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5IF�TPDJBM�XFMGBSF�TZTUFNT�PG�GJOBODJBMMZ�TUSPOH�DPVOUSJFT�IBWF�DPNF�VOEFS�JODSFBTJOH�

QSFTTVSF� JO� SFDFOU� ZFBST�� 5IF� GBDUPST� SFTQPOTJCMF� JODMVEFE
� OPU� MFBTU� PG� BMM
� UIF�

EFNPHSBQIJD� USFOE� XIJDI� MFE� UP� B� TUFBEZ� JODSFBTF� JO� UIF� FMEFSMZ
� B� TFDUJPO� PG� UIF�

QPQVMBUJPO�XIJDI�JT�FYQFOTJWF�JO�XFMGBSF�UFSNT��"U�UIF�TBNF�UJNF
�ESVH�NBOVGBDUVSFSTk�

MVDSBUJWF�QBUFOU�SJHIUT�SBO�PVU�BOE�OVNFSPVT�HFOFSJDT�NBOVGBDUVSFST�SVTIFE�POUP�UIF�

NBSLFU��3FTFBSDI�BOE�EFWFMPQNFOU
�XIJDI�XBT�CFDPNJOH� JODSFBTJOHMZ�FYQFOTJWF
�EJE�

OPU� IPXFWFS� QSPEVDF� B� DPSSFTQPOEJOH� JODSFBTF� JO� UIF� OVNCFS� PG� DPNNFSDJBM�

TVDDFTTFT� UP� NBLF� VQ� GPS� UIF� MPTU� TBMFT�� *OTUFBE
� PWFS� UJNF� B� DIBTN� PQFOFE� VQ�

CFUXFFO� UIF� JOWFTUNFOU�DPTUT�BOE�UIF�OVNCFS�PG�QIBSNBDFVUJDBMT�CSPVHIU� UP�NBSLFU�

CZ� UIF� SFTFBSDI�CBTFE� JOEVTUSZ�� "MTP
� UIF� BVUIPSJUJFT� NBEF� JODSFBTJOHMZ� TUSJOHFOU�

RVBMJUZ�EFNBOET
�QBSUJDVMBSMZ�PG�DPNQBOJFT�PQFSBUJOH�XPSMEXJEF��

$POTFRVFOUMZ
� QIBSNBDFVUJDBM� JOEVTUSZ� NBOBHFST� IBE� UP� JODSFBTF� CPUI� DBQBDJUZ� BOE�

RVBMJUZ
� XIJMTU� BDUJWF� TVCTUBODFT� BOE� UIF� DPSSFTQPOEJOH� ESVH� GPSNT� CFDBNF�

JODSFBTJOHMZ� DPNQMFY� BOE� FYQFOTJWF� UP� QSPDFTT�� *O� UIF� QBTU� JU� IBT� CFFO� QPTTJCMF� UP�

NBLF� POMZ� JOBEFRVBUF� JNQSPWFNFOUT� JO� UIJT� TJUVBUJPO� CZ�NFBOT� PG� USBEJUJPOBM� RVBMJUZ�

DPOUSPM� JO� BDDPSEBODF� XJUI� UIF� DVSSFOU� QIBSNBDPQPFJB�� *OTUFBE
� B� OFFE� BSPTF� GPS�

NPEFSO�NPOJUPSJOH� TZTUFNT�XIJDI� UIF�64�IFBMUI� BVUIPSJUZ� '%"� JOUFOEFE� UP�NFFU�CZ�

TVQQPSUJOH�kQSPDFTT�BOBMZUJDBM�UFDIOPMPHJFTk�	1"5
��1"5�XBT�SFHBSEFE�BT�B�HFOFSJD�UFSN�

GPS� QSPEVDUJPO�CBTFE� TZTUFNT� GPS� NPOJUPSJOH� DSJUJDBM� RVBMJUZ� BOE� QFSGPSNBODF�

QBSBNFUFST�� 5IF� BJN�XBT� GJSTUMZ� UP� JODSFBTF� UIF� RVBMJUZ� PG� UIF� GJOJTIFE� QSPEVDUT� BOE�

TFDPOEMZ�UP�SFEVDF�NBOVGBDUVSJOH�DPTUT�JO�UIF�MPOH�UFSN��

8JUIJO� UIF� (BMFOJDBM� #VML� 0QFSBUJPOT� EFQBSUNFOU� BU� '�� )PGGNBOO�-B� 3PDIF� -UE�� JO�

#BTFM�UIJT�BQQSPBDI�XBT�UP�CF�JOWFTUJHBUFE�JO�B�GFBTJCJMJUZ�TUVEZ��5IF�FYBNQMF�VTFE�XBT�

B�GSFF[F�ESZJOH�MJOF
�TJODF�MZPQIJMJ[BUJPO�JT�CZ�OBUVSF�B�UFDIOJRVF�XJUI�DPNQMFY�QSPDFTT�

TUBHFT�BGGFDUJOH�RVBMJUZ�XIJDI�BSF�EJGGJDVMU�UP�NPOJUPS��5IF�SFTJEVBM�NPJTUVSF�DPOUFOU�JT�

SFDPHOJ[FE� BT� CFJOH� POF� PG� UIF� NPTU� DSJUJDBM� QBSBNFUFST� CFTJEFT� QSPEVDU� TUFSJMJUZ��

5SBEJUJPOBMMZ
� UIF� SFTJEVBM�XBUFS�DPOUFOU�PO� SFMFBTF�XBT�EFUFSNJOFE�CZ�RVBMJUZ�DPOUSPM�

QFSGPSNFE� VTJOH� SBOEPN� ,BSM� 'JTDIFS� 	,'
� UJUSBUJPOT�� *G� UIF� NFBO� PG� UIFTF�

EFUFSNJOBUJPOT�EJE�OPU�NFFU� UIF�TQFDJGJDBUJPOT
� UIF�FOUJSF�CBUDI�IBE� UP�CF�EFTUSPZFE
�



4VNNBSZ�

����

XJUI�JTPMBUFE�PVUMJFST�PDDBTJPOBMMZ�DBVTJOH�MBSHF�OVNCFST�PG�SFKFDUT��5IF�BCJMJUZ�UP�SFKFDU�

JOEJWJEVBM�DPOUBJOFST�UIBU� MBZ�PVUTJEF�UIF�TQFDJGJDBUJPOT�UIFSFGPSF�PGGFSFE�DPOTJEFSBCMF�

QPUFOUJBM� GPS� GJOBODJBM� TBWJOHT
� BMUIPVHI� UIJT� DPVME� CF� EPOF� POMZ� JG� B� DPNQMFUF�

JOTQFDUJPO�XBT�NBEF�GPS�UIJT�UFTU�DSJUFSJPO��

5IF�BJN�PG�UIJT�TUVEZ�XBT�UP�EFWFMPQ�BO�JO�MJOF�BOBMZUJDBM�NFUIPE�GPS�EFUFSNJOJOH�UIF�

SFTJEVBM�XBUFS�DPOUFOU��0OF�PG�UIF�CJHHFTU�DIBMMFOHFT�XBT�UIF�MJOF�TQFFE�PG�VQ�UP�����

PCKFDUT� UP� CF� BOBMZ[FE� QFS� NJOVUF�� *O� B� GJSTU� TUBHF� B� OPO�EFTUSVDUJWF� SFTJEVBM� XBUFS�

BOBMZTJT�XBT�UP�CF�EFNPOTUSBUFE�PO�B�MBCPSBUPSZ�TDBMF�VTJOH�UIF�WBSJPVT�MZPQIJMJ[BUFT��

5IFO
� UP� DIFDL� UIF� BQQMJDBCJMJUZ� PG� UIJT�NFUIPE� JO� B� EZOBNJD� JOTQFDUJPO
� B� QSPUPUZQF�

XBT� UP�CF�VTFE� UP�TJNVMBUF� UIF�QSPEVDUJPO� MJOF�� *G� GFBTJCJMJUZ�XBT�FTUBCMJTIFE
�BDDPVOU�

XBT�BMTP�UP�CF�UBLFO�PG�DPTU�FGGFDUJWFOFTT�JO�UIF�JOWFTUNFOUT�OFFEFE�UP�JNQMFNFOU�UIF�

QSPHSBN��

/FBS�JOGSBSFE� 	/*3
� TQFDUSPTDPQZ� XBT� VTFE� BT� OPO�EFTUSVDUJWF� NFUIPE� TJODF� JO�

QSJODJQMF�JU�BMMPXT�UIF�SFTJEVBM�NPJTUVSF�DPOUFOU�UP�CF�EFUFSNJOFE�JO�MJOF��5IF�TUBSUJOH�

TJUVBUJPO� BOE� BOZ� TQFDJBM� QSPEVDU� DIBSBDUFSJTUJDT� XFSF� JOWFTUJHBUFE� JO� BO� JOJUJBM�

FWBMVBUJPO� QIBTF�� 5XP� TQFDUSPNFUFST� GSPN� EJGGFSFOU� TVQQMJFST� XIJDI� VTFE� EJGGFSFOU�

UFDIOJRVFT�XFSF�DPNQBSFE�BT�SFHBSET�VTF�JO�BO�JO�MJOF�BQQMJDBUJPO��5IF�NPTU�TVJUBCMF�

"05'�EFWJDF�XBT�VTFE� UP�QFSGPSN� GVSUIFS�TUVEJFT�PO�B� MBCPSBUPSZ� TDBMF��5IJT�BMMPXFE�

UIF� GFBTJCJMJUZ� PG� SFTJEVBM� XBUFS� EFUFSNJOBUJPO� DPNQBSFE� UP� ,'� UJUSBUJPO� UP� CF�

FTUBCMJTIFE�XJUI�HPPE�BDDVSBDZ��

$PMMBCPSBUJPO�XJUI�B�NFDIBOJDBM�FOHJOFFSJOH�DPNQBOZ�XBT�OFDFTTBSZ�GSPN�UIF�PVUTFU�

JO�PSEFS�UP�EFTJHO�B�GVUVSF�QSPDFTT�BVUPNBUJPO�TZTUFN�JO�BDDPSEBODF�XJUI�UIF�TQFDJGJD�

SFRVJSFNFOUT�� "� TJNVMBUPS� XBT� EFWFMPQFE� PO� UIF� CBTJT� PG� UIJT� QSPDFTT� VOJU� XIJDI�

BMMPXFE�BMM�UIF�FYJTUJOH�GPSNBUT�UP�CF�GFE�UP�UIF�/*3�TFOTPS�BU�QSPDFTT�TQFFE��"OPUIFS�

UPPM�XBT�DSFBUFE�BU�UIF�TBNF�UJNF�XIJDI�NJHIU�MBUFS�CF�VTFE�GPS�UIF�EFWFMPQNFOU�BOE�

WBMJEBUJPO�PG�MZPQIJMJ[BUJPO�DZDMFT��*O�BEEJUJPO
�SBQJEMZ�DIBOHJOH�SFHVMBUPSZ�SFRVJSFNFOUT�

OFDFTTJUBUFE� DVTUPNFS�TQFDJGJD� NPEJGJDBUJPOT� UP� UIF� TPGUXBSF�� %ZOBNJD� DBMJCSBUJPOT�

XFSF�QSPEVDFE�BOE� JO� UIJT�XBZ�/*3�BOBMZTJT�XBT�QFSGPSNFE�TVDDFTTGVMMZ�XJUI�NPWJOH�

TBNQMFT��



�

� ���

.BOVBM� BOE� TFNJ�BVUPNBUJD� PGG�MJOF� BOE� BU�MJOF� JOTQFDUJPOT� PG� XIPMF� CBUDIFT� XFSF�

QFSGPSNFE� PO� UIF� CBTJT� PG� WBMJEBUFE� /*3� NPEFMT� BOE� QSPWJEFE� B� CFUUFS� JOTJHIU� JOUP�

JOEJWJEVBM�QSPEVDU�DIBSBDUFSJTUJDT��2VBMJUBUJWF�BOE�RVBOUJUBUJWF�DIFNPNFUSJD�DBMJCSBUJPO�

NFUIPET�XFSF�VTFE
�CBTFE� PO�QSJODJQBM� DPNQPOFOUT� BOBMZTJT� 	1$"
� BOE�QBSUJBM� MFBTU�

TRVBSFT� 	1-4

� BOE� DPNQBSFE� BT� SFHBSET� UIFJS� BEWBOUBHFT� BOE� EJTBEWBOUBHFT�� *U�

FNFSHFE�UIBU�RVBMJUBUJWF�NPEFMT�XFSF�CFUUFS�TVJUFE�UP�SPVUJOF�PQFSBUJPO��

5IF�GJOEJOHT�PG�UIFTF�BOBMZTFT�XFSF�VTFE�GPS�BO�JOWFTUNFOU�DBMDVMBUJPO�XIJDI�TIPXFE�

UIBU� BNPSUJ[BUJPO� DPVME� CF� BDIJFWFE� JO� MFTT� UIBO� UXP� ZFBST� BOE� UIVT� TVQQPSUFE� UIF�

EFDJTJPO�GPS�JO�MJOF�JNQMFNFOUBUJPO�PG�UIF�BOBMZUJDBM�UFDIOJRVF��

5IJT�TVDDFTTGVM�GFBTJCJMJUZ�TUVEZ�XBT�VTFE�BT�B�SFGFSFODF�GPS�PUIFS�1"5�QSPKFDUT�XIJDI�

XFSF� UIFO� UP� CF� SVO� BU� '�� )PGGNBOO�-B� 3PDIF� -UE�� BU� FBSMJFS� TUBHFT� JO� QSPEVDU�

EFWFMPQNFOU��

�





�
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;VTBNNFOGBTTVOH�

*O�EFO�MFU[UFO�+BISFO�JTU�EBT�4P[JBMTZTUFN�EFS�GJOBO[JFMM�TUBSLFO�-®OEFS�JNNFS�TU®SLFS�

VOUFS� %SVDL� HFSBUFO�� 7FSBOUXPSUMJDI� EBGÅS� XBS� OJDIU� [VMFU[U� EJF� EFNPHSBQIJTDIF�

&OUXJDLMVOH
� EJF� [V� FJOFN� TUFUJH� BOXBDITFOEFO� "OUFJM� EFS� ®MUFSFO� VOE� EBNJU�

LPTUFOJOUFOTJWFO�#FW¿MLFSVOHTTDIJDIU� GÅISUF��(MFJDI[FJUJH� MJFGFO� MVLSBUJWF�-J[FO[SFDIUF�

QIBSNB[FVUJTDIFS� 6OUFSOFINFO� BVT� VOE� [BIMSFJDIF� (FOFSJLB� )FSTUFMMFS� ES®OHUFO� JO�

EFO�.BSLU��%JF�JNNFS�UFVFSFS�XFSEFOEF�'PSTDIVOH�VOE�&OUXJDLMVOH�GÅISUF�BCFS�OJDIU�

HMFJDIFSNB©FO� [V� HFTUFJHFSUFO� &SGPMHFO
� VN� EJFTF� 6NTBU[FJOCV©FO� BVT[VHMFJDIFO��

4UBUUEFTTFO�MJFGFO�NJU�EFS�;FJU�EJF�*OWFTUJUJPOTLPTUFO�VOE�EJF�"O[BIM�EFS�[VS�.BSLUSFJGF�

HFCSBDIUFO� 1IBSNBLB� EFS� GPSTDIFOEFO� *OEVTUSJF� TDIFSFOG¿SNJH� BVTFJOBOEFS�� %B[V�

LBN
�EB©�EJF�#FI¿SEFO�CFTPOEFST�BO�XFMUXFJU�BHJFSFOEF�6OUFSOFINFO�JNNFS�I¿IFSF�

2VBMJU®UTBOGPSEFSVOHFO�TUFMMUFO��

%FN[VGPMHF�NV©UF�EBT�.BOBHFNFOU�EFS�QIBSNB[FVUJTDIFO�*OEVTUSJF�TPXPIM�,BQB[JU®U�

BMT� BVDI� 2VBMJU®U� TUFJHFSO
� X®ISFOE� EJF� 8JSLTUPGGF� VOE� EFSFO� "S[OFJGPSNFO� JNNFS�

LPNQMFYFS� VOE� BVGXFOEJHFS� [V� WFSBSCFJUFO� XVSEFO�� *O� EFS� 7FSHBOHFOIFJU� LPOOUFO�

NJUIJMGF� EFS� USBEJUJPOFMMFO� 2VBMJU®UTLPOUSPMMF� FOUTQSFDIFOE� EFS� HÅMUJHFO� 1IBSNBLPQ¿F�

EJFTCF[ÅHMJDI�OVS�VO[VSFJDIFOEF�7FSCFTTFSVOHFO�FS[JFMU�XFSEFO��4UBUUEFTTFO�FOUTUBOE�

EFS� #FEBSG� OBDI� NPEFSOFO� ¨CFSXBDIVOHTTZTUFNFO
� EFN� EJF� 6�4�� BNFSJLBOJTDIF�

(FTVOEIFJUTCFI¿SEF� '%"� NJU� EFS� 6OUFSTUÅU[VOH� TPHFOBOOUFS� 1SPDFTT� "OBMZUJDBM�

5FDIOPMPHJFT� 	1"5
� HFSFDIU� [V� XFSEFO� XPMMUF�� 1"5� XVSEF� BMT� FJO� 0CFSCFHSJGG� GÅS�

QSPEVLUJPOTOBIF� .POJUPSJOHTZTUFNF� WPO� LSJUJTDIFO� 2VBMJU®UT�� VOE�

-FJTUVOHTQBSBNFUFSO� WFSTUBOEFO�� )JFSEVSDI� TPMMUFO� FJOFSTFJUT� EJF� 2VBMJU®U� EFS�

&OEQSPEVLUF� HFTUFJHFSU� VOE� BOEFSFSTFJUT� MBOHGSJTUJH� EJF� )FSTUFMMVOHTLPTUFO� HFTFOLU�

XFSEFO��

*OOFSIBMC� EFS� "CUFJMVOH� (BMFOJDBM� #VML� 0QFSBUJPOT� EFS� '�� )PGGNBOO�-B� 3PDIF� "(
�

#BTFM
�TPMMUF�EJFTFS�"OTBU[� JO�FJOFS�.BDICBSLFJUTTUVEJF�ÅCFSQSÅGU�XFSEFO��"MT�#FJTQJFM�

XVSEF� FJOF� (FGSJFSUSPDLOVOHTMJOJF� IFSBOHF[PHFO
� EB� EJF� -ZPQIJMJTBUJPO� OBUVSHFN®©�

FJOF�5FDIOJL�NJU� LPNQMFYFO�RVBMJU®UTSFMFWBOUFO�1SP[FTTTDISJUUFO� JTU
� EJF� TDIXJFSJH� [V�

ÅCFSXBDIFO� TJOE�� /FCFO� EFS� 1SPEVLUTUFSJMJU®U� XVSEF� EFS� (FIBMU� EFS� 3FTUGFVDIUF� BMT�

FJOFS�EFS�LSJUJTDITUFO�1BSBNFUFS�FSLBOOU��5SBEJUJPOFMM�GBOE�EJF�'SFJHBCFCFTUJNNVOH�EFT�



;VTBNNFOGBTTVOH�

����

3FTUXBTTFSHFIBMUT� EFS� 2VBMJU®UTLPOUSPMMF� NJU� TUJDIQSPCFOXFJTFO� ,BSM� 'JTDIFS� 	,'
�

5JUSBUJPOFO� TUBUU�� &OUTQSBDI� EFS� .JUUFMXFSU� EJFTFS� #FTUJNNVOHFO� OJDIU� EFO�

4QF[JGJLBUJPOFO
�TP�NV©UF�EJF�HFTBNUF�$IBSHF�WFSOJDIUFU�XFSEFO�VOE�WFSVSTBDIUF�WPO�

;FJU� [V� ;FJU� EVSDI� FJO[FMOF� "VTSFJ©FS� IPIFO� "VTTDIVTT�� %JF� .¿HMJDILFJU� FJO[FMOF�

#FI®MUOJTTF�BV©FSIBMC�EFS�4QF[JGJLBUJPOFO�BVT[VTPSUJFSFO�CPU�EBIFS�FJO�VNGBOHSFJDIFT�

1PUFOUJBM� BO� GJOBO[JFMMFO� &JOTQBSVOHFO
� EJF� OVS� EVSDI� FJOF� 5PUBMJOTQFLUJPO� EJFTFT�

1SÅGLSJUFSJVNT�FSSFJDIU�XÅSEF��

;JFM� EJFTFS� "SCFJU� XBS� FT
� FJOF� JO�MJOF� "OBMZTFONFUIPEF� GÅS� EJF� #FTUJNNVOH� EFT�

3FTUXBTTFSHFIBMUT� [V� FOUXJDLFMO�� &JOF� EFS� HS¿©UFO� )FSBVTGPSEFSVOHFO� TUFMMUF� EJF�

-JOJFOHFTDIXJOEJHLFJU� WPO�CJT� [V�����[V�BOBMZTJFSFOEFO�0CKFLUFO�QSP�.JOVUF�EBS�� *O�

FJOFN� FSTUFO� 4DISJUU� TPMMUF� FJOF� OJDIU� EFTUSVLUJWF� 3FTUXBTTFSBOBMZTF� JO� EFO�

WFSTDIJFEFOFO�-ZPQIJMJTBUFO�JN�-BCPSNB©TUBC�CFXJFTFO�XFSEFO��6N�BOTDIMJF©FOE�EJF�

"OXFOECBSLFJU� EJFTFS� .FUIPEF� JO� FJOFS� EZOBNJTDIFO� *OTQFLUJPO� ÅCFSQSÅGFO� [V�

L¿OOFO
�TPMMUF�NJU�FJOFN�1SPUPUZQ�EJF�1SPEVLUJPOTMJOJF�TJNVMJFSU�XFSEFO��#FJ�HFHFCFOFS�

.BDICBSLFJU� TPMMUF� BVDI� EJF� 8JSUTDIBGUMJDILFJU� EFS� CFJ� FJOFS� *NQMFNFOUJFSVOH�

BOGBMMFOEFO�*OWFTUJUJPOFO�CFSÅDLTJDIUJHU�XFSEFO��

%JF� /BI�*OGSBSPU� 	/*3
� 4QFLUSPTLPQJF� XVSEF� BMT� OJDIU� EFTUSVLUJWF� .FUIPEF�

IFSBOHF[PHFO
� EJF� QSJO[JQJFMM� FJOF� JO�MJOF� 3FTUGFVDIUFCFTUJNNVOH� FSMBVCU�� *O� FJOFS�

FSTUFO�&WBMVBUJPOTQIBTF�XVSEFO�EJF�"VTHBOHTMBHF�VOE�TQF[JFMMF�1SPEVLUFJHFOTDIBGUFO�

VOUFSTVDIU��;XFJ�4QFLUSPNFUFS� WFSTDIJFEFOFS� -JFGFSBOUFO�VOE�5FDIOJLFO�XVSEFO�BVG�

JISF�-FJTUVOHTG®IJHLFJU�JN�)JOCMJDL�BVG�FJOF�JO�MJOF�"QQMJLBUJPO�NJUFJOBOEFS�WFSHMJDIFO��

%BT� BN� CFTUFO� HFFJHOFUF� "05'� (FS®U� XVSEF� WFSXFOEFU
� VN� XFJUFSF� 4UVEJFO� JN�

-BCPSNB©TUBC� EVSDI[VGÅISFO�� )JFSCFJ� LPOOUF� EJF� .BDICBSLFJU� EFS�

3FTUXBTTFSCFTUJNNVOH� JN� 7FSHMFJDI� [VS� ,'� 5JUSBUJPO� NJU� HVUFS� (FOBVJHLFJU� CFMFHU�

XFSEFO��

7PO� "OGBOH� BO� XBS� FJOF� ;VTBNNFOBSCFJU� NJU� FJOFS� .BTDIJOFOCBVGJSNB� OPUXFOEJH
�

VN�FJOF�[VLÅOGUJHF�1SP[FTTBVUPNBUJPO�FOUTQSFDIFOE�EFO�TQF[JGJTDIFO�"OGPSEFSVOHFO�

[V� LPO[JQJFSFO�� *O� "OMFIOVOH� BO� FJOF� TPMDIF� 1SP[FTTBOMBHF� XVSEF� FJO� 4JNVMBUPS�

FOUXJDLFMU
� EFS� FT� FSMBVCUF� BMMF� WPSLPNNFOEFO� 'PSNBUF� JO� 1SP[FTTHFTDIXJOEJHLFJU�

EFN�/*3�4FOTPS� [V[VGÅISFO��(MFJDI[FJUJH�FOUTUBOE�FJO�XFJUFSFT�8FSL[FVH
�EBT�TQ®UFS�

[VS�&OUXJDLMVOH�VOE�7BMJEJFSVOH�WPO�-ZPQIJMJTBUJPOT[ZLMFO�WFSXFOEFU�XFSEFO�L¿OOUF��



�
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%BSÅCFS� IJOBVT� NBDIUFO� TJDI� TDIOFMM� WFS®OEFSOEF� #FI¿SEFOBOGPSEFSVOHFO�

LVOEFOTQF[JGJTDIF� "OQBTTVOHFO� EFS� 4PGUXBSF� OPUXFOEJH�� %ZOBNJTDIF� ,BMJCSBUJPOFO�

XVSEFO� FSTUFMMU� VOE� EJF� /*3� "OBMZTF� NJU� CFXFHUFO� 1SPCFO� LPOOUF� TP� FSGPMHSFJDI�

EVSDIHFGÅISU�XFSEFO��

"VG�#BTJT� WPO� WBMJEJFSUFO�/*3�.PEFMMFO�XVSEFO�NBOVFMMF� VOE�IBMCBVUPNBUJTDIF�PGG��

VOE� BU�MJOF� *OTQFLUJPOFO� HBO[FS� $IBSHFO� EVSDIHFGÅISU� VOE� FSN¿HMJDIUFO� FJOFO�

CFTTFSFO�&JOCMJDL�JO�EJF�JOEJWJEVFMMF�1SPEVLUCFTDIBGGFOIFJU��%BCFJ�TJOE�RVBMJUBUJWF�VOE�

RVBOUJUBUJWF�DIFNPNFUSJTDIF�,BMJCSBUJPOTBOT®U[F�CBTJFSFOE�BVG�1SJODJQBM�$PNQPOFOUT�
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�C[X��1BSUJBM�-FBTU�4RVBSFT�	1-4
�WFSGPMHU�VOE�FOUTQSFDIFOE� JISFS�7PS��

VOE�/BDIUFJMF�NJUFJOBOEFS� WFSHMJDIFO�XPSEFO�� &T� TUFMMUF� TJDI� IFSBVT
� EB©� RVBMJUBUJWF�

.PEFMMF�GÅS�EFO�3PVUJOFCFUSJFC�CFTTFS�HFFJHOFU�XBSFO��

%JF�&SLFOOUOJTTF�EJFTFS�"OBMZTFO�XVSEFO�GÅS�FJOF�*OWFTUJUJPOTSFDIOVOH�IFSBOHF[PHFO
�

EJF�FJOF�"NPSUJTBUJPO�JO�XFOJHFS�BMT�[XFJ�+BISFO�FSHBC�VOE�EBNJU�EJF�&OUTDIFJEVOH�GÅS�

FJOF�JO�MJOF�*NQMFNFOUJFSVOH�EFS�"OBMZTFOUFDIOJL�VOUFSTUÅU[UF��

%JFTF�FSGPMHSFJDIF�.BDICBSLFJUTTUVEJF�EJFOUF�BMT�3FGFSFO[�GÅS�XFJUFSF�1"5�1SPKFLUF
�EJF�
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%FQVJT� RVFMRVFT� BOO³FT
� MF� TZTU²NF� TPDJBM� EFT� QBZT� E³WFMPQQ³T� FTU� MkPCKFU� EF�

QSFTTJPOT� DSPJTTBOUFT
� MJ³FT� FOUSF� BVUSFT
� BV� E³WFMPQQFNFOU� E³NPHSBQIJRVF
� ª� TBWPJS�

MkBDDSPJTTFNFOU� DPOTUBOU� EV� OPNCSF� EF� QFSTPOOFT� ¬H³FT
� VOF� DBU³HPSJF� EF� MB�

QPQVMBUJPO� QBSUJDVMJ²SFNFOU� FYJHFBOUF� FO� UFSNFT� EF� QSFTUBUJPOT� TPDJBMFT�� %BOT� MF�

N´NF� UFNQT
� MkFYQJSBUJPO� EFT� CSFWFUT� EFT� QSPEVJUT� NBKFVST� EFT� DPNQBHOJFT�

QIBSNBDFVUJRVFT� EPNJOBOUFT� MF� NBSDI³� B� QSPWPRV³� VOF� BGGMVFODF� EF� GBCSJDBOUT� EF�

N³EJDBNFOUT�H³O³SJRVFT��-FT�BDUJWJU³T�EF�SFDIFSDIF�FU�E³WFMPQQFNFOU�o�EPOU� MF�DPÄU�

OF�DFTTF�EkBVHNFOUFS�o�OkPOU�NBMIFVSFVTFNFOU�QBT�BCPVUJ�ª�VOF�IBVTTF�EFT�TVDD²T�

DPNNFSDJBVY
� TVTDFQUJCMF� EF� DPNQFOTFS� MFT� QFSUFT� EF� DIJGGSF� EkBGGBJSFT�� #JFO� BV�

DPOUSBJSF
� Mk³DBSU� FOUSF� MFT� GSBJT� EkJOWFTUJTTFNFOU� FU� MF� OPNCSF� EF� TQ³DJBMJU³T�

QIBSNBDFVUJRVFT�DPNNFSDJBMJT³FT�TkFTU�DSFVT³
�TBOT�PVCMJFS�EFT�FYJHFODFT�EF�RVBMJU³�

EF�QMVT�FO� QMVT� SJHPVSFVTFT� JNQPT³FT� QBS� MFT� BVUPSJU³T
� OPUBNNFOU� BVY� DPNQBHOJFT�

EkFOWFSHVSF�JOUFSOBUJPOBMF�

"JOTJ
�MFT�EJSJHFBOUT�EF�MkJOEVTUSJF�QIBSNBDFVUJRVF�TPOU�EBOT�MkPCMJHBUJPO�EkBDDSP¸USF�ª�MB�

GPJT�MB�DBQBDJU³�EF�QSPEVDUJPO�FU�MB�RVBMJU³
�BMPST�RVF�MFT�QSJODJQFT�BDUJGT�FU�MFVST�GPSNFT�

HBM³OJRVFT�EFWJFOOFOU�EF�QMVT�FO�QMVT�DPNQMFYFT�FU�DIFST�ª�GBCSJRVFS��&O�MkPDDVSSFODF
�

MF�DPOUS½MF�EF�RVBMJU³�DMBTTJRVF�UFM�RVkPO�MF�DPODFWBJU�QBS�MF�QBTT³
�FO�DPOGPSNJU³�BWFD�

MB� QIBSNBDPQ³F� FO� WJHVFVS
� OF� QFSNFU� QMVT� EFT� BN³MJPSBUJPOT� TBUJTGBJTBOUFT�� $kFTU�

QPVSRVPJ� MB� NJTF� FO� QMBDF� EF� TZTU²NFT� EF� TVSWFJMMBODF� NPEFSOFT� B� ³U³� O³DFTTBJSF��

"JOTJ� MkBENJOJTUSBUJPO� BN³SJDBJOF� 'PPE� BOE� %SVH� "ENJOJTUSBUJPO� 	'%"

� B� UFOU³�

EkBOUJDJQFS� DF� CFTPJO� FO� FODPVSBHFBOU� MFT� �UFDIOPMPHJFT� BOBMZUJRVFT� EFT� QSPD³E³T��

	1SPDFTT�"OBMZUJDBM�5FDIOPMPHJFT�PV�1"5
��1"5�B�³U³�E³GJOJ�DPNNF�VO�UFSNF�H³O³SJRVF�

QPVS�E³TJHOFS�MkFOTFNCMF�EFT�TZTU²NFT�EF�DPOUS½MF�EFT�QBSBN²USFT�DSJUJRVFT�EF�RVBMJU³�

FU� EF� SFOEFNFOU
� JNQMBOU³T� EJSFDUFNFOU� MB� DIB¸OF� EF� QSPEVDUJPO�� &O� QSFNJFS� MJFV
�

MkPCKFDUJG�FTU�MkBN³MJPSBUJPO�EF�MB�RVBMJU³�EFT�QSPEVJUT�GJOBVY�FU�EBOT�VO�TFDPOE�UFNQT
�

MB�S³EVDUJPO�EFT�DPÄUT�EF�GBCSJDBUJPO�ª�MPOH�UFSNF��

$FUUF�OPVWFMMF�BQQSPDIF�B� GBJU� MkPCKFU�EkVOF�³UVEF�EF� GBJTBCJMJU³�BV�TFJO�EF� MB�EJWJTJPO�

(BMFOJDBM�#VML�0QFSBUJPOT�EF�MB�TPDJ³U³�'��)PGGNBOO�-B�3PDIF�4"�ª�#¬MF��-B�DIB¸OF�EF�

MZPQIJMJTBUJPO�B�³U³�SFUFOVF�ª�UJUSF�EkFYFNQMF��1BS�OBUVSF
�MB�MZPQIJMJTBUJPO�JNQMJRVF�EFT�
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³UBQFT� DPNQMFYFT� BZBOU� VOF� JODJEFODF� TVS� MB� RVBMJU³� GJOBMF� FU� RVJ� TPOU� EJGGJDJMFT� ª�

TVSWFJMMFS��0VUSF� MB�TU³SJMJU³�EFT�QSPEVJUT
� MB� UFOFVS�FO�IVNJEJU³� S³TJEVFMMF�DPOTUJUVF� JDJ�

MkVO�EFT�QBSBN²USFT�MFT�QMVT�DSJUJRVFT��&O�DPOUS½MF�RVBMJU³
�MkBOBMZTF�EF�MB�UFOFVS�FO�FBV�

S³TJEVFMMF�FTU�E³UFSNJO³F�IBCJUVFMMFNFOU�QBS� MB�N³UIPEF� UJUSJN³USJRVF�EF�,BSM�'JTDIFS�
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�TVS� MB�CBTF�Ek³DIBOUJMMPOT�QS³MFW³T�BV�IBTBSE��4J� MB�WBMFVS�NPZFOOF�EFT� UJUSBHFT�

OkFTU� QBT� DPOGPSNF� BVY� TQ³DJGJDBUJPOT
� VO� MPU� DPNQMFU� QFVU� ´USF� E³USVJU
� TVJUF� ª� EFT�

BOPNBMJFT� JTPM³FT�� "JOTJ
� MB� QPTTJCJMJU³� EF� SFKFUFS� JOEJWJEVFMMFNFOU� MFT� QSPEVJUT� IPST�

TQ³DJGJDBUJPOT� SFQS³TFOUF� VO� W³SJUBCMF� HBJO�� $FMB� JNQPTF� UPVUFGPJT� MF� DPOUS½MF� EF�

MkFOTFNCMF�EFT�³DIBOUJMMPOT�EV�MPU�GBCSJRV³��

-kPCKFDUJG�EF�DF�USBWBJM�³UBJU�MF�E³WFMPQQFNFOU�EkVOF�N³UIPEF�EkBOBMZTF��JO�MJOF��QPVS�MB�

E³UFSNJOBUJPO�EF�MB�UFOFVS�FO�FBV�S³TJEVFMMF��-F�E³GJ�NBKFVS�QSPWFOBJU�EF�MB�WJUFTTF�EF�

MB� DIB¸OF� EF� QSPEVDUJPO
� QPVWBOU� BUUFJOESF� KVTRVkª� ���� ³DIBOUJMMPOT� ª� BOBMZTFS� QBS�

NJOVUF�� *M� TkBHJTTBJU� EBOT� VO� QSFNJFS� UFNQT
� Ek³UBCMJS� MB� GBJTBCJMJU³� EkVOF� BOBMZTF� OPO�

EFTUSVDUJWF�EF�MkFBV�S³TJEVFMMF�EBOT�MFT�EJGG³SFOUT�MZPQIJMJTBUT
�ª�Mk³DIFMMF�EV�MBCPSBUPJSF��

&OTVJUF
� JM� GBMMBJU� TJNVMFS� MB� DIB¸OF� EF� QSPEVDUJPO� ª� MkBJEF� EkVOF� JOTUBMMBUJPO� QSPUPUZQF�

QPVS�QPVWPJS�W³SJGJFS� MkBQQMJDBCJMJU³�EF�DFUUF�N³UIPEF� MPST�EkVOF� JOTQFDUJPO�EZOBNJRVF�

�JO�MJOF��� 6OF� GPJT� MB� GBJTBCJMJU³� UFDIOPMPHJRVF� ³UBCMJF
� JM� TkBHJTTBJU� ³HBMFNFOU� EF� GBJSF�

FOUSFS�FO�MJHOF�EF�DPNQUF� MB�SFOUBCJMJU³�EFT� JOWFTUJTTFNFOUT�O³DFTTBJSFT�ª� MB�NJTF�FO�

tVWSF�PQ³SBUJPOOFMMF��

-B� TQFDUSPTDPQJF� QSPDIF� JOGSBSPVHF� 	1*3
� B� ³U³� FOWJTBH³F
� E²T� MF� E³QBSU
� DBS� FMMF�

QFSNFU� MB� E³UFSNJOBUJPO� OPO� EFTUSVDUJWF� FU� SBQJEF� EF� MkIVNJEJU³� S³TJEVFMMF�� 6OF�

QSFNJ²SF�QIBTF�Ek³WBMVBUJPO�B�DPOTJTU³�FO� MkBOBMZTF�EF� MB�TJUVBUJPO�EF�E³QBSU�QVJT�EF�

MkJOWFOUBJSF�EFT�DBSBDU³SJTUJRVFT�QBSUJDVMJ²SFT�PV�DSJUJRVFT�EFT�QSPEVJUT�DPODFSO³T��-FT�

QFSGPSNBODFT� EF� EFVY� TQFDUSPN²USFT� EF� GBCSJDBOUT� EJGG³SFOUT
� OkFNQMPZBOU� QBT� MB�

N´NF�UFDIOJRVF
�POU�³U³�DPOGSPOU³FT�FO�WVF�EkVOF�BQQMJDBUJPO��JO�MJOF���-F�TZTU²NF�MF�

NJFVY�BEBQU³
�VUJMJTBOU�MB�UFDIOPMPHJF�"05'
�B�³U³�SFUFOV�QPVS�MB�DPOEVJUF�EFT�³UVEFT�ª�

Mk³DIFMMF�EV� MBCPSBUPJSF��-B� GBJTBCJMJU³�EV�EPTBHF�EF� MkFBV� S³TJEVFMMF�QBS�1*3�B�QV�´USF�

³UBCMJF�QVJT�MB�N³UIPEF�WBMJE³F�BWFD�VOF�CPOOF�QS³DJTJPO�QBS�SBQQPSU�BV�UJUSBHF�,'��

%²T� MF�E³QBSU
� JM�B� GBMMV�DPMMBCPSFS�BWFD�VO� GBCSJDBOU� SFDPOOV�EF� MJHOFT�EF�QSPEVDUJPO�

QPVS�DPODFWPJS�MkBVUPNBUJTBUJPO�VMU³SJFVSF�EV�QSPD³E³
�DPOGPSN³NFOU�BVY�FYJHFODFT�EF�

3PDIF��6O�TJNVMBUFVS�B�³U³�NJT�BV�QPJOU�QPVS�SFQSPEVJSF�MFT�WJUFTTFT�EF�E³GJMFNFOU�EFT�
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³DIBOUJMMPOT�EF�MB�MJHOF�EF�QSPEVDUJPO�BDUVFMMFNFOU�FO�QMBDF��*M�B�³HBMFNFOU�QFSNJT�EF�

TPVNFUUSF�ª�MB�NFTVSF�1*3�MkFOTFNCMF�EFT�GPSNBUT�QPTTJCMFT�EF�DPOUFOBOUT��"�MkBWFOJS�

MF� TJNVMBUFVS� QPVSSB� ´USF� VUJMJT³� QPVS� MF� E³WFMPQQFNFOU� FU� MB� WBMJEBUJPO� EF� DZDMFT� EF�

MZPQIJMJTBUJPO�EkBVUSFT�QSPEVJUT��-FT�FYJHFODFT�GS³RVFNNFOU�S³BDUVBMJT³FT�EFT�BVUPSJU³T�

SFMBUJWFT� BVY� MPHJDJFMT� POU
� QBS� BJMMFVST
� JNQPT³� VOF� BEBQUBUJPO� QFSNBOFOUF� EV�

QSPHSBNNF� EkBQQMJDBUJPO� �JO�MJOF��� &OGJO
� MB� S³BMJTBUJPO� EF� DBMJCSBUJPOT� EZOBNJRVFT� B�

QFSNJT�MB�NJTF�FO�tVWSF�EF�MkBOBMZTF�1*3�TVS�MFT�³DIBOUJMMPOT�FO�NPVWFNFOU�BWFD�MFT�

WJUFTTFT�EF�E³GJMFNFOU�SFRVJTFT��

%FT� JOTQFDUJPOT� �PGG�MJOF��FU� �BU�MJOF��NBOVFMMFT�FU�TFNJ�BVUPNBUJRVFT�EF� MPUT�FOUJFST�

DPNQSFOBOU�EFT�EJ[BJOFT�EF�NJMMJFST�Ek³DIBOUJMMPOT
�POU�³U³�FGGFDUV³FT�BWFD�TVDD²T�TVS�

MB�CBTF�EFT�NPE²MFT�1*3�WBMJE³T��%FT�NPE²MFT�EF�DBMJCSBUJPO�RVBMJUBUJWFT�FU�RVBOUJUBUJGT
�

SFQPTBOU�TVS�MkBOBMZTF�FO�DPNQPTBOUFT�QSJODJQBMFT�	"$1
�FU�MB�S³HSFTTJPO�EFT�NPJOESFT�

DBSS³T�QBSUJFMT�	1-4
�1BSUJBM�-FBTU�4RVBSFT

�POU�³U³�BQQMJRV³T�QVJT�DPNQBS³T�EV�QPJOU�

EF�WVF�EF� MFVST� BWBOUBHFT�FU�EF� MFVST� JODPOW³OJFOUT��"JOTJ� MFT�NPE²MFT�RVBMJUBUJGT� TF�

TPOU�S³W³M³T�QBSUJDVMJ²SFNFOU�BEBQU³T�FO�VTBHF�EF�SPVUJOF��

-FT� S³TVMUBUT� BDDVNVM³T� BV� DPVST� EF� DFUUF� ³UVEF� POU� ³U³� QSJT� FO� DPNQUF� QPVS� VOF�

FTUJNBUJPO�EF�MB�SFOUBCJMJU³�FU�EV�SFUPVS�TVS�JOWFTUJTTFNFOU��"JOTJ
�VO�BNPSUJTTFNFOU�TVS�

NPJOT�EF� EFVY�BOT� QFVU� ´USF� FOWJTBH³
�QMBJEBOU� FO� GBWFVS� EkVOF�NJTF�FO�tVWSF� �JO�

MJOF��EF�DFUUF�UFDIOPMPHJF��

-k³UVEF�EF�GBJTBCJMJU³�BJOTJ�DPVSPOO³F�EF�TVDD²T�TFSWJSB�EF�S³G³SFODF�BVY�QSPKFUT�1"5�

GVUVST
� RVJ� DPODFSOFSPOU� QSJODJQBMFNFOU� EFT� N³EJDBNFOUT� FODPSF� EBOT� VO� TUBEF�

QS³DPDF�EF�MFVS�E³WFMPQQFNFOU�HBM³OJRVF��
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"���*OUSPEVDUJPO�
*O� PSEFS� UP� SBJTF� UIF� DMBJN� PG� DPOUJOVPVTMZ� JNQSPWJOH� UIF� RVBMJUZ� DPOUSPM� BOE� RVBMJUZ�

BTTVSBODF�JO�BO�PQFSBUJOH�FOWJSPONFOU�MBSHFMZ�EPNJOBUFE�CZ�SFHVMBUPSZ�SFRVJSFNFOUT
�

FDPOPNJD�GBDUPST
�BOE�TDJFOUJGJD�SFTFBSDI�UIF�'��)PGGNBOO�-B�3PDIF�-UE��XBT�PQFO�UP�

JOUSPEVDF� UFDIOJDBM� JOOPWBUJPOT� UP� UIFJS� QSPEVDUJPO� FOWJSPONFOU�� 5IJT� TUVEZ� XBT�

DPOEVDUFE�CZ�UIF�(BMFOJDBM�#VML�0QFSBUJPOT�EFQBSUNFOU�MPDBUFE�BU�#BTFM�XJUI�UIF�BJN�

PG� JODSFBTJOH� UIF� QSPEVDUJWJUZ� PG� UIF� MZPQIJMJ[BUJPO� MJOF� BOE� UP� SBJTF� UIF� RVBMJUZ� PG� JUT�

PVUQVU��

5IF�SFTJEVBM�NPJTUVSF�JO�MZPQIJMJ[FE�QSPEVDUT�JT�B�DSJUJDBM�RVBMJUZ�QBSBNFUFS�JOGMVFODJOH�

OPU� POMZ� UIF� QSPEVDU�T� BQQFBSBODF� BOE� TPMVCJMJUZ� CVU� UIF� TIFMG� MJGF� BT� XFMM�� 'PS� UIBU�

SFBTPO� UIF�NPJTUVSF� MJNJUT� BSF� SFHJTUSBUJPO� SFMFWBOU� BOE� UIJT� GFBUVSF� JT� DPOTJEFSFE� JO�

CBUDI�SFMFBTF��

#BTFE�PO�UIFJS�SFTQPOTJCJMJUZ�UPXBSET�QBUJFOUT�BOE�UIFJS�DVTUPNFST�UIF�QIBSNBDFVUJDBM�

JOEVTUSJFT�VUJMJ[F�BMM�UFDIOJDBM�PQUJPOT�UP�GBDF�TBGFUZ�JTTVFT��0OMZ�B�TNBMM�TQPU�DIFDL�XBT�

SFRVJSFE�CZ� UIF�&VSPQFBO�BVUIPSJUJFT� UP�QSPWF� UIF�DPOGPSNJUZ�BOE�UIF�QIBSNBDFVUJDBM�

RVBMJUZ�PG�B�QSPEVDU��*O�PSEFS�UP�DPOUSPM�UIF�QSPEVDUJPO�TUSFBN�BT�CFTU�BT�QPTTJCMF�BOE�

UP� JODSFBTF� UIF� QSPEVDUJWJUZ� B� MPU� PG� TBNQMFT� XFSF� ESBXO� BOE� BOBMZ[FE� JO� DFSUBJO�

JOUFSWBMT��/FWFSUIFMFTT�UIF�UFTU�QSPDFEVSF�TUJMM�SFMJFE�PO�SBOEPN�UFTUJOH
�CFDBVTF�JU�XBT�

VQ�UP�OPX�UIF�POMZ�XBZ�UP�BTTVSF�UIF�RVBMJUZ�PG�UIPVTBOET�PG�QSPEVDUT�QSPEVDFE�JO�B�

EBZ��$MVTUFST�PG�QSPEVDUT�EFWJBUJOH�JO�XBUFS�DPOUFOU�DBVTFE�CZ�NPNFOUBSZ�QSPEVDUJPO�

QSPCMFNT�DPVME�OPU�BMXBZT�CF�EFUFDUFE��"MUIPVHI� UIF�QSPEVDUJPO� JT�TUSJDUMZ�DPOUSPMMFE�

CZ�(.1�HVJEFMJOFT�B�MBUFOU�VODFSUBJOUZ�JT�TUJMM�QSFTFOU�BOE�TUJMM�004�QSPEVDUT�BSF�TPME��

5IJT� DBO� MFBE� UP� IFBMUI� SJTLT� BOE� FYQFOTJWF� QSPEVDU� SFDBMMT� BDDPNQBOJFE� CZ� B�

TVCTUBOUJBM�MPTT�PG�JNBHF��
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"����� 5IF�QSPEVDUJPO�MJOF�

*OJUJBMMZ�HMBTT�WJBMT�XFSF�XBTIFE
�UIFO�TUFSJMJ[FE�JO�B�IFBUJOH�UVOOFM�BOE�USBOTGFSSFE�JOUP�

UIF� TUFSJMF� SPPN�� 5IF� CPUUMFT� XFSF� GJMMFE� XJUI� UIF� QSPEVDU� TPMVUJPO� BOE� BGUFSXBSET�

TQFDJBM�TUPQQFST�XFSF�QVU�PO� UIF�CPUUMFOFDL��5IFTF�TUPQQFST�IBE�B�TJEF�PQFOJOH�BOE�

UXP�SBTUFST��5IF�GJSTU�SBTUFS�BMMPXFE�UP�GJY�UIF�TUPQQFS�PO�UIF�WJBM�XJUIPVU�DPWFSJOH�UIF�

PQFOJOH�DPNQMFUFMZ��

"GUFS� GJMMJOH� UIF� WJBMT�XFSF�BVUPNBUJDBMMZ�HBUIFSFE�VQPO� USBZT� BOE� UIFO� USBOTGFSSFE� UP�

POF�PG�UIF�GPVS�GSFF[F�ESZFST��5IF�MZPQIJMJ[BUJPO�QSPDFEVSF�XBT�GPMMPXFE�CZ�UFNQFSBUVSF�

BOE�DPOEVDUJWJUZ�QSPCFT�QPTJUJPOFE�JO�TPNF�WJBMT�JO�DSJUJDBM�BSFBT��5IF�

WBDVVN�JO�UIF�DBCJOFU�XBT�CSPLFO�XJUI�QVSF�OJUSPHFO�PODF�UIF�FOUJSF�

ESZJOH�DZDMF�XBT�DPNQMFUFE��*O�B�GJSTU�TUFQ�UIF�QSFTTVSF�XBT�SBJTFE�VQ�

UP� ���� NCBS� BOE� UIF� TIFMWFT� XFSF� NPWFE� VQ� JO� PSEFS� UP� QVTI� UIF�

TUPQQFST�JOUP�UIF�CPUUMF�OFDL
�BOE�DMPTF�UIF�WJBMT�DPNQMFUFMZ��5IFO�UIF�

DBCJOFU� QSFTTVSF�XBT� CBMBODFE� UP� BUNPTQIFSJD� QSFTTVSF�� %VF� UP� UIF�

QSFTTVSF�HSBEJFOU�GSPN�UIF�PVUTJEF�UP�UIF�JOTJEF
�UIF�WJBMT�XFSF�TFBMFE�

WFSZ� UJHIUMZ�� 5IF� USBZT� XFSF� VOMPBEFE� GSPN� UIF� ESZFST� BOE� DSJNQFE�

EJSFDUMZ��"T� B� MBTU� TUFQ
� UIF� WJBMT�XFSF� FJUIFS� DPOUSPMMFE� WJTVBMMZ� CZ� PQFSBUPST� PS� BGUFS�

CFJOH�XBTIFE�JOTQFDUFE�PQUJDBMMZ�CZ�BO�BVUPNBUFE�DBNFSB�TZTUFN�UP�EFUFDU�EFGFDUT�PG�

UIF�DSJNQJOH
�UIF�HMBTT�PS�UIF�DBLF�BQQFBSBODF��

"����� 2VBMJUZ�DPOUSPM�

6OEFS�SPVUJOF�DPOEJUJPOT�UISFF�TBNQMFT�QFS�ESZFS�XFSF�ESBXO�BOE�TFOU�UP�UIF�2VBMJUZ�

$POUSPM�	2$
�EFQBSUNFOU��5IF�MFHBMMZ�SFHJTUFSFE�BOBMZTJT�NFUIPE�GPS�SFTJEVBM�NPJTUVSF�

EFUFSNJOBUJPO�JO�MZPQIJMJ[BUFT�XBT�UIF�XJEFMZ�VTFE�WPMVNFUSJD�,BSM�'JTDIFS�	,'
�UJUSBUJPO��

5IF�BWFSBHF� SFTVMU� PG� UIF� UISFF� TBNQMFT�XBT� DPOTJEFSFE�BT� UIF� SFMFBTF�WBMVF� GPS� UIF�

FOUJSF�MPU��

)JHI� DPTUT� JODVSSFE� BT� UIJT� NFUIPE� XBT� UJNF� DPOTVNJOH
� TBNQMF� EFTUSVDUJWF
� BOE�

SFRVJSFE� FOWJSPONFOU� QPMMVUJOH� SFBHFOUT�� %FQFOEJOH� PO� UIF� QSPEVDU� UIF� 2$�

EFQBSUNFOU�JOWPJDFE�QFS�CBUDI�SFMFBTF�CFUXFFO����UP�����NJOVUFT��"MSFBEZ�TPNF�ZFBST�

BHP� UIJT� GBDU� JOEVDFE� B� DIBOHF� SFRVFTU� GPS� UIF�NPTU� GSFRVFOU� QSPEVDU� BU� UIBU� UJNF��

'VSUIFSNPSF� B� OPO�EFTUSVDUJWF� OFBS�JOGSBSFE� 	/*3
� EFUFSNJOBUJPO� XJUI� B� MBCPSBUPSZ�
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HSBUJOH� TQFDUSPNFUFS� XBT� SFHJTUFSFE� BT� PGGJDJBM� SFMFBTF� NFUIPE�� &YDMVEJOH� BOZ�

QSFQBSBUJWF� TUFQ
� POF�NFBTVSFNFOU� UPPL� OP�NPSF� UIBO� POF�NJOVUF� BOE� SFEVDFE� UIF�

DPTUT�CZ�UXP�UIJSET��

0DDBTJPOBMMZ
� PVU� PG� TQFDJGJDBUJPO� 	004
� WJBMT�XFSF� EFUFDUFE��"QQBSFOUMZ� TPNF�PG� UIF�

UIPVTBOET�PG�WJBMT� JO�FBDI�ESZFS� MPBE�HPU�TIVU�CFUXFFO�UIFJS�OFJHICPST� MFBEJOH�UP�BO�

JOTVGGJDJFOU� TIFMG� DPOUBDU� BOE� UIFSFCZ� B� XPSTF� UIFSNBM� DPOEVDUJWJUZ�� 5IJT� DBVTFE�

VOTBUJTGBDUPSZ�ESZJOH�SFTVMUT� GPS� SBSF�FYDFQUJPOT� JO�DPNQBSJTPO�UP� UIF� UPUBM�OVNCFS�PG�

WJBMT�� 4PNF� VOTVDDFTTGVM� TUVEJFT� XFSF� DPOEVDUFE� UP� SFQSPEVDF� TVDI� TVQQPTFE�

QIFOPNFOB��%VF�UP�OBUVSBM�QSPDFTT�WBSJBUJPOT�EJGGFSFODFT�JO�XBUFS�DPOUFOU�PG�UIF�FOE�

QSPEVDU�TFFNFE� UP�CF�VOBWPJEBCMF��5XP� SFTVMUJOH�TDFOBSJPT�XFSF�QPTTJCMF��&JUIFS� UIF�

PVUMJFST�XFSF�OPU�EFUFDUFE
�CVU�EFMJWFSFE�XJUI�UIF�SFTU�PG�UIF�DPNQMJBOU�QSPEVDU�CFBSJOH�

QPUFOUJBM� IFBMUI� SJTLT� BOE� FYQFOTJWF� QSPEVDU� SFDBMMT�� 0S� UIF� XIPMF� CBUDI� IBE� UP� CF�

EFTUSPZFE� EVF� UP� UIF� CBE� SFTVMUT� PG� UIF� PVUMJFST� CFJOH� SBOEPNMZ� TBNQMFE�� 5IF� MBUUFS�

DBVTFE�FRVBMMZ�B�IJHI�MPTT�PG�NPOFZ
�B�EFDSFBTF�PG�UIF�TFSWJDF�MFWFM
�BOE�BO�JODSFBTF�PG�

UIF�XPSLMPBE�GPS�UIF�QSPEVDUJPO�TUBGG��

5IF� BJN� XBT� UP� QSFWFOU� CPUI� TDFOBSJPT�� UIF� EFMJWFSZ� PG� BOZ� 004� WJBM� BOE� UIF�

EFTUSVDUJPO�PG� BO�FOUJSF� CBUDI��0CWJPVTMZ� UIF� OBSSPX� SBOEPN� TBNQMJOH� EJE�OPU� SFBMMZ�

BMMPX�B�WBMVBCMF�FWBMVBUJPO�GPS�B�SFQSFTFOUBUJWF�CBUDI�BWFSBHF��

"�UPUBM�JO�MJOF�JOTQFDUJPO�PG�UIF�DSJNQFE�QSPEVDU�JOTUFBE
�XPVME�PGGFS�UIF�PQQPSUVOJUZ�UP�

DIFDL�UIF�CBUDI�GPS�004�WJBMT�BOE�UP�SFKFDU�UIFN�TJNVMUBOFPVTMZ��#Z�UIJT�XBZ�JU�DPVME�

CF�HVBSBOUFFE�UIBU�UIF�SFNBJOJOH�BOE�GJOBMMZ�EFMJWFSFE�DIBSHF�NFFUT�UIF�TQFDJGJDBUJPOT��

5IJT�DPVME�POMZ�CF�QFSGPSNFE�CZ�B�OPO�JOWBTJWF
�OPO�EFTUSVDUJWF
�BOE�UIFSFCZ�QSFDJTF�

BOE�SFMJBCMF�NFUIPE��

/FBS�JOGSBSFE�BOBMZTJT�	/*3"
�GVMGJMMT�UIFTF�SFRVJSFNFOUT�TJODF�/*3�SBEJBUJPO�QFOFUSBUFT�

HMBTT�BOE�OP�GVSUIFS�TBNQMF�QSFQBSBUJPO�MJLF�EJMVUJPO�JT�OFDFTTBSZ��5IF�GFBTJCJMJUZ�PG�UIJT�

EFUFSNJOBUJPO�PO�B�MBCPSBUPSZ�TDBMF�DPODFSOJOH�POF�QSPEVDU�XBT�BMSFBEZ�QSPWFO��

8JUI� SFHBSE� UP�B�QSPDFTT�BOBMZUJDBM� UFDIOPMPHZ� 	1"5

� JU�IBE� UP�CF�EFNPOTUSBUFE� UIBU�

UIF�/*3�NFBTVSFNFOU�XBT� BMTP� GFBTJCMF� GPS� UIF� PUIFS�QSPEVDUT� PG� UIF�EFQBSUNFOU� BT�

XFMM��*O�UIF�GPMMPXJOH�DIBQUFST�POMZ�UIF�TZOPOZNT�PG�UIF�QSPEVDUTk�OBNFT�HJWFO�JO�5BCMF�

"���XFSF�VTFE��5P�BMMPX�BO�JO�MJOF�NFBTVSFNFOU�XJUIPVU�TMPXJOH�EPXO�UIF�QSPEVDUJPO�
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MJOF�T� TQFFE
� NVDI� IJHIFS� NFBTVSFNFOU� WFMPDJUJFT� XPVME� CF� SFRVJSFE� UIBO� JO� UIF�

MBCPSBUPSZ�BQQMJDBUJPO��(JWFO�UIBU�UIF�MJOF�T�NBYJNVN�TQFFE�XBT�����WJBMT�QFS�NJOVUF�

BOE� UIF� BVUPNBUFE� BOBMZ[FS� TIPVME� CF� JOUFHSBUFE� EJSFDUMZ� CFIJOE� UIF� DSJNQJOH�

NBDIJOF
� UIF� QFSGPSNBODF� JO� TQFFE� BOE� BDDVSBDZ� PG�/*3"� IBE� UP� CF� FWBMVBUFE�� 'PS�

TFDVSJUZ�SFBTPOT�B�GVSUIFS�NBSHJO�PG�BCPVU������XBT�BEEFE�UP� UIF�NBYJNVN�WFMPDJUZ��

"DDPSEJOHMZ� B� TQFDUSPNFUFS� BCMF� UP� QFSGPSN� �� BDDVSBUF� TBNQMF� BOBMZTFT� QFS� TFDPOE�

IBE�UP�CF�JEFOUJGJFE��

4ZOPOZN�
�

1SPEVDU�"�
�

1SPEVDU�#�
�

1SPEVDU�$�
	DPPMJOH�QSPEVDU
�

1SPEVDU�%�
�

%FTDSJQUJPO� OPO�TUFSPJEBM
�
BOBMHFTJD
�BOUJ�
JOGMBNNBUPSZ�
BHFOU�

BOUJWJSBM�GVTJPO�
JOIJCJUPS�

NPOPDMPOBM�
BOUJCPEZ�GPS�
DBODFS�UIFSBQZ�

BOUJWJSBM�BHFOU�

%PTBHF�<NH>� ��� ��� ��� ���� ���� ����

5BSHFU�GJMM�NBTT�<NH>�
	BOIZESPVT
� ���� ���� ���� ���� ���� ����

.BY��XBUFS�DPOUFOU� ���� ���� ���� ����

7JBM�EJBNFUFS�<NN>� ������ ������ ����� ����� �����

.BY��TUSFBN�WFMPDJUZ�
<PCKFDUT���NJO>� ���� ���� ���� ��� ����

-PU�TJ[F� ��
���� ��
���� ��
���� �
���� ��
����

Table A-1: Attributes and registered values of the freeze-dried products in question.  

Product C 400 mg and Product D were either under development or revalidation and were 

just mentioned for completeness. 

5P�DBMJCSBUF�B�RVBOUJUBUJWF�PS�RVBMJUBUJWF�/*3�NPEFM�NVDI�QSFQBSBUPSZ�XPSL�IBE�UP�CF�

DPOEVDUFE��"�SFGFSFODF�NFUIPE�XBT�OFFEFE�UP�QSPWJEF�UIF�BDUVBM�WBMVFT�JO�SFMBUJPO�UP�

UIF� BDRVJSFE� TQFDUSB�� 0CWJPVTMZ� UIJT� XPSL� DPVME� OPU� CF� EPOF� JO� BO� PQFSBUJWF� BSFB��

PUIFSXJTF�UIF�XIPMF�QSPEVDUJPO�XPVME�CF�JOUFSSVQUFE��4VCTFRVFOUMZ�TVDI�BO�BQQBSBUVT�

IBE�UP�CF�NBJOUBJOFE�JO�B�MBCPSBUPSZ�BOE�UIFO�USBOTGFSSFE�UP�UIF�JO�MJOF�BQQMJDBUJPO��

5IF� GJOBM�EFDJTJPO�BCPVU� UIF� SFBMJ[BUJPO�PG� UIF�1"5�QSPKFDU�TIPVME�CF�DPOTJEFSFE�XJUI�

SFHBSE�UP�GJOBODJBM�BTQFDUT��



�

� ���

&KDSWHU�%��7KHRUHWLFDO�EDFNJURXQG�

#���3FHVMBUPSZ�DPOUFYU�
1IBSNBDFVUJDBMT�BSF�QSPEVDUT� UIBU�OFFE� UP�DPNQMZ�XJUI�IJHIFTU�EFNBOET� JO� UFSNT�PG�

RVBMJUZ
� FGGJDBDZ� BOE� TBGFUZ�� *O� UIF� MBTU� EFDBEFT� UIF� QIBSNBDFVUJDBM� RVBMJUZ� TZTUFNT�

XFOU�UISPVHI�B�HSFBU�EFWFMPQNFOU��5IF�ESJWFS�PG�UIJT�QSPDFTT�XBT�UP�B�IJHI�FYUFOE�UIF�

CPEZ�PG�D(Y1�SVMFT�BOE�SFHVMBUJPOT
�B�DPMMFDUJWF�UFSN�GPS�DVSSFOU�(PPE�.BOVGBDUVSJOH
�

-BCPSBUPSZ�BOE�$MJOJDBM�1SBDUJDFT��

"T� UIFTF� SFHVMBUJPOT� BSF� CJOEJOH� SFRVJSFNFOUT� GPS� BOZ� OFX� JOTUBMMBUJPO� JO� B�

QIBSNBDFVUJDBM� QSPEVDUJPO� FTQFDJBMMZ� UIF�(.1� TIPVME� CF� QSFTFOUFE� TUSVDUVSBMMZ� BOE�

UFYUVBMMZ�DPODFSOJOH�/*3�TQFDUSPTDPQZ��

5IF� BQQMJDBUJPO� PG� UIFTF� SVMFT� JT� SFHVMBSMZ� WFSJGJFE� CZ� UIF� BENJOJTUSBUJWF� BVUIPSJUJFT��

'SPN�UIF�QPJOU�PG�WJFX�PG�BO�JOUFSOBUJPOBMMZ�PQFSBUJOH�4XJTT�QIBSNBDFVUJDBMT�DPNQBOZ�

FTQFDJBMMZ� UIF� 4XJTTNFEJD
� UIF� 6�4�� "NFSJDBO� 'PPE� BOE� %SVH� "ENJOJTUSBUJPO� 	'%"

�

BOE�UIF�&VSPQFBO�.FEJDJOFT�&WBMVBUJPO�"HFODZ�	&.&"
�BSF�PG�SFMFWBODF��5IF�BQQMJFE�

TUBOEBSET� GPS� UIF� JOTQFDUJPOT� BSF� PSJFOUFE� BU� UIF� �CFTU� QSBDUJDFT�� PG� UIF� DPNQFUJUPST
�

BOE�UIF�UFDIOPMPHJDBM�QSPHSFTT��

#����� $VSSFOU�(PPE�.BOVGBDUVSJOH�1SBDUJDF�	D(.1
�

*O�PSEFS�UP�FOTVSF�UIF�RVBMJUZ�PG�NFEJDJOFT
�WBSJPVT�QIBSNBDPQPFJBT�QSPWJEF�HVJEFMJOFT�

DPODFSOJOH� UIF� EFWFMPQNFOU
� QSPEVDUJPO
� TUPSBHF
� BOE� BOBMZUJDT� PG� NFEJDBM��

QSPEVDUT�
� ���	��
	���

�5IFTF�HVJEFMJOFT�BSF�PG�B�TUBUVUPSZ�OBUVSF�BOE�FOTVSF�VOJGPSN�RVBMJUZ�PG�

NFEJDJOFT�BOE�UFTU�NFUIPET��

*O� ����� UIF� 8PSME� )FBMUI� 0SHBOJ[BUJPO� 	8)0
� QVCMJTIFE� GPS� UIF� GJSTU� UJNF� CBTJD�

QSJODJQMFT� PG� BO� BEWJTPSZ� OBUVSF
�
� GPS� HPPE� QSBDUJDF� JO� UIF� NBOVGBDUVSF� BOE� RVBMJUZ�

DPOUSPM�PG�ESVHT�XJUI�UIF�BJN�PG�JNQSPWJOH�UIF�RVBMJUZ�PG�NFEJDJOFT�


�4JODF�UIFO
�WBSJPVT�

PSHBOJ[BUJPOT
�	�������

�IBWF�QVCMJTIFE�BEEJUJPOBM
�JO�TPNF�DBTFT�FYQBOEFE�QSJODJQMFT��5IFTF�
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D(Y1� HVJEFMJOFT� BSF� OPX� NBOEBUPSZ� GPS� QIBSNBDFVUJDBMT� NBOVGBDUVSFST�� 'JHVSF� #���

JMMVTUSBUFT�UIF�HFPHSBQIJD�TDPQF�PG�(.1�HVJEFMJOFT��

  
     Europe:

USA:

GMP

Japan:

GMP

EC-GMP

National GMP

PIC(S)-GMP

�

Figure B-1: Overview of relevant GMP guidelines. GMP = Good Manufacturing Practices,  

EC = European Community, PIC = Pharmaceutical Inspection Convention, and its successor 

organization PICS = Pharmaceutical Inspection Cooperation Scheme. 

"MM� (.1� HVJEFMJOFT� BSF� CBTFE� PO� QIBSNBDFVUJDBM� RVBMJUZ� CZ� QSJPS� WFSJGJDBUJPO� PG� UIF�

DPSSFDU� GVODUJPOJOH� PG� FRVJQNFOU� 	RVBMJGJDBUJPO
� BOE� NBOVGBDUVSJOH� NFUIPET�

	WBMJEBUJPO
��5IF�UFSN�RVBMJGJDBUJPO�IFSF�NFBOT�QSPPG�PG�DPSSFDU�PQFSBUJPO�PG�FRVJQNFOU�

BOE� BQQBSBUVT�� *O� BDDPSEBODF� XJUI� &$� �� 1*$� (.1� HVJEFMJOFT
� WBMJEBUJPO� JT� HFOFSBMMZ�

UBLFO� UP� NFBO� QSPWJTJPO� PG� QSPPG� UIBU� NFUIPET
� QSPDFEVSFT� BOE� QSPDFTTFT� UPHFUIFS�

XJUI�UIF�QIZTJDBM�GBDJMJUJFT�OFDFTTBSZ�GPS�UIJT�QVSQPTF�BDUVBMMZ�HJWF�SJTF�UP�UIF�FYQFDUFE�

SFTVMUT�
�
�#Z�SJHIUT
�WBMJEBUJPO�NBZ�POMZ�CF�QFSGPSNFE�PO�QSFWJPVTMZ�RVBMJGJFE�FRVJQNFOU��

)PXFWFS
� DBSF� NVTU� CF� UBLFO� JO� RVBMJUZ� BTTVSBODF� UIBU� WBMJEBUJPO� BOE� RVBMJGJDBUJPO�

QSPDFTTFT� EP� OPU� HFOFSBUF� DPTUT� XIJDI� FYDFFE� UIF� CFOFGJU� PG� UIF�NJOJNJ[FE� SJTL� PG�

FSSPS�
� �
�

5IF� *OUFSOBUJPOBM� $POGFSFODF� JO� )BSNPOJ[BUJPO� PG� 5FDIOJDBM� 3FRVJSFNFOUT� GPS�

3FHJTUSBUJPO� PG� 1IBSNBDFVUJDBMT� GPS� )VNBO� 6TF� 	*$)
� GPVOEFE� JO� ����� JT� B� VOJRVF�

QSPKFDU� UIBU� CSJOHT� UPHFUIFS� UIF� SFHVMBUPSZ� BVUIPSJUJFT� BOE� FYQFSUT� GSPN� UIF�

QIBSNBDFVUJDBM� JOEVTUSZ�PG� &VSPQF
� +BQBO�BOE� UIF�6OJUFE� 4UBUFT� UP� EJTDVTT� TDJFOUJGJD�

BOE� UFDIOJDBM� BTQFDUT� PG� QSPEVDU� SFHJTUSBUJPO�� 5IF� QVSQPTF� JT� UP� NBLF�

SFDPNNFOEBUJPOT�PO�XBZT�UP�BDIJFWF�HSFBUFS�IBSNPOJ[BUJPO� JO� UIF� JOUFSQSFUBUJPO�BOE�

BQQMJDBUJPO�PG�UFDIOJDBM�HVJEFMJOFT�BOE�SFRVJSFNFOUT�GPS�QSPEVDU�SFHJTUSBUJPO�JO�PSEFS�UP�

SFEVDF�PS�PCWJBUF�UIF�OFFE�UP�EVQMJDBUF�UIF�UFTUJOH�DBSSJFE�PVU�EVSJOH�UIF�SFTFBSDI�BOE�
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EFWFMPQNFOU� PG� OFX� NFEJDJOFT�� 5IF� PCKFDUJWF� PG� TVDI� IBSNPOJ[BUJPO� JT� B� NPSF�

FDPOPNJDBM� VTF� PG� IVNBO
� BOJNBM
� BOE� NBUFSJBM� SFTPVSDFT
� BOE� UIF� FMJNJOBUJPO� PG�

VOOFDFTTBSZ� EFMBZ� JO� UIF� HMPCBM� EFWFMPQNFOU� BOE� BWBJMBCJMJUZ� PG� OFX� NFEJDJOFT�� *O�

NFBOUJNF� TBGFHVBSET� PO� RVBMJUZ
� TBGFUZ� BOE� FGGJDBDZ
� BOE� SFHVMBUPSZ� PCMJHBUJPOT� UP�

QSPUFDU�QVCMJD�IFBMUI�TIPVME�CF�NBJOUBJOFE�
�
�

#�������7BMJEBUJPO�PG�BOBMZUJDBM�NFUIPET�

5IF� WBMJEBUJPO� PG� BOBMZUJDBM�NFUIPET� JT� B� DPNQMFY� UFDIOJDBM�NBUUFS� PG� DPOGJSNJOH� UIF�

USVTUXPSUIJOFTT� PG� UIF�NFUIPE��7BMJEBUJPO� FOTVSFT� UIBU
� VOEFS� SPVUJOF� DPOEJUJPOT
� UIF�

NFUIPE� ZJFMET� QSFEJDUJWF
� SFQSPEVDJCMF
� BOE� BDDVSBUF� SFTVMUT�� %FQFOEJOH� PO� UIF�

BQQMJDBUJPO� PG� UIF� BOBMZUJDBM� NFUIPE� UIF� QBSBNFUFST� JOEJDBUFE� JO� UIF� GPMMPXJOH� UBCMF�

NVTU�CF�UBLFO�JOUP�BDDPVOU��

1BSBNFUFS� %FGJOJUJPO�

"DDVSBDZ� %FUFSNJOBUJPO�PG�UIF�EFWJBUJPO�GSPN�UIF�USVF�WBMVF�

1SFDJTJPO� "�NFBTVSF�PG�UIF�EFHSFF�PG�SFQSPEVDJCJMJUZ��.BUIFNBUJDBMMZ
�QSFDJTJPO�JT�
FYQSFTTFE�CZ�UIF�TUBOEBSE�EFWJBUJPO�PG�B�OVNCFS�PG�NFBTVSFNFOUT�

-JOFBSJUZ� 1SPQPSUJPOBMJUZ�CFUXFFO�NFBTVSFNFOU�SFTVMU�BOE�RVBOUJUZ�PG�TVCTUBODF�

3PCVTUOFTT� 4VTDFQUJCJMJUZ�PG�GBJMVSF�PS�SFTJTUBODF�UP�PVUTJEF�JOGMVFODFT�BOE�DIBOHFT�UP�
NFBTVSFNFOU�QBSBNFUFST�

4QFDJGJDJUZ� "O�JOEJDBUJPO�PG�UIF�FYUFOE�UP�XIJDI�UIF�NFUIPE�VTFE�JT�DBQBCMF�UP�EJTUJOHVJTI�
UIF�DPNQPVOE�UP�CF�EFUFDUFE�BOE�PUIFS�DPOTUJUVFOUT�

%FUFDUJPO�MJNJU� 5IF�TNBMMFTU�TJHOBM�UIBU�DBO�TUJMM�CF�EFUFDUFE�XJUI�BEFRVBUF�SFMJBCJMJUZ�

-JNJU�PG�RVBOUJGJDBUJPO� 5IF�TNBMMFTU�RVBOUJUZ�PG�UIF�TVCTUBODF�UP�CF�EFUFSNJOFE�UIBU�DBO�TUJMM�CF�
RVBOUJUBUJWFMZ�EFUFDUFE�XJUI�BEFRVBUF�BDDVSBDZ�BOE�QSFDJTJPO�

Table B-1: Parameters used to evaluate analytical methods.
�������

 

5IF�BDDFQUBODF�DSJUFSJB� GPS� WBMJEBUJPO�PG� B�NFUIPE� TIPVME�CF� TQFDJGJFE� JO�BEWBODF� JO�

BDDPSEBODF�XJUI�DVSSFOU�QSBDUJDF��%FUBJMT�PG�BDUVBM�JOUFSOBUJPOBM�DSJUFSJB�BSF�HJWFO�JO�UIF�

SFGFSFODFT�
� �
�

#�������2VBMJGJDBUJPO�PG�BOBMZUJDBM�BQQBSBUVT�
2VBMJGJFE� MBCPSBUPSZ� BQQBSBUVT� NVTU� CF� VTFE� UP� WBMJEBUF� BOBMZUJDBM� NFUIPET�� 5IF�

QVSQPTF� PG� RVBMJGZJOH� BOBMZUJDBM� BQQBSBUVT� JT� UP� UFTU� BOE� HVBSBOUFF� UIF� QSPQFS�

GVODUJPOJOH� PG� UIF� BQQBSBUVT� CZ� NFBOT� PG� BQQSPQSJBUF� UFTUJOH�� %FQFOEJOH� PO� UIF�

QSJODJQMF�PG�NFBTVSFNFOU�	F�H��67���7*4

�UIF�QIBSNBDPQPFJBT�TUBUF�MJNJUT�XIJDI�NVTU�

CF�BDIJFWFE��
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/FX�QVSDIBTFT� BOE�EFWFMPQNFOU�PG� JOTUSVNFOUT� TIPVME� QSPDFFE� JO� BDDPSEBODF�XJUI�

UIF�7�NPEFM�
�
�4VCTFRVFOU� SPVUJOF�DPOEJUJPOT�EFUFSNJOF�VTFS� SFRVJSFNFOUT
�XIJDI�BSF�

UIFO� VTFE� UP� EFGJOF� TZTUFN� TQFDJGJDBUJPOT� BOE� UIF� UFDIOJDBM� EFTJHO�� %FTJHO�

RVBMJGJDBUJPO�QSPWJEFT�QSPPG�UIBU�UIF�TZTUFN�IBT�CFFO�QMBOOFE�JO�BDDPSEBODF�XJUI�VTFS�

SFRVJSFNFOUT� BOE� XJUI� SFMFWBOU� TUBOEBSET�� 6TFS� BOE� TVQQMJFS� PGUFO� BHSFF� B�

QFSGPSNBODF�TQFDJGJDBUJPO�GPS�UIJT�QVSQPTF��"GUFS�QVSDIBTF�PS�EFWFMPQNFOU
�JOTUBMMBUJPO�

RVBMJGJDBUJPO�JT�QFSGPSNFE��5IJT�JT�UBLFO�UP�NFBO�EPDVNFOUFE�QSPPG�UIBU�UIF�TZTUFN�JO�

RVFTUJPO�IBT�CFFO�EFMJWFSFE�JO�JUT�FOUJSFUZ�BOE�DPSSFDUMZ�JOTUBMMFE��1SPQFS�GVODUJPOJOH�PG�

UIF�BQQBSBUVT�JT�FOTVSFE�JO�UIF�DPOUFYU�PG�PQFSBUJPOBM�RVBMJGJDBUJPO
�XIJMF�QFSGPSNBODF�

RVBMJGJDBUJPO� QSPWJEFT� QSPPG� UIBU� UIF� DPSSFTQPOEJOH� BQQBSBUVT� PQFSBUFT� BDDPSEJOH� UP�

QMBO�JO�SPVUJOF�VTF��
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Figure B-2: V-model for the purchase and development of analytical devices. The terms are 

defined in the accompanying text. 

#�������$PNQVUFSJ[FE�TZTUFN�WBMJEBUJPO�

/PXBEBZT
� DPNQVUFS� TZTUFNT� BSF� VTFE� JO� WJSUVBMMZ� FWFSZ� BSFB� PG� B� QIBSNBDFVUJDBM�

DPNQBOZ�� 5IF�BVUIPSJUJFT� SFRVJSF� WBMJEBUJPO� GPS�BMM� TZTUFNT� JO� BSFBT� SFMFWBOU� UP�(.1
�

TVDI�BT�QSPDFTT�DPOUSPM�PS�MBCPSBUPSZ�EBUB�BDRVJTJUJPO��5IF�FGGPSU�JOWPMWFE�JO�WBMJEBUJPO�

JT�EFUFSNJOFE�CZ�UIF�OBUVSF�PG�UIF�TPGUXBSF�VTFE��8IJMF�VONPEJGJFE�TUBOEBSE�TPGUXBSF�

QBDLBHFT�XIJDI� IBWF� CFFO� USJFE� BOE� UFTUFE� CZ� DPNNPO� VTF� SFRVJSF� MJUUMF� WBMJEBUJPO�

FGGPSU
�NPSF�JT�SFRVJSFE�GPS�DVTUPNJ[FE�PS�DMJFOU�DPOGJHVSBCMF�TPGUXBSF��%FWFMPQNFOU�PG�

B� DVTUPNFS� TQFDJGJD� TPGUXBSF� QBDLBHF� EFNBOET� UIF� HSFBUFTU� WBMJEBUJPO� FYUFOE��
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&TQFDJBMMZ�JO�OFXMZ�EFWFMPQFE�QSPHSBNT
�WBMJEBUJPO�TIPVME�CF�TFFO�BT�BO�BMM�FNCSBDJOH�

RVBMJUZ� BTTVSBODF� BQQSPBDI� BOE� JT� BMTP� QFSGPSNFE� JO� BDDPSEBODF� XJUI� UIF� 7� NPEFM�

TIPXO�JO�'JHVSF�#����

#����� 1SPDFTT�BOBMZUJDBM�UFDIOPMPHZ�

"T� EFNPOTUSBUFE� BCPWF
� UIF� QIBSNBDFVUJDBM� JOEVTUSZ� NBOVGBDUVSJOH� TFDUPS� JT� IJHIMZ�

SFHVMBUFE� BOE� UIF� SFTQPOTJCMF� BVUIPSJUJFT� EFNBOE� SFWJFX� BOE� BQQSPWBM� PG� QSPDFTT
�

EPDVNFOUBUJPO
� BOE� GBDJMJUZ� QSJPS� UP� PGGJDJBM� BQQSPWBM� PG� BOZ� GBDJMJUZ� PS� QSPEVDU��

4VCTFRVFOU� QSPDFTT� DIBOHFT� PGUFO� SFRVJSF� B� OFX� SFWJFX� BOE� BQQSPWBM� CFGPSF�

JOTUJUVUJPO�� 5IVT� FWFO� UIF� POHPJOH�NBOVGBDUVSJOH� QSPDFTT� JT� DPOUJOVPVTMZ� TVCKFDU� UP�

JOTQFDUJPO� BOE�(.1� TUBOEBSET� DPOGPSNBODF��0O� UIF� PUIFS� IBOE�(.1�TUBOEBSET�BSF�

NPTUMZ�FNQJSJDBM
�BOE�OPU�TDJFODF�CBTFE��5IJT�TZTUFN�FWPMWFE�BCPVU���������ZFBST�BHP
�

XIFO�UIF�EJGGFSFOU�TFDUPST�PG�JOEVTUSZ�MBDLFE�SJHPSPVT�401T��

/FWFSUIFMFTT
� NBOVGBDUVSFST� PCTFSWF� BO� JODSFBTJOH� USFOE� UPXBSE� NBOVGBDUVSJOH�

SFMBUFE�QSPCMFNT��3FDBMMT
�EJTSVQUJPO�PG�NBOVGBDUVSJOH�PQFSBUJPOT
�MPTT�PG�BWBJMBCJMJUZ�PG�

FTTFOUJBM�ESVHT
�OFHBUJWF� JNQBDU�PO�OFX�ESVH�BQQSPWBMT
�BOE� MPX�NBOVGBDUVSJOH�BOE�

2VBMJUZ� "TTVSBODF� 	2"
� QSPDFTT� FGGJDJFODZ� BSF� UIF� DPOTFRVFODFT�� *O� DPNCJOBUJPO� BMM�

UIJT� FOET�VQ� JO�B� MPTT�PG� JNBHF�BOE� UP� JODSFBTFE�DPTU� JNQMJDBUJPOT�� 5IF�QFSGPSNBODF�

FYQFDUBUJPOT�LFFQ�PO�CFJOH�VONFU��8IJMF�VUJMJ[BUJPO�MFWFMT�EFDSFBTF�UP������PS�MFTT�����

�����PG�UIF�QSPEVDUT�BSF�TDSBQQFE�BOE�OFFE�UP�CF�SFXPSLFE
�BOE�UIF�DPTUT�PG�RVBMJUZ�JT�

JO�FYDFTT�PG�������

%VSJOH�UIF�MBTU�ZFBST
�JOOPWBUJPO�BOE�NPEFSOJ[BUJPO�FOBCMFE�B�UFDIOJDBM�QSPHSFTT�PO�B�

MBSHF� TDBMF�PG� BQQMJDBUJPO�BSFBT
�F�H�� JO� JOGPSNBUJPO�TDJFODF��#VU� UIF� UFDIOPMPHJFT�EJE�

OPU� FWPMWF� BT� RVJDLMZ� JO� QIBSNBDFVUJDBM� JOEVTUSZ� BT� JO� PUIFS� TFDUPST� BOE� UIF� IJHI�

SFHVMBUJPO�TMPXFE�EPXO�UIF�BEPQUJPO�PG�OFX�UFDIOPMPHJFT��

4JHOJGJDBOU� QPUFOUJBM� BOE� OFFET� FYJTU� UP� JNQSPWF� UIF� FGGJDJFODZ� PG� QIBSNBDFVUJDBM�

NBOVGBDUVSJOH� BOE� SFMBUFE� SFHVMBUPSZ� QSPDFTTFT�� 5IF� UFDIOPMPHJDBM� PQQPSUVOJUJFT� BSF�

BWBJMBCMF� UP� BDIJFWF� UIJT� QPUFOUJBM� BOE� UIF� JOEVTUSZ� JT� SFMVDUBOU� UP� UBLF� BEWBOUBHF� PG�

TVDI�PQQPSUVOJUJFT��
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0OF� BQQSPBDI� GPS� NPEFSO� QSPDFTT� NBOBHFNFOU� BOE� JNQSPWFNFOU� JT� UIF� 4JY� 4JHNB�

DPODFQU� BT� B� UPPM� UP� BDIJFWF� UPUBM� RVBMJUZ�� "GUFS� WFSZ� TVDDFTTGVM� BQQMJDBUJPO� JO�

DPNQBOJFT�TVDI�BT�(FOFSBM�&MFDUSJD
�.PUPSPMB
�BOE�#PFJOH
�4JY�4JHNB�CFDBNF�XJEFMZ�

LOPXO�BT�B�UPPM�UP�JODSFBTF�QSPEVDUJWJUZ�BOE�DPTU�FGGFDUJWFOFTT�JO�B�HMPCBM�DPNQFUJUJWF�

FOWJSPONFOU��4JY�4JHNB�JT�B�TUSBUFHZ�PG�B�DPNQBOZ�XJEF�QSPDFTT�PQUJNJ[BUJPO�BMMPXJOH�

OP�NPSF� UIBO�����FSSPST�QFS�NJMMJPO�QPTTJCJMJUJFT��5IJT�QSJODJQMF�DBO�CF�BQQMJFE� UP�BOZ�

BSFB
� JOEVTUSZ
� DPNNFSDF
� BOE� TFSWJDF�� 5ZQJDBMMZ� QIBSNBDFVUJDBM� JOEVTUSZ� SBOHFT�

CFUXFFO���BOE���σ
�SBUIFS�UIBO���BOE����"EPQUJOH�UIF�k%."*$�k�QSPDFEVSF�BDDPSEJOH�UP�

UIF�4JY�4JHNB�DPODFQU�JO�CPUI�EFTJHO�PG�OFX�QSPDFEVSFT�BOE�JNQSPWFNFOU�PG�FYJTUJOH�

QSPDFTTFT� JOWPMWFT�NPSF�NFBTVSFNFOUT� BOE� BOBMZTJT� UP� JEFOUJGZ� UIF� TPVSDFT� PG� OPO�

RVBMJUZ�	TFF�'JHVSF�#��
��

�

Figure B-3: Illustration of the ’DMAIC’ procedure according to the Six Sigma concept. 

1IBSNBDFVUJDBMT�BSF�DPNQMFY
�NVMUJWBSJBUF
�QIZTJDP�DIFNJDBM�TZTUFNT
�XIJDI�BSF�PGUFO�

USFBUFE�MJLF�B�VOJWBSJBUF�TZTUFN�	POF�GBDUPS�BU�B�UJNF
�USJBM�BOE�FSSPS�FYQFSJNFOUBUJPO
��

5IF�SBX�NBUFSJBMT�BSF�OPU�BMXBZT�XFMM�DIBSBDUFSJ[FE�QIZTJDBMMZ�BOE�UIF�EFWFMPQNFOU�PG�

B� GPSNVMBUJPO� JT�QFSGPSNFE�XJUI�TFSJPVT�UJNF�SFTUSJDUJPOT�EVF�UP�TIPSUFOJOH�FYDMVTJWJUZ�

QFSJPET� PO� UIF� DPNQFUJUJWF�NBSLFU�� 5IF� FRVJQNFOU� TFMFDUJPO� GPMMPXT� PGUFO� USBEJUJPOBM�

DPODFQUT�BOE�UIF�QSPDFTT�GBDUPST�EVSJOH�NBOVGBDUVSF�BSF�OPU�DPNQMFUFMZ�VOEFSTUPPE��

8JUIJO�BO�FTUBCMJTIFE�RVBMJUZ�TZTUFN�BOE�GPS�B�QBSUJDVMBS�NBOVGBDUVSJOH�QSPDFTT
�UIFSF�
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JT�BO� JOWFSTF� SFMBUJPOTIJQ�CFUXFFO� UIF� MFWFM�PG�QSPDFTT�VOEFSTUBOEJOH�BOE� UIF� SJTL�PG�

QSPEVDJOH�B�QPPS�RVBMJUZ�QSPEVDU��#VU
�EVF�UP� �SFHVMBUPSZ�VODFSUBJOUJFT��BOE�B�OVNCFS�

PG� TDJFOUJGJD� BOE� UFDIOJDBM� JTTVFT
� UIF� QIBSNBDFVUJDBM� JOEVTUSZ� TPNFUJNFT� QSFGFST� UP�

BEPQU� B� �EPO�U� VTF�� PS� �EPO�U� UFMM�� BQQSPBDI� FWFO� JG� UIFZ� IBE� CFUUFS� BOBMZTJT� BOE�

QSPEVDUJPO� UFDIOPMPHZ� UP� JNQMFNFOU
� XIJDI� JT� BO� VOEFTJSBCMF� TJUVBUJPO� GPS� CPUI�

JOEVTUSZ�BOE�QVCMJD�IFBMUI��

4JHNB� %FGFDUT�<QQN>� :JFME� $PTU�PG�2VBMJUZ�

��σ� ���
���� ������� ����������

��σ� ��
���� ������� ����������

��σ� �
���� ������� ����������
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Figure B-4: Higher sigma indicates better processes. The pharmaceutical industry is 

typically located between two and three V which is a sign for poor productivity. 

#�������1"5�EFGJOJUJPO�BOE�PQUJPOT�
5IF� '%"� QSPDFTT� BOBMZUJDBM� UFDIOPMPHJFT� 	1"5
� JOJUJBUJWF� JT� BO� FGGPSU� UP� GBDJMJUBUF� UIF�

JOUSPEVDUJPO� PG� OFX� UFDIOPMPHJFT� UP� UIF�NBOVGBDUVSJOH� TFDUPS� PG� UIF� QIBSNBDFVUJDBM�

JOEVTUSZ��1"5�QSPWJEFT�BO�PQQPSUVOJUZ�UP�NPWF�GSPN�UIF�DVSSFOU� �UFTUJOH�UP�EPDVNFOU��

QBSBEJHN�UP�B��DPOUJOVPVT�RVBMJUZ�BTTVSBODF��QBSBEJHN�UIBU�DBO�JNQSPWF�UIF�JOEVTUSZ�T�

BCJMJUZ�UP�FOTVSF�UIBU�RVBMJUZ�XBT�CVJMU�JO��5IJT�SFQSFTFOUT�UIF�VMUJNBUF�SFBMJ[BUJPO�PG�UIF�

USVF�TQJSJU�PG�D(.1�
� 

�

3URFHVV�$QDO\WLFDO�7HFKQRORJ\
Systems for design, analysis and control

of manufacturing processes based on timely measurements
of critical quality and performance attributes

of raw and in-process materials and processes
to assure final product quality.

�

Figure B-5: Definition of PAT proposed by the CDER.
���
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Figure B-6: Paradigm shift to the process control philosophy considering tablet 

manufacturing as an example: (a) end of phase testing of quality, to reduce the risk in 

moving to the next stage, (b) continuously or more frequently quality testing during each 

phase, to recognize deviations right in time to take measures. The amount of classical 

laboratory control can be reduced. 

1"5� JOWPMWFT� PQUJNBM� BQQMJDBUJPOT� PG� QSPDFTT� BOBMZUJDBM� DIFNJTUSZ� UPPMT� BMSFBEZ�

EFTJHOFE� JO� UIF� EFWFMPQNFOU� QIBTF
� GFFECBDL� QSPDFTT� DPOUSPM� TUSBUFHJFT
� BOE�

JOGPSNBUJPO�NBOBHFNFOU�UPPMT�BOE���PS�QSPEVDU���QSPDFTT�PQUJNJ[BUJPO�TUSBUFHJFT�UP�UIF�

NBOVGBDUVSF� PG� QIBSNBDFVUJDBMT�� *U� DBO� BQQMZ� UP� BMM� PG� UIF� NBOVGBDUVSJOH� TVC�

QSPDFTTFT
�TVDI�BT�JOCPVOE�MPHJTUJDT
�BDUJWF�JOHSFEJFOU�NBOVGBDUVSF
�CVML�GPSNVMBUJPO
�

GJMM�BOE�GJOJTI
�QBDLBHJOH
�BOE�PVUCPVOE�MPHJTUJDT�BT�XFMM��

4VDI�TZTUFNT�DBO�CF�VTFE�UP�JNQSPWF�UIF�FGGJDJFODZ�PG�QIBSNBDFVUJDBM�NBOVGBDUVSJOH�

QSPDFTTFT��5IF�QVCMJD�IFBMUI
�BT�XFMM�BT�UIF�QIBSNBDFVUJDBM�JOEVTUSZ�BOE�UIF�'%"�DPVME�

UIFSFCZ�CFOFGJU��
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Figure B-7: Options for introducing PAT. *A step-by-step approach, one unit operation at a 

time similar to option B, is also an option.
���

 

#�������%FGJOJUJPO�PG�UFSNT�

*O�UIF�DPOUFYU�PG�1"5�EJGGFSFOU�UFSNT�BSF�VTFE�WFSZ�DPNNPOMZ
�CVU�UIF�QSFDJTF�NFBOJOH�

TPNFUJNFT�BQQFBST�UP�CF�PCTDVSF��'PS�UIJT�XPSL�UIF�GPMMPXJOH�EFGJOJUJPOT�PG�UIF�$%&3�

XFSF�BEPQUFE�
� 

�

�

Figure B-8: Illustration of the meaning of the terms in-line, on-line, at-line, and off-line. 
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• *O�MJOF�

5IF� UFSN� JO�MJOF� EFTDSJCFT� NFBTVSFNFOUT� NBEF� XJUI� 1"5� XIFSFBT� UIF� TFOTPS� JT�

JOTUBMMFE� JO�EJSFDU� DPOUBDU�XJUI� UIF�QSPDFTT�BOE�NFBTVSFNFOUT� BSF�QFSGPSNFE� JO� SFBM�

UJNF��5IF�QSPDFTT�TUSFBN�NBZ�CF�EJTUVSCFE��&YBNQMFT��Q)�TFOTPS
�GJCFS�PQUJD�TFOTPS��

• 0O�MJOF�

.FBTVSFNFOUT�NBEF�XJUI�1"5�DPOOFDUFE� UP� UIF�QSPDFTT� UISPVHI�B� TBNQMJOH� TZTUFN�

BSF� PO�MJOF�� 5ZQJDBMMZ� UIJT� XJMM� CF� BO� BOBMZ[FS� SFRVJSJOH� TBNQMF� DPOEJUJPOJOH� QSJPS� UP�

BOBMZTJT�PS�B�TFOTJOH�UFDIOJRVF�UIBU�DBOOPU�CF�JO�EJSFDU�DPOUBDU�XJUI�UIF�QSPDFTT�PS�CF�

VTFE� JO� UIF� QSPDFTT� BSFB�� 5IF� TBNQMF� NBZ� CF� SFUVSOFE� UP� UIF� QSPDFTT� TUSFBN� BGUFS�

NFBTVSFNFOU��&YBNQMF��)1-$�SFRVJSFT�TBNQMF�UP�CF�XJUIESBXO�GSPN�UIF�QSPDFTT�BOE�

NPWFE�JOUP�UIF�BOBMZ[FS��

• "U�-JOF�

.FBTVSFNFOUT�NBEF�XJUI�1"5� MPDBUFE�DMPTF� UP� UIF�QSPDFTT
�CVU�OPU� JO�EJSFDU�DPOUBDU�

XJUI� JU� BSF� BU�MJOF�� 5IF� TBNQMFT� BSF� SFNPWFE� GSPN� UIF� QSPDFTT� BOE� CSPVHIU� UP� UIF�

JOTUSVNFOU�� &YBNQMF�� OPSNBM� MBCPSBUPSZ� UZQF� JOTUSVNFOU� TVDI� BT� B� Q)� NFUFS
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Figure B-9: Example of overall cycle times: without respect to the product, QC testing times 

are significant.
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Figure B-10: The phase diagram of water and a water solution illustrating the process steps 

of freeze drying with 'Tf = freezing point depression, 'p = vapor pressure depression,  

'Tb = boiling point increase, 'Tr = triple point (not according to measuring units).
�
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ESZJOH� PG� MBCJMF� QSPUFJOT�� 'VSUIFSNPSF� FOIBODFE� SFBDUJPO� SBUFT
� DIBOHFT� JO� NFEJVN�

DPNQPTJUJPO
�QSFDJQJUBUJPO�PG�CVGGFS�TBMUT�BOE�TFWFSF�Q)�TIJGUT�DBO�BQQFBS�SFTVMUJOH� JO�

QSPUFJO� EFOBUVSBUJPO
� BHHSFHBUJPO
� QSFDJQJUBUJPO� PS� SFDPOTUJUVUJPO� QSPCMFNT�� 5IFTF�

QIFOPNFOB� BSF� QSFWFOUFE� JO� QSBDUJDF� CZ� UIF� BEEJUJPO� PG� TP�DBMMFE� DSZP�QSPUFDUBOUT��
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Figure B-11: The temperature and the pressure characteristics of a typical freeze drying 

cycle. >  
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1SJNBSZ� ESZJOH� UBLFT� QMBDF� XIFO� JDF� EJSFDUMZ� TVCMJNBUFT� UP� WBQPS�� 1SFDPOEJUJPO�

UIFSFGPSF� JT� UP� CF� CFMPX� UIF� USJQMF� QPJOU� BOE� UP� MPBE� UIF� FOFSHZ� OFDFTTBSZ� GPS�

TVCMJNBUJPO� JODMVEJOH�BNPOH�PUIFST� UIF�IFBU�PG� UIF�ESZJOH�HPPET�BOE� UIF�XBUFS
�BOE�

TVQQMFNFOUBSZ�UIF�IFBU�PG�GVTJPO�BOE�FWBQPSBUJPO��

¾ $POEFOTBUJPO�

"U�UFNQFSBUVSFT�XJEFMZ�CFMPX����$�UIF�XBUFS�QBSUJBM�QSFTTVSF�JT�MPXFSFE�CZ�DPOEFOTJOH�

WBQPS� BOE� UIF� TIFMWFT� BSF� IFBUFE�� "� MPX� UPUBM� QSFTTVSF� GBWPST� B� GBTU� TVCMJNBUJPO�

CFDBVTF� UIF� WBQPS� QSFTTVSF� PG� JDF� EFDSFBTFT� WFSZ� NVDI� UIF� MPXFS� UIF� UFNQFSBUVSF��

$POTFRVFOUMZ�B�XBUFS�WBQPS�TBUVSBUFE�HBT�BUNPTQIFSF�TUJMM�DPOUBJOT���H�XBUFS���LH�BJS�

BU����$
�CVU�POMZ������H���LH�BU�������$�
�
�0O�UIF�PUIFS�IBOE���H�XBUFS�TUFBN�FYQBOET�

GSPN�����M�BU��
����NCBS�UP�BCPVU��
����M�JO�WBDVVN�BU�����NCBS�BOE�BQQSPY����
����M�BU�

�����NCBS�
� �
�5P�QVNQ�PGG�UIFTF�BNPVOUT�PG�HBT�XPVME�CF�BCTPMVUFMZ�VOFDPOPNJD��5IBU�

JT�UIF�SFBTPO�XIZ�DPOEFOTFST�XJUI�MPXFS�UFNQFSBUVSFT�UIBO�UIF�GSP[FO�DBSHP�BSF�VTFE�
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��CFUXFFO������UP�������$��5IFTF�TVSGBDFT�TIPVME�CF�BT�DMPTF�BT�QPTTJCMF�UP�UIF�TIFMWFT�

CFDBVTF� UIJT� UFNQFSBUVSF� HSBEJFOU� PG� UIF� DPOEFOTFS�T� BOE� UIF� QSPEVDU�T� TVSGBDF� BSF�

UIF�QSFDPOEJUJPO�GPS�UIF�ESZJOH�QSPDFEVSF���

¾ &OFSHZ�BEEJUJPO�

#Z�UIFSNBM�DPOEVDUJPO
�DPOWFDUJPO�BOE�SBEJBUJPO�UIF�FOFSHZ�JOQVU�IBQQFOT�JO�UIF�ESZFS
�

XIJMF�UIF�GJSTU�UXP�UBLF�UIF�NBKPS�QBSU��1PUFOUJBM�QSPCMFNT�BSF�TIPXO�CZ�UIF�TDIFNBUJD�

'JHVSF�#�����

WKHUPDO�UDGLDWLRQ

VKHOI��a�������&

LFH�FRUH�������&

FRQYHFWLRQ

ZDWHU�YDSRU

�FRQWDFW�
�WKHUPDO�FRQGXFWLRQ

�VXEOLPDWLRQ�DUHD
�7���FROODSVH�WHPSHUDWXUH

�GU\�EXON
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Figure B-12: Heat transfer and vapor transport during sublimation.
���

 

5IFSNBM� DPOEVDUJPO� PDDVST� XIFSF� UIF� CPUUMF�T� CPUUPN� JT� JO� UPVDI� XJUI� UIF� TIFMG
�

DPOWFDUJPO� JO� UIF� HBT� TQBDF� CFUXFFO� TIFMG� BOE� DPOUBJOFS�� *O� UIF� CFHJOOJOH� PG� UIF�

TVCMJNBUJPO�UIF�IFBU�USBOTGFS�CFUXFFO�WFTTFM�XBMM�BOE�QSPEVDU�JT�FGGFDUJWF��"GUFS�B�HJWFO�

UJNF�BO�JDF�GSFF
�QPSPVT�BOE�JTPMBUJOH�BSFB�XJMM�BQQFBS��

1SJNBSZ� JO� DBTF� PG� JOIPNPHFOFPVT� QSPEVDU� TUSVDUVSF� BOE� UIJDL� MBZFST� MPDBMMZ� IJHI�

UFNQFSBUVSFT� DBO� BQQFBS� �� F�H�� BCPWF� UIF� DPMMBQTF� PS� UIF� FVUFDUJD� UFNQFSBUVSF� ��

DBVTJOH� JSSFWFSTJCMF� EBNBHF� BOE� CMPBUJOH�
�
� *O� UIJT� QIBTF� VQ� UP� UIF� FOE� PG� JDF�

TVCMJNBUJPO� FOFSHZ� JOQVU� CZ� DPOWFDUJPO� JO� UIF� JOUFSJPS� PG� UIF� QSPEVDU� JODSFBTFT� JO�

JNQPSUBODF��/PX�UIF�QPSF�TUSVDUVSF�PG�UIF�DBLF�EFUFSNJOFT�UIF�BDDFTT�UP�UIF�JDF�DPSF�
� �
�
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*G�UIF�QSFTTVSF�JT�CFMPX��� ?
@
�NCBS�UIF�TVCMJNBUJPO�WFMPDJUZ�SFEVDFT�TUSPOHMZ��0O�UIF�GJSTU�

WJFX�UIJT�JT�TVSQSJTJOH�CFDBVTF�POF�XPVME�FYQFDU�B�GBTU�EFHSBEBUJPO�PG�WBQPS�BDDPSEJOH�

UP� UIF� BE�� �� EFTPSQUJPO� JTPUIFSN� PG� XBUFS�� #VU� UIF� DPOWFDUJPO� JO� UIF� HBT� QIBTF� JT�

PWFSCBMBODFE
�CFJOH�JOUFSSVQUFE�JG�QSFTTVSFT�PG��� ?
A
�NCBS�BSF�VOEFSTIPU��#Z�QFSJPEJDBMMZ�

DIBOHJOH�UIF�QSFTTVSF�FBDI�IFBU�USBOTGFS�BOE�WBQPS�USBOTQPSU�DBO�CF�PQUJNJ[FE��

*G�UIF�QFSGPSNBODF�PG�UIF�ESZFS�	JDF�DBQBDJUZ
�UFNQFSBUVSF�PG�DPOEFOTFS
�IFBU�TVQQMZ�UP�

UIF�TIFMG
�JT�HJWFO
�TFWFSBM�TZTUFN�DPNQPOFOUT�BSF�EFDJTJWF�GPS�UIF�FOFSHZ�USBOTGFS�BOE�

UIF� WBQPS� USBOTQPSU�� $PODFSOJOH� UIF� QSPEVDU� WFTTFM� 	QSJNBSZ� QBDLBHJOH
� UIFSF� BSF� UP�

NFOUJPO� JUT�EJNFOTJPOT
� UIF�DPOUBDU� UP� UIF� GPPUQSJOU
�BOE� UIF�IFBU�DPOEVDUJWJUZ�PG� UIF�

NBUFSJBM� JODMVEJOH� UIF�TUPQQFST��8JUI� SFHBSE� UP� UIF�ESZ�DBSHP� UIF� MBZFS� UIJDLOFTT
� UIF�

IFBU�DPOEVDUJWJUZ�PG�UIF�BMSFBEZ�ESJFE�DBLF�BOE�JUT�QPSPTJUZ�IBWF�BO�JNQBDU��

#�������4FDPOEBSZ�ESZJOH�
5IF�PQFSBUJPOBM�EFGJOJUJPO�PG�UIF�CFHJOOJOH�PG�TFDPOEBSZ�ESZJOH�JT�GSFRVFOUMZ�UBLFO�BT�

UIF�UJNF�XIFO�BMM�JDF�IBT�TVCMJNBUFE�	J�F��UIF�FOE�PG�QSJNBSZ�ESZJOH
��)PXFWFS
�GSPN�B�

NFDIBOJTUJD� WJFXQPJOU
� TFDPOEBSZ� ESZJOH� CFHJOT� JO� B� MPDBM� SFHJPO� PG� UIF� QSPEVDU� BT�

TPPO� BT� UIF� JDF� JT� SFNPWFE� GSPN� UIBU� SFHJPO
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� CVU� CFUXFFO� �� �� ����� PG� UIF� PSJHJOBM�

XBUFS� TUJMM� SFNBJOT�
�
� 5IJT� XBUFS� JT� QIZTJDBMMZ� PS� DIFNJDBMMZ� BETPSCFE� BT� IZESBUF� PS�

DPOTUJUVUJPO� XBUFS�� *U� JT� BUUBDIFE� UP� IZESPQIJMJD� GVODUJPOBM� HSPVQT� BCPVU� IZESPHFO�

CSJEHFT�BOE�JPO�EJQPMF�JOUFSBDUJPOT�PS�FMFDUSPTUBUJD�DIBSHFT�BU�JPOJD�TUSVDUVSFT��

"DDPSEJOHMZ�UIF�CBMBODFE�WBQPS�QSFTTVSF�BCPWF�UIF�ESZJOH�HPPE�EFQFOET�OPX�PO�UIF�

BETPSQUJWJUZ� PG� UIF� TPMWFOU
� XIFSFCZ� PO� NJDSP� QPSPVT� TUSVDUVSFT� 	QPSFT� �� ��� ON
�

DBQJMMBSZ�DPOEFOTBUJPO�JT�PCTFSWFE��/FWFSUIFMFTT�UP�SFNPWF�UIJT�XBUFS�B�WFSZ�MPX�XBUFS�

WBQPS�QBSUJBM�QSFTTVSF�JT�OFDFTTBSZ
�WBSZJOH�CFUXFFO��������������NCBS�SFMBUFE�UP�B�MPX�

DPOEFOTFS�UFNQFSBUVSF�PG�BCPVU�������$�
� ���!� �

�%VSJOH�TFDPOEBSZ�ESZJOH�UFNQFSBUVSFT�VQ�

UP�����$�DBO�CF�UPMFSBUFE�XJUIPVU�BOZ�PCTFSWBCMF�MPTT�PG�QSPEVDU�RVBMJUZ
�CFDBVTF�BGUFS�

NBJO�ESZJOH�BMSFBEZ�B�TUBCMF�TUBUF�IBT�CFFO�BDIJFWFE��

5P�NJOJNJ[F� IZESPMZTJT� BOE� PYJEBUJPO� EVSJOH� TUPSBHF� B� MPX� XBUFS� DPOUFOU� IBT� UP� CF�

BTQJSFE�JO�DBTF�PG�TVCTUBODFT�PG�MPX�NPMFDVMBS�XFJHIU�PS�TJNQMF�QPMZNFST��*O�QSBDUJDF�

UIF�NPJTUVSF�DPOUFOU�JT�SFEVDJCMF�EPXO�UP��������*O�DPNQMFY�NBUFSJBMT�MJLF�QSPUFJOT�PS�
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DFMM�UFYUVSFT�VTVBMMZ�B�DFSUBJO�BNPVOU�PG�SFTJEVBM�NPJTUVSF�NVTU�SFNBJO��*O�DBTF�PG�PWFS�

ESZJOH�NPTUMZ�XBUFS�VOTPMWBCMF
�JSSFWFSTJCMZ�EFTUSPZFE�QSPEVDUT�NBZ�SFTVMU�
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#����� .FMUCBDL�

.FMUCBDL� JT� B� GPSN� PG� DBLF� DPMMBQTF� BOE� JT� DBVTFE� CZ� UIF� DIBOHF� GSPN� UIF� TPMJE� UP�

MJRVJE�TUBUF��5IJT�IBQQFOT�JG�UIFSF�JT�BO�JODPNQMFUF�TVCMJNBUJPO�JO�UIF�WJBM��"TTPDJBUFE�

XJUI� UIJT�QSPCMFN� JT�B�DIBOHF� JO� UIF�QIZTJDBM� GPSN�PG� UIF�ESVH�TVCTUBODF�BOE���PS�B�

QPDLFU� PG� NPJTUVSF�� 5IFTF� NBZ� SFTVMU� JO� HSFBUFS� JOTUBCJMJUZ� BOE� JODSFBTFE� QSPEVDU�

EFHSBEBUJPO��"OPUIFS�QSPCMFN�NBZ�CF�QPPS�TPMVCJMJUZ��*ODSFBTFE�UJNF�GPS�SFDPOTUJUVUJPO�

BU� UIF� VTFS� TUBHF� DBO� SFTVMU� JO� QBSUJBM� MPTT� PG� QPUFODZ� JG� UIF� ESVH� JT� OPU� DPNQMFUFMZ�

EJTTPMWFE��'VSUIFSNPSF�GPS�TPNF�QSPEVDUT�UIF�DSZTUBMMJOF�GPSN�JT�NPSF�TUBCMF� UIBO�UIF�

BNPSQIPVT�GPSN�PG�MZPQIJMJ[FE�QSPEVDU��5IF�BNPSQIPVT�GPSN�NBZ�FYJTU�JO�UIF�NFMUCBDL�

QPSUJPO� PG� UIF� DBLF� XIFSF� JODPNQMFUF� TVCMJNBUJPO� PDDVST�� 0CWJPVTMZ� UIF� TUBCJMJUZ� PG�

MZPQIJMJ[FE�QSPEVDUT�XIJDI�FYIJCJU�QBSUJBM�PS�DPNQMFUF�NFMUCBDL�JT�DPSSVQUFE��

#����� 1SPDFTT�DPOUSPM�

5IF�GPMMPXJOH�TIBMM�POMZ�QSPWJEF�B�TIPSU�HFOFSBM�JOUSPEVDUJPO�UP�UFDIOJDBM�SFBMJ[BUJPO�PS�

NFBTVSJOH�NFUIPET��

¾ 'SFF[JOH�

&MFDUSJDBM� DPOEVDUJWJUZ� JT� VTFE� GPS� UIF� WBMJEBUJPO� PG� UIF� GSFF[JOH� QSPDFTT�� 5IFSF� JT� OP�

NPSF� DPOEVDUJWJUZ�XIFO� UIF�XIPMF�QSPEVDU� JT� GSP[FO��"GUFSXBSET� UIF� WBDVVN�DBO�CF�

CVJMU�VQ��

¾ 1SFTTVSF�

*O�MZPQIJMJ[BUJPO�BO�FYBDU�QSFTTVSF�NFBTVSFNFOU�JT�FTTFOUJBM�CFDBVTF�PG�JUT�JOGMVFODF�PG�

FOFSHZ�JOQVU�BOE�TVCMJNBUJPO�SBUF��0GUFO�IFBU�DPOEVDUJWJUZ�NBOPNFUFST�BOE�DBQBDJUJWF�

NBOPNFUFST�BSF�BQQMJFE��.FSDVSZ�NBOPNFUFST�BSF�OPU�VTFE�EVF�UP�UIFJS�DPOUBNJOBUJPO�

SJTL�� 5IF�NFBTVSFNFOU� SBOHF� PG�NFDIBOJDBM� NBOPNFUFST� JT� UPP� OBSSPX� BOE� UIFSFCZ�

VOTVJUBCMF�GPS�UIJT�BQQMJDBUJPO��

¾ 5FNQFSBUVSF�

1BSUT� PG� UIF� FRVJQNFOU� DPOTJTUJOH� PVU� PG� NFUBM� DBO� CF� DPOUSPMMFE� QSFDJTFMZ�� "�

UFNQFSBUVSF�NFBTVSFNFOU�JOTJEF�PG�UIF�QSPEVDU�XJUI�B�QSPCF�TVQQPTFT�B�IPNPHFOPVT�
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%VSJOH� TFDPOEBSZ� ESZJOH� B� CBSPNFUSJD� UFNQFSBUVSF�NFBTVSJOH� JT� SFDPNNFOEFE�� 5IF�

NFUIPE� JT�CBTFE�PO� UIF�DPSSFMBUJPO�PG� UIF�QBSUJBM�XBUFS�WBQPS�QSFTTVSF�BCPWF� UIF� JDF�

BOE� UIF� UFNQFSBUVSF� PG� UIF� JOUFSGBDF� CFUXFFO� JDF� BOE�HBT�� 5IF� QSJODJQMF� DPOTJTUT� JO�

NFBTVSJOH� UIF� JODSFBTJOH� QSFTTVSF� DBVTFE� CZ� XBUFS� WBQPS� XIJMF� UIF� HBT� SPPN� JT�

TFQBSBUFE� GSPN� UIF� DPOEFOTFS� BOE� WBDVVN� QVNQ�� *G� JDF� JT� TUJMM� QSFTFOU
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EPFT�OPU�SJTF�NPSF�UIBO�����NCBS�JO���NJOVUFT�
� � ��� �

�

¾ &OE�QPJOU�EFUFDUJPO�

5IF�FOE�QPJOU�PG�UIF�FOUJSF�ESZJOH�DZDMF�JT�VTVBMMZ�EFUFDUFE�CZ�B�WBDVVN�TUBCJMJUZ�UFTU��

8IJMF� UIF� ESZJOH� [POF� JT� QIZTJDBMMZ� TFQBSBUFE� GSPN� UIF� DPOEFOTFS
� UIF� QSFTTVSF�

JODSFBTF�XJUIJO� B�EFGJOFE� UJNF� JOUFSWBM� JT� DPOUSPMMFE�� *G� JU� JT� OPU� IJHIFS� UIBO� B� DFSUBJO�

UISFTIPME�MJNJU�WBMVF
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-ZPQIJMJ[BUJPO�BGGPSET�B�SBQJE�BOE�FBTZ�EJTTPMVUJPO�PG�UIF�SFDPOTUJUVUFE�QSPEVDU��

0O�UIF�PUIFS�IBOE�DPNQMFY�FRVJQNFOU�DPTUT�BQQFBS�BOE�IJHI�BNPVOUT�PG�FOFSHZ�BSF�
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DPPMJOH� BOE� SF�XBSNJOH� OFFE� UP� CF� LOPXO� WFSZ� BDDVSBUFMZ� CZ� FYUFOTJWF� QSFWJPVT�
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BQQSPBDIFT�BSF� VOEFS� EFWFMPQNFOU� TVDI� BT� �WJCSBUJOH� IFBUFE� USBZT�� PS� �TQSBZ� GSFF[F�

ESZJOH��VOEFS�BUNPTQIFSJD�QSFTTVSF��#PUI� UFDIOJRVFT�IBWF� JO�DPNNPO� UIBU� UIF� JOJUJBM�

TPMVUJPO� JT� EJTUSJCVUFE� BT� JOEJWJEVBM� ESPQMFUT� GSP[FO� JOUP� TQIFSJDBM� HSBOVMFT�� 5IFO� UIF�

CVML� JT� DPOUJOVPVTMZ� GFE� JOUP� EJGGFSFOUMZ� DPOEJUJPOFE� 	WBDVVN
� DIBNCFST� GPS�

TVCMJNBUJPO� JO�QSJNBSZ
� BOE�EFTPSQUJPO� JO�TFDPOEBSZ�ESZJOH��'JOBMMZ
� UIF�QPQVMBUJPO�PG�

HSBOVMFT� FOUFST� BO� VMUJNBUF� MPDL� BOE� DBO� CF� OVNCFSFE� BOE� CPUUMFE� JOUP� TUFSJMF� WJBMT�

VOEFS�ESZ�OFVUSBM�BUNPTQIFSF��5IF�SFTVMU�XPVME�CF�B�CBUDI�PG�JEFOUJDBM�WJBMT�DPOUBJOJOH�

GSFF[F�ESJFE�HSBOVMFT�JOTUFBE�PG�B�NPSF�PS�MFTT�SFHVMBS�DBLF��%VF�UP�IJHIFS�FGGJDJFODZ�PG�

UIFTF� UFDIOJRVFT� UIF� ESZJOH� UJNFT� ESPQ� CZ� NPSF� UIBO� POF� PSEFS� PG� NBHOJUVEF� JO�

DPNQBSJTPO� UP� UIF�DMBTTJDBM� MZPQIJMJ[BUJPO��/PU�ZFU� SFTPMWFE� JTTVFT�XJUI� UIFTF�QPTTJCMZ�

GVUVSF� UFDIOJRVFT� JT�NBJOMZ� UIBU� JOEJWJEVBM� GSFF[JOH�PG�TNBMM�IPNPHFOFPVT�ESPQMFUT� JT�

EJGGJDVMU
�NBZCF�NFDIBOJDBMMZ�UIF�HSBOVMFT�XJMM�OPU�QSPWF�SFTJTUBODF�UP�UIF�QSPDFTT
�BOE�

MBTU�CVU�OPU�MFBTU�UIF�TUFSJMJUZ�PG�UIF�QSPEVDU�JT�OPU�FBTJMZ�HVBSBOUFFE��
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#�������2VBMJUZ�DPOUSPM�JO�MZPQIJMJ[BUJPO�
*U� JT� DPNNPOMZ� SFDPHOJ[FE� UIBU� B� DPNQMFY� UFDIOPMPHZ� JT� BTTPDJBUFE� XJUI� UIF�

NBOVGBDUVSJOH� BOE� DPOUSPM� PG� MZPQIJMJ[FE� QIBSNBDFVUJDBM� EPTBHF� GPSNT�� 4PNF� PG� UIF�

JNQPSUBOU� BTQFDUT� PG� UIFTF� PQFSBUJPOT� JODMVEF�� UIF� GPSNVMBUJPO� PG� TPMVUJPOT
� GJMMJOH� PG�

WJBMT�BOE�WBMJEBUJPO�PG�UIF�GJMMJOH�PQFSBUJPO
�TUFSJMJ[BUJPO�BOE�FOHJOFFSJOH�BTQFDUT�PG�UIF�

MZPQIJMJ[FS
� TDBMF�VQ� BOE� WBMJEBUJPO� PG� UIF� MZPQIJMJ[BUJPO� DZDMF
� BOE� UFTUJOH� PG� UIF� FOE�

QSPEVDU�� *OTQFDUJPOT� IBWF� EJTDMPTFE� QPUFODZ
� TUFSJMJUZ� BOE� TUBCJMJUZ� 	TUPSBHF� BOE�

SFDPOTUJUVUJPO
� QSPCMFNT� BTTPDJBUFE� XJUI� UIF� NBOVGBDUVSF� BOE� DPOUSPM� PG� MZPQIJMJ[FE�

QSPEVDUT��

1SPCBCMZ� UIF�NPTU�DSJUJDBM� GBDUPS� JT� UIF� SFTJEVBM�NPJTUVSF�XJUI� JNQBDU�PO�PUIFS�RVBMJUZ�

QBSBNFUFST� TVDI� BT� UIF� TUBCJMJUZ
� EPTF� VOJGPSNJUZ
� BOE� TUFSJMJUZ�� 5IJT� EJTDVTTJPO�

BEESFTTFT�UIF�SFTJEVBM�NPJTUVSF�QSPCMFN�PG�B�GJOJTIFE�MZPQIJMJ[FE�EPTBHF�GPSN��

¾ 0QUJNVN�SFTJEVBM�NPJTUVSF�

"�DSJUJDBM� JTTVF� JT� UIF�EFUFSNJOBUJPO�PG� UIF�PQUJNVN�SFTJEVBM�NPJTUVSF
�VOEFSTUBOEJOH�

UIBU�JU�DPVME�SFTVMU�GSPN�UIF�ESZJOH�QSPDFTT�JUTFMG�PCWJPVTMZ
�CVU�BMTP�GSPN�SFMFBTF�CZ�UIF�

TUPQQFST�PG�XBUFS�QJDLFE�VQ�EVSJOH�UIF�TUFSJMJ[BUJPO�QSPDFTT��'SBO�%F(SB[JP
�.BOJOEFS�

)PSB
�

� BOE� PUIFST� EJE� TIPX� UIBU� UIJT� QIFOPNFOPO� EFGJOJUFMZ� JOGMVFODFT� UIF� TUPSBHF�

BCJMJUZ�PG�UIF�GSFF[F�ESJFE�QSPEVDUT�XIJDI�EFQFOET
�BNPOH�PUIFS�JTTVFT
�PO�UIF�RVBMJUZ�

PG� GJU� CFUXFFO� UIF� WJBM� BOE� UIF� TUPQQFS� XIJDI
� JO� UVSO
� EFQFOET� PO� IPX� UJHIU� UIF�

NBOVGBDUVSFST�DBO�HVBSBOUFF�UIF�EJNFOTJPOBM�UPMFSBODF�PG�UIFJS�QSPEVDUT��

'PSNBMMZ�SFHVMBUFE�CZ�UIF�EJGGFSFOU�SFTQPOTJCMF�BHFODJFT
�UIF�SFTJEVBM�NPJTUVSF�JT�RVJUF�

EJGGJDVMU� UP� HSBTQ� XJUI� FYBDUJUVEF�� /FJUIFS� ,BSM� 'JTDIFS� UJUSBUJPO� OPS� UIFSNPHSBWJNFUSZ�

	5("
� DPVME� EFUFSNJOF� UIF� USVF� WBMVF�� .PSFPWFS
� UIF� GJSTU� UXP� UFDIOJRVFT� CFJOH�

EFTUSVDUJWF
�UIFZ�QSFWFOU�BOZ�GPMMPX�VQ�BOBMZTJT�PG�UIF�TBNQMF�PWFS�UIF�TIFMG�MJGF��5IFZ�

UJUSBUF�UIF��UPUBM�XBUFS��BT�B�DIFNJDBM
�XJUIPVU�EJTDSJNJOBUJOH�CFUXFFO�UIF�QBSU�XIJDI�JT�

GSFF�UP�NPWF�BOE�FYDIBOHF�CFUXFFO�UIF�TUPQQFS�BOE�UIF�DBLF�BOE�UIF�POF
�CPVOE�UP�

UIF�DBLF
�XIJDI�JT�PGUFO�FTTFOUJBM�UP�NBJOUBJO�XJUIJO�UIF�GSFF[F�ESJFE�BDUJWF�TVCTUBODF
�

UIF� UISFF�EJNFOTJPOBM� TUSVDUVSF� XIJDI� JT� BU� UIF� SPPU� PG� JUT� QPUFODZ�� 5IF� FRVJMJCSJVN�

XBUFS� WBQPS� QSFTTVSF� TPMWFT� UIF� GPMMPX�VQ� JTTVF� TJODF� JU� JT� B� OPO�JOUSVTJWF
� OPO�

EFTUSVDUJWF�UFDIOJRVF�CVU�JU�HJWFT�POMZ�BO�JOEJSFDU�SFBEJOH�PG�UIF�XBUFS�DPOUFOU��'JOBMMZ
�

JO� UIF� ESZ� QSPEVDU� JUTFMG� BOE� XJUIPVU� BOZ� JOUFSGFSFODF� GSPN� UIF� DPOUBJOFS�DMPTVSF�
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����

TZTUFN
�UIFSF�BSF�NPWFNFOUT�PG�XBUFS�XJUI�UJNF��"EEJUJPOBMMZ�EVSJOH�TUPSBHF
�UIF�SBUJP�

CFUXFFO� GSFF� BOE� UIF� EJGGFSFOU� UZQFT�PG�CPVOE�XBUFS� DIBOHFT� BOE�NJHIU� JNQBDU� UIF�

GJOBM�QPUFODZ�
� �
�

%FTQJUF�PG� UIF� FMBCPSBUF� EFTJHO�QSPQPTFE�CZ�FRVJQNFOU�NBOVGBDUVSFST� BOE� UIF� DBSF�

UIBU�UIF�ESVH�DPNQBOJFT�UBLF�PG�UIFJS�GSFF[F�ESZJOH�PQFSBUJPOT
�UIFZ�BSF�TUJMM�GBDJOH�UIF�

SFDVSSFOU� QSPCMFN� PG� QPUFOUJBM� IFUFSPHFOFJUZ� CFUXFFO� WJBMT� BOE� BNQPVMFT� XJUIJO� B�

TBNF� TJOHMF� CBUDI�� 5IF� TQBUJBM� EJTUSJCVUJPO� PG� ��
���� UP� ���
���� WJBMT� JO� B�NVMUJ�TIFMG�

GSFF[F�ESZJOH�DBCJOFU�SFNBJOT�B�QSPCMFN��4PNF�TJU�DMPTF�UP�UIF�EPPS
�TPNF�SJHIU�JO�UIF�

NJEEMF
�PUIFST�OFBS� UIF�DPOEFOTFS
�TPNF�JO� UIF�VQQFS�TIFMWFT
�PUIFST�EPXO�BOE�UIFZ�

EP�OPU�ESZ�JO�UIF�TBNF�XBZ��

5IF�BCPWF�EFTDSJCFE�QIFOPNFOB�FYQMBJO�XIZ�B�XJEFMZ�VTFE�OBSSPX�SBOEPN�TBNQMJOH�

PG� POMZ� GFX� TBNQMFT� PVU� PG� IVHF� CBUDIFT� DBOOPU� QSPWJEF� SFQSFTFOUBUJWF� SFTVMUT�� #VU�

UZQJDBMMZ� UIF�BWFSBHF� SFTVMU� PG� TVDI�B� TBNQMJOH� JT� UBLFO�BT�FTUJNBUFE�DPOUFOU� GPS� UIF�

FOUJSF� CBUDI� BOE� UIFSFCZ� BT� SFMFBTF� DSJUFSJPO�� *G� BOZ� EFWJBUJPO� PDDVST� XJUIJO� UIFTF�

TBNQMFT� NFBTVSFT� OFFE� UP� CF� UBLFO
� BOE� JO� UIF� XPSTU� DBTF� JU� OFDFTTJUBUFT� UIF�

EFTUSVDUJPO�PG�UIF�FOUJSF�MPU��

¾ "QQMJDBUJPO�PG�1"5�

"DDPSEJOH�UP�UIF�641�JU�JT�HPPE�QIBSNBDFVUJDBM�QSBDUJDF�UP�QFSGPSN�B�������JOTQFDUJPO�

PG�QBSFOUFSBM�QSPEVDUT
�JODMVEJOH�TUFSJMF�MZPQIJMJ[FE�QPXEFST��$SJUJDBM�BTQFDUT�XPVME�OPU�

POMZ�JODMVEF�UIF�RVBMJUZ�PG�UIF�DSJNQJOH
�UIF�QSFTFODF�PG�TUPQQFST�PS�PG�DPSSFDU�WPMVNF�

PG�DBLF�BOE�UIF�DBLF�BQQFBSBODF
�CVU�BMTP�UIF�DPOUFOU�PG�SFTJEVBM�NPJTUVSF��8JUI�UIF�

BJE�PG�B�UPUBM�JOTQFDUJPO�BMM�UIF�WJBMT�CFJOH�PVU�PG�TQFDJGJDBUJPO�DPVME�CF�SFDPHOJ[FE�BOE�

SFKFDUFE��*O�NFBO�UJNF�UIF�MPTT�PG�BO�FOUJSF�MPU�DPVME�CF�BWPJEFE��'PS�BO�JO�MJOF�DPOUSPM�

PG�MZPQIJMJ[FE�WJBMT�TPNF�QSFDPOEJUJPOT�BSF�SFRVJSFE�GSPN�UIF�BQQMJFE�BOBMZTJT�NFUIPE��

*O�DPOUSBTU� UP�FTUBCMJTIFE�NFUIPET� MJLF�,'� UJUSBUJPO�BOE�5("
� JU�NVTU�CF�OPO�JOWBTJWF�

BOE�OPO�EFTUSVDUJWF��'VSUIFSNPSF�UIF�QSPEVDUJPO�MJOF�TIPVME�OPU�CF�TMPXFE�EPXO�CZ�B�

TVQQMFNFOUBSZ� JOTQFDUJPO�TUFQ��5IVT
� UIF�NFUIPE�NVTU�CF� SFMJBCMF�BOE�BT� GBTU�BT� UIF�

QSPEVDUJPO� TQFFE�� /FBS�*OGSBSFE� 	/*3
� TQFDUSPTDPQZ� XBT� DPOTJEFSFE� UP� GVMGJMM� UIFTF�

SFRVJSFNFOUT��
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�
�4OPXNBO�+��8�
�4UFSJMF�1IBSNBDFVUJDBM�.BOVGBDUVSJOH
�7PM����&E���(SPWFT�.��+�
�0MTFO�8��1�
�"OJTGFME�

.��)�
�*OUFSQIBSN�1SFTT
�1SBJSJF�7JFX
���GG�
�������
�.VNFOUIBMFS�.�
�4QSÅI�(FGSFJSUSPDLOVOH�CFJ�"UNPTQI®SFOESVDL��.¿HMJDILFJUFO�VOE�(SFO[FO�JO�EFS�

1IBSNB[FVUJTDIFO�5FDIOPMPHJF�VOE�JO�EFS�-FCFOTNJUUFMUFDIOPMPHJF��%JTTFSUBUJPO�6OJWFSTJU®U�#BTFM
�

�����

�,FJUFM�4�
�)FSTUFMMVOH�VOE�&JHFOTDIBGUFO�WPO�$IMPSUBMJEPO��VOE�$IMPSUUBMJEPO�.BOOJUPM�-ZPQIJMJTBUFO
�

%JTTFSUBUJPO�'6�#FSMJO
�������
�4USJDLFS�)��	&E�

�.BSUJO�4XBSCSJDL
�$BNNBSBUB
�1IZTJLBMJTDIF�1IBSNB[JF
�8JTTFOTDIBGUMJDIF�

7FSMBHTHFTFMMTDIBGU�NC)�4UVUUHBSU
�������
�/FVNÅMMFS�0��"�
�3¿NQQT�$IFNJF�-FYJLPO�7PM��
����"VGM�
�'SBOL�TDIF�7FSMBHTIBOEM��4UVUUHBSU
������

�0FUKFO�(��8�
�(FGSJFSUSPDLOFO
�7$)�7FSMBH
�8FJOIFJN
�(FSNBOZ
�������
�-FWJOF�)�
�4MBEF�-�
�8BUFS�4DJFODF�3FWJFXT
��
���������
�������
�'SBOLT�'�
�'SFF[F�%SZJOH��'SPN�&NQJSJDJTN�UP�1SFEJDUBCJMJUZ
�$SZP�-FUUFST
���
�������
�������
�,SBNFS�.�
�*OOPWBUJWFT�&JOGSJFSWFSGBISFO�[VS�.JOJNJFSVOH�EFS�1SP[FTT[FJU�WPO�

(FGSJFSUSPDLOVOHT[ZLMFO
�%JTTFSUBUJPO�6OJWFSTJUZ�PG�&SMBOHFO
�(FSNBOZ
������� �
�#BSOJDLFM�)���'PSNVMJFSVOH
�"CGÅMMVOH�VOE�-ZPQIJMJTJFSVOH�WPO�1SPUFJOXJSLTUPGGFO��1IBSN��*OE����
�

������������
�&TTJH�%�
�0TDINBOO�3�
�-ZPQIJMJTBUJPO�	&JO�4FNJOBS�EFS�"17�WPN�����������/PWFNCFS������JO�

8ÅS[CVSH
�8JTTFOTDIBGUMJDIF�7FSMBHTHFTFMMTDIBGU�NC)
�4UVUUHBSU
������� �
�-FWJOF�)�
�4MBEF�-�
�8BUFS�BT�B�1MBTUJDJTFS��1IZTJDP�DIFNJDBM�"TQFDUT�PG�-PX�.PJTUVSF�1PMZNFSJD�

4ZTUFN��8BUFS�4DJFODF�3FW���
�8BUFS�EZOBNJDT��&E��'SBOL�'�
�$BNCSJEHF�6OJW��1SFTT
�/FX�:PSL
�QQ����
�

������ 

�1JLBM�+��.�
�4IBI�4�
�*OUFSWJBM�%JTUSJCVUJPO�PG�.PJTUVSF�EVSJOH�UIF�4FDPOEBSZ�%SZJOH�4UBHF�PG�'SFF[F�

%SZJOH
�1%"�+PVSOBM�PG�1IBSNBDFVUJDBM�4DJFODF���5FDIOPMPHZ
�7PM����
�/P���
������� �
�(¿MLFS�$�
�(FGSJFSUSPDLOVOH�CJPUFDIOPMPHJTDIFS�1SPEVLUF
�1IBSN��5FDIOPM��+����
���
������� �
�8JMMFNFS�)�
�(SVOEMBHFO�EFS�(FGSJFSUSPDLOVOH
�'JOO��"RVB�������������������(,
������� 

�1JLBM�+��.�
�'SFF[F�%SZJOH�PG�1SPUFJOT�*
�1IBSN��5FDIOPM��+����
���
������� �
�-FZCPME�)FSBFVT
�1IBSNB[FVUJTDIF�(FGSJFSUSPDLOVOH
���������)7����
�1BSU���
������� �
�3FZ�-�
�4PNF�-FBEJOH�&EHF�1SPTQFDUT�JO�-ZPQIJMJ[BUJPO
�,FZOPUF�"EESFTT�GSPN������-ZPQIJMJ[BUJPO�

$POGFSFODF
������
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#����� /*3���IJTUPSJDBM�SFWJFX�

"MSFBEZ� JO� UIF� ZFBS� �����8JMMJBN�)FSTDIFM� EJTDPWFSFE�XBSNJOH� SBEJBUJPO� CFZPOE� UIF�

WJTJCMF�SFE�MJHIU
�UIBU�IF�QSFTFOUFE�UIF�3PZBM�4PDJFUZ�VOEFS�UIF�UJUMF�k&YQFSJNFOUT�PO�UIF�

3FGSBOHJCJMJUZ�PG�UIF�JOWJTJCMF�3BZT�PG�UIF�4VOk��5PEBZ�XF�LOPX�JU�NVTU�IBWF�CFFO�/*3
�

CFDBVTF�UIF�MFHFOEBSZ�UFMFTDPQF�DPOTUSVDUPS�VTFE�VTVBM�HMBTT
�XIJDI�JT�OPU�QFOFUSBCMF�

GPS� MPOHFS�XBWFMFOHUIT�BT� JOGSBSFE� MJHIU��)FODF� UIF�/*3�BSFB� JT�BMTP�DBMMFE� �)FSTDIFM�

SFHJPO��
�
�

#VU�JU�XBT�OFDFTTBSZ�UP�XBJU�VOUJM������XIFO�"COFZ�BOE�'FTUJOH�SFDPSEFE�UIF�TQFDUSB�

PG�B�DPVQMF�PG�PSHBOJD�MJRVJET�SFBMJ[JOH�UIF�JNQPSUBODF�PG�BUPNJD�HSPVQJOHT�JO�UIF�/*3�

TQFDUSVN�BOE�IZESPHFO�CPOEJOH�JO�QBSUJDVMBS��$PCMFOU[�JEFOUJGJFE�UIF�DIBSBDUFSJTUJDT�PG�

$)�CPOET�JO������BOE�QPTUVMBUFE�UIF�CBOET�DPVME�CF�QBSU�PG�B�IBSNPOJD�TFRVFODF��

5IF� FWPMVUJPO� PG� TQFDUSPHSBQIJD� JOTUSVNFOUT� XBT� VOEFSXBZ
� UIF� EJGGSBDUJPO� HSBUJOH�

	JOJUJBMMZ� QSPEVDFE� CZ� XJOEJOH� B� UIJO� XJSF� BSPVOE� B� QBJS� PG� GJOF� UISFBET
� IBE� CFFO�

EFWFMPQFE� BOE� UIF� QSJTN� XBT� XFMM� FTUBCMJTIFE�� $ISJTUJBOTFO� BOE� 3BZMFJHI� CPUI�

QSPEVDFE�SFMBUJWFMZ�OBSSPX�CBOE�PQUJDBM�GJMUFST
�VTJOH�JOEFY�NBUDIJOH�BOE�EZFT��+VTU�BT�

.BY� 1MBOL� SPVOEFE� PGG� UIF� ��UI� DFOUVSZ� XJUI� IJT� SBEJBUJPO� MBX
� JO� ����
� .JDIFMTPO�

QVCMJTIFE� B� QBQFS� EFTDSJCJOH� UIF� UXP�CFBN� JOUFSGFSPNFUFS�� 0OMZ� POF� ZFBS� MBUFS�

3PXMBOE�QSPEVDFE� MBSHF� SVMFE�HSBUJOHT�BOE� JOWFOUFE� UIF�DPODBWF�EJGGSBDUJPO�HSBUJOH
�

XIJDI�CFDBNF�MBUFS�UIF�NBJOTUBZ�PG�TQFDUSPNFUFS�EFTJHO�
�
�

1SJPS� UP� UIF� 4FDPOE� 8PSME� 8BS� UIF� OFBS�JOGSBSFE� SFHJPO� XBT� OPU� DPOTJEFSFE� UP� CF�

QBSUJDVMBSMZ�VTFGVM�GPS�UIF�TQFDUSPTDPQZ�PG�PSHBOJD�DPNQPVOET�

	�B�
�*U�XBT�PCTFSWFE�UIBU�

/*3�CBOET�BSF�TFWFSFMZ�PWFSMBQQFE
�EJGGJDVMU�UP�SFTPMWF�BOE�UP�JOUFSQSFU��*G�TBNQMFT�XFSF�

OPU�ESJFE�CFGPSF�/*3"�UIF�DIBOHFT�JO�IZESPHFO�CPOEJOH�EVF�UP�UIF�FGGFDUT�PG�TBNQMF�

UFNQFSBUVSF
� JPOJD� TUSFOHUI
� BOE� BOBMZUF� DPODFOUSBUJPO� BMTP� XPVME� DPNQMJDBUF� UIF�

JOUFSQSFUBUJPO� PG� NBJOMZ� PWFSMBQQJOH� TQFDUSBM� CBOET�� $IBOHFT� JO� IZESPHFO� CPOEJOH�

QSPEVDF� SFBM�BOE�BQQBSFOU�CBOE�TIJGUT� BT�XFMM�BT� GMBUUFOJOH�BOE�CSPBEFOJOH�PG�CBOE�

TIBQFT��5IF�NPMFDVMBS�BCTPSQUJPOT�GPVOE�XJUIJO�UIF�/*3�SFHJPO�IBWF�TJHOJGJDBOUMZ�MPXFS�

JOUFOTJUZ�JO�DPNQBSJTPO�UP�UIF�GVOEBNFOUBM�JOGSBSFE�BCTPSQUJPOT��5IVT
�UIF�DIBOHFT�JO�
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BCTPSCBODF� JO� UIF� /*3� SFHJPO� XPVME� CF� WFSZ� TNBMM� XJUI� SFHBSE� UP� DPODFOUSBUJPO�

DIBOHFT�� 5IF� SFMBUJWFMZ� MPX� FYUJODUJPO� DPFGGJDJFOUT�XPVME� QMBDF� TFWFSF� SFTUSJDUJPOT� PO�

UIF� BMMPXBCMF�OPJTF� MFWFMT� BOE� TUBCJMJUZ� GPS� BOZ�/*3� JOTUSVNFOU� JG� RVBOUJUBUJWF�XPSL� JT�

DBSSJFE�PVU��#FTJEFT
�TBNQMF�QSFTFOUBUJPO�BOE�UIF�NPSF�PS�MFTT�PCWJPVT�NFBTVSFNFOUT�

CZ�SFGMFDUBODF�JOWPMWF�BTQFDUT�XIJDI�XFSF�OPU�DPODFJWBCMF�XJUI�UIF�USBEJUJPOBM�JOGSBSFE�

TQFDUSPTDPQZ��

#Z� UIF�NJE���T�,BSM�/PSSJT�IBE�ESJGUFE� JOUP� UIF�WFSZ�OFBS�JOGSBSFE�CVU�XBT� MJNJUFE�CZ�

EFUFDUPST� UP����
���� ON��"U� UIF�6�4��%FQBSUNFOU�PG� BHSJDVMUVSF�IF�EFNPOTUSBUFE� UIF�
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Figure B-13: Illustration of different spectral ranges: from the ultra-violet (UV) about the 

visible (VIS) and the infrared (IR) to the microwaves. 
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Equation B-1: Hookes law valid for on ideal diatomic harmonic oscillator, with  

Q = vibrational frequency, k = classical force constant, P = reduced mass of the two atoms. 
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Figure B-14: Potential energy diagram of vibrational mode calculated as (a) an ideal 

harmonic diatomic oscillator, and (b) an actual anharmonic diatomic oscillator  

(Epot = potential energy, ED = dissociation energy, r0 = interatomic distance, Qx = energy 

level).
��E
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Equation B-2: Valid for Q = 0, 1, 2, ... and h = Planck’s constant. 
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Equation B-3: Valid for Q = 0, 1, 2, ... and h = Planck’s constant. 
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Equation B-4: Valid for Q1, Q2, Q3... = 0, 1, 2, ... and h = Planck’s constant. 
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Equation B-5: The anharmonic oscillator, where Ze = (½ S) (ke / P)½ = vibrational frequency, xe 

= anharmonicity constant, ke = anharmonicity force constant, and P = reduced mass of the 

two atoms. 
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Equation B-6: Computation of the first overtone wavelength of an exemplary fundamental. 
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UIF�TQFDUSVN��'PS�FYBNQMF
�B� GVOEBNFOUBM�DBSCPOZM�TUSFUDIJOH�WJCSBUJPO�BU��
����DN J
K
�

PS��
����ON�XPVME�IBWF�B�GJSTU�PWFSUPOF�BU�BCPVU��
����ON
�B�XFBLFS�TFDPOE�PWFSUPOF�

BU�BCPVU��
����ON
�BOE�B�UIJSE�WFSZ�XFBL�POF�BU�BCPVU��
����ON��5IF�GPSUI�PWFSUPOF
�BU�

BQQSPYJNBUFMZ� �
���� ON
� DPVME� CF� MFGU� PVU�� 5IFTF� BSF� CBTFE� PO� BO� FYBNQMF� �� ��

BOIBSNPOJDJUZ�DPOTUBOU L M �

"T�B�SVMF
�PWFSUPOFT�PDDVS�BU�IBMG�BOE�UIJSE�PG�UIF�GVOEBNFOUBM�BCTPSQUJPO�XBWFMFOHUI�

J�F�� �� BOE� �� UJNFT� UIF� GVOEBNFOUBM� GSFRVFODZ�� .PTU� PWFSUPOF� QFBLT� BSJTF� GSPN� UIF�
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TUSFUDIJOH�BOE�CFOEJOH�NPEFT�CFDBVTF� UIF� EJQPMF�NPNFOU� JT�IJHI��0)
�$)
�4)� BOE�

/)�BSF�TUSPOH�/*3�BCTPSCFST�BOE�GPSN�NPTU�/*3�CBOET��

¾ $PNCJOBUJPO�CBOET�

"OPUIFS� QSPNJOFOU� GFBUVSF� PG� UIF� OFBS�JOGSBSFE� TQFDUSVN� JT� UIF� MBSHF� OVNCFS� PG�

DPNCJOBUJPO�CBOET�� *O� BEEJUJPO� UP� UIF�BCJMJUZ� PG� B�CBOE� UP�CF� SFQSPEVDFE�BU� UXJDF�PS�

UISFFGPME� UIF� GSFRVFODZ� PG� UIF� GVOEBNFOUBM
� IFSF� JT� B� UFOEFODZ� GPS� UXP� PS� NPSF�

WJCSBUJPOT� UP� DPNCJOF� 	WJB� BEEJUJPO� PS� TVCUSBDUJPO� PG� UIF� FOFSHJFT
� UP� HJWF� B� TJOHMF�

CBOE��

"� TJNQMF� TZTUFN�DPOUBJOJOH�DPNCJOBUJPO� CBOET� JT� UIF�HBT� TVMGVS�EJPYJEF� 	40 N 
�� 'SPN�

UIF�TJNQMF� UIFPSZ�PG�BMMPXFE�CBOET� UIFSF�TIPVME�CF� UISFF�BCTPSQUJPO�CBOET� 	SFGFS� UP�

&RVBUJPO�#��
��

63 −⋅= 1EDQGVRI1XPEHU �

Equation B-7: Calculation of the degrees of freedom. 

5IFTF�BSF�UIF�TZNNFUSJD�TUSFUDI�	GPVOE�BU��
����DN J
K


�UIF�BTZNNFUSJD�TUSFUDI�	GPVOE�BU�

�
����DN J
K


�BOE�UIF�0�4�0�CFOE�	GPVOE�BU�����DN J

K

��5IF�UISFF�CBOET�NFOUJPOFE�BSF�

UIF� BMMPXFE� CBOET� BDDPSEJOH� UP� HSPVQ� UIFPSZ�� )PXFWFS
� CBOET� BMTP� BQQFBS� BU� ���
�

�
���
� �
���
� BOE� �
���� DN J
K
�� "T� EJTDVTTFE� FBSMJFS
� JU� JT� JNQPTTJCMF� GPS� UIF� NPMFDVMF�

DIBSBDUFSJ[FE� BT� B� IBSNPOJD� PTDJMMBUPS� UP� BDRVJSF� FOFSHZ� UP� CF� QSPNPUFE� GSPN� UIF�

HSPVOE�TUBUF�UP�B�TFDPOE�MFWFM�	GJSTU�PWFSUPOF
�PS�IJHIFS��'PS�UIF�BOIBSNPOJD�PTDJMMBUPS
�

BMUIPVHI�B� GJSTU�PWFSUPOF�PG� UXJDF� UIF� GSFRVFODZ�PG� UIF� TZNNFUSJD� TUSFUDI� JT�QPTTJCMF��

5IJT� CBOE� PDDVST� BU� �
���� DN J
K

� XJUI� UIF� �� DN J

K
� EJGGFSFODF� BSJTJOH� GSPN� BO� FYBDU�

EPVCMJOH�PG�UIF�GSFRVFODZ�BDDPVOUFE�GPS�CZ�UIF�BOIBSNPOJDJUZ��
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Figure B-15: Illustration of the anharmonic vibrations of SO2. O�O  

5IJT�TUJMM�MFBWFT�UISFF�CBOET�UP�CF�FYQMBJOFE��*G�UIF�QPTTJCJMJUZ�FYJTUT�UIBU�UXP�CBOET�NBZ�

DPNCJOF�BT�W P ���W Q �PS�W P ���W Q �UP�DSFBUF�B�OFX�CBOE
�UIFO�UIF�SFNBJOJOH�UISFF�CBOET�BSF�

FBTZ� UP� BTTJHO� BSJUINFUJDBMMZ�� 5IF� UPUBM� CBOET� GPS� 40 N � DBO� CF� BTTJHOFE� BT� TFFO� JO��
5BCMF� #���� *O� UIF� TBNF� NBOOFS
� BOZ� VOLOPXO� BCTPSQUJPO� CBOE� DBO
� JO� UIFPSZ
� CF�

EFEVDFE�GSPN�GJSTU�QSJODJQMFT��8IFO�UIF�CBOET�JO�RVFTUJPO�BSF�$)
�/)
�BOE�0)�	�
����

o��
����DN J
K


�UIF�PWFSUPOFT�BOE�DPNCJOBUJPOT�NBLF�VQ�NVDI�PG�UIF�/*3�TQFDUSVN��

W�	DN R�O 
� "TTJHONFOU�

���� ν S �
���� ν M ���ν S �
�
���� ν M �
�
���� ν T �
�
���� ν S ���ν T �
�
���� ��ν M �
�
���� ν M ���ν T �

Table B-2: Band assignments for the infrared spectrum of SO2. O	U  

8IJMF�SFBEJMZ�BQQBSFOU� JO�UIF�CFUUFS�SFTPMWFE�NJE�*3
� UIFTF�FGGFDUT
� MJLF�GVOEBNFOUBMT
�

PWFSUPOFT
�BOE�DPNCJOBUJPOT�PG�UIFTF�UXP
�JT�TPNFXIBU�EJGGJDVMU�UP�PCTFSWF�JO�UIF�/*3�

SFHJPO
�PGUFO�IJEEFO�VOEFS� UIF�CSPBE
� PWFSMBQQJOH�QFBLT�BTTPDJBUFE�XJUI� UIJT� SFHJPO��

"EEJOH�'FSNJ� SFTPOBODF� UP� UIF�PWFSMBQQJOH�DPNCJOBUJPO�BOE�PWFSUPOF�CBOET�BMSFBEZ�

TFFO� JO� UIF�/*3
� JU� JT� FBTZ� UP�VOEFSTUBOE�XIZ� UIF� SFHJPO�XBT�EJTNJTTFE� GPS� TP�NBOZ�

ZFBST�BT�VOVTBCMF��8JUI�DVSSFOU�DPNQVUFST�BOE�DIFNPNFUSJD�TPGUXBSF
�IPXFWFS
�UIFTF�

CSPBE
�VOEJTUJOHVJTIFE�CBOET�BSF�NFSFMZ�OPO�FTUIFUJD�XIJMF�FNJOFOUMZ�VTBCMF��5IF�/*3�
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TJHOBM�NFBTVSFE�JT�B�DPNQMFY�GVODUJPO�PG�QIZTJDBM�BOE�DIFNJDBM�QBSBNFUFST�UIBU�IBT�UP�

CF�SFTPMWFE�DIFNPNFUSJDBMMZ� M T �

�

Figure B-16: Table of near-infrared absorption bands of common functional chemical 

groups assigned to overtones and combinations. O�V  

#����� /*3�TBNQMJOH�NPEFT�

%JGGFSFOU�TBNQMJOH�UFDIOJRVFT�BSF�MFBEJOH�UP�EJWFSTF�SFTVMUT��%FQFOEJOH�PO�UIF�JOUFSFTU�

PG�JOGPSNBUJPO�BO�BEFRVBUF�JMMVNJOBUJPO�NPEF�IBT�UP�CF�TFMFDUFE��

#�������5SBOTNJUUBODF�

*O�DBTF�PG�MJRVJET
�TPMVUJPOT
�HPPET�JO�CVML
�TPMJET�BOE�UBCMFUT�PS�DBQTVMFT�USBOTNJUUBODF�

NFBTVSFNFOUT� BSF� WFSZ� DPNNPO�� 5IF� MJHIU� TPVSDF� BOE� UIF� EFUFDUPS� BSF� QPTJUJPOFE�

PQQPTJUF� PG� FBDI� PUIFS� BOE� UIF� JODJEFOU� MJHIU� IBT� UP� DSPTT� UIF� XIPMF� TBNQMF� UP� CF�

EFUFDUFE��5IVT�UIF�TQFDUSVN�DPOUBJOT�B�TVN�PG�JOGPSNBUJPO�BCPVU�TVSGBDF�BOE�DPSF�PG�

UIF�TBNQMF��0O�UIF�PUIFS�IBOE�UIJT�UFDIOJRVF�JT�POMZ�BQQMJDBCMF�JG�MJHIU�JOUFOTJUZ�JT�IJHI�

FOPVHI� UP� QFOFUSBUF� UIF� TBNQMF� EFQFOEJOH� PO� UIF� BCTPSQUJPO� DPFGGJDJFOU� BOE� UIF�

TBNQMF�UIJDLOFTT��
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#�������%JGGVTF�SFGMFDUBODF�
*O�DPOUSBTU� UP� UIF�QSJPS� UIF�EJGGVTF�SFGMFDUBODF�NPEF� JT�VTFE�GPS�TPMJE�TVCTUBODFT�BOE�

SFRVJSFT� B� EJGGFSFOU� TQFDUSPNFUFS� DPOGJHVSBUJPO��8IFSFBT� TPVSDF� BOE�EFUFDUPS� BSF� PO�

UIF� TBNF� TJEF� JO� BO� BOHMF�PG� ���� UP� FBDI� PUIFS
� UIF� MJHIU� SFBDIFT� UIF� TVSGBDF� PG� UIF�

TBNQMF��%FQFOEJOH�PO� JUT�TUSVDUVSF� JU�QFOFUSBUFT�TPNF�NJMMJNFUFST�BOE�UIF�NBKPSJUZ� JT�

BCTPSCFE�� 5IF� SFTU� JT� SFGMFDUFE� CVU� SFBDIFT� POMZ� QBSUJBMMZ� UIF� EFUFDUPS�� 5IF� EFFQFS�

[POFT�PG�UIF�TBNQMF�BSF�OPU�SFHBSEFE��*G�UIF�QIZTJDBM�QSPQFSUJFT�PG�UIF�TVSGBDF
�MJLF�F��H��

UIF� QBSUJDMF� TJ[F
� WBSZ� B� MPU� UIF� DPSSFTQPOEJOH� TQFDUSVN�NBZ�CF� EPNJOBUFE�CZ� UIFTF�

JOGMVFODFT�SBUIFS�UIBO�UIF�DIFNJDBM�JOGPSNBUJPO��*G�UIF�TVSGBDF�JT�B�������SFGMFDUPS�MJLF�

4QFDUSBMPO�WJSUVBMMZ�OP�BCTPSCBODF�XJMM�CF�SFDPHOJ[FE��

�

Figure B-17: Illustration of NIR measurements in diffuse reflectance and transmittance 

mode. 

#�������5SBOTGMFDUBODF�
5SBOTGMFDUBODF�DPNCJOFT�CPUI�USBOTNJUUBODF�BOE�SFGMFDUBODF�NPEFT�BOE�DBO�CF�VTFE�

GPS�CPUI
�TPMJE�BOE�MJRVJE�TVCTUBODFT��#FIJOE�UIF�TBNQMF�B�NJSSPS�JT�JOTUBMMFE�UP�SFGMFDU�

UIF� MJHIU�CBDL�PO� UIF�EFUFDUPS�CFJOH�PO� UIF�TBNF�TJEF�BT� UIF�TPVSDF�XIFSF�EJGGVTFMZ�

SFGMFDUFE�BOE�USBOTNJUUFE�MJHIU�JT�EFUFDUFE�JO�NFBO�UJNF��8IJMF�UIF�JODJEFOU�MJHIU�IBT�UP�

DSPTT�UIF�TBNQMF�FWFO�UXJDF
�IFSF�UIF�SFTUSJDUJPOT�PG�USBOTNJUUBODF�NFBTVSFNFOUT�BSF�

FTQFDJBMMZ�SFMFWBOU��

"MM�PG�UIFTF�TBNQMJOH�NPEFT�DBO�CF�DPNCJOFE�XJUI�JO�TPNF�DBTFT�FWFO�WFSZ�MPOH�GJCFS�

PQUJD� QSPCFT� PVU� PG� RVBSU[� HMBTT
� HVJEJOH� UIF� JODJEFOU� MJHIU� UP� UIF� TBNQMJOH� [POF� PS�

MFBEJOH�UIF�SFGMFDUFE�MJHIU�CBDL�UP�UIF�EFUFDUPS��

-BNQ�
%FUFDUPS�

4BNQMF�

.POPDISPNBUPS� %FUFDUPS�
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Figure B-18: Overview of the different sampling modes that can also be combined. 

#����� *OTUSVNFOUBUJPO�

1FSIBQT� UIF� TUSPOHFTU� JNQFUVT� GPS� UIF� EFWFMPQNFOU� JO� /*3� TQFDUSPTDPQZ� JO�

QIBSNBDFVUJDBM� BQQMJDBUJPOT� IBT� CFFO� UIF� FYQMPTJWF� HSPXUI� JO� CPUI� UIF� UZQFT� BOE�

TPQIJTUJDBUJPO�PG�/*3�FRVJQNFOU�BOE�TPGUXBSF��&TUBCMJTIFE�NBOVGBDUVSFST�EFWFMPQ�OFX�

/*3�FRVJQNFOU�ZFBSMZ�BOE�OFX�NBOVGBDUVSFST�BQQFBS�SFHVMBSMZ��

5IF� EJGGFSFOU� TQFDUSPNFUFS� UZQFT� DBO� CF� DMBTTJGJFE� JO� EJTQFSTJWF� BOE� OPO�EJTQFSTJWF�

JOTUSVNFOUT��'JMUFS
�(SBUJOH
�BOE�"05'�JOTUSVNFOUT�CFMPOH�UP�UIF�EJTQFSTJWF�POFT
�XIJMF�

'5� TQFDUSPNFUFST� BOE� EJPEF� BSSBZ� TZTUFNT� BSF� OPO�EJTQFSTJWF� BOE� DPMMFDU� BMM� UIF�

XBWFMFOHUIT� TJNVMUBOFPVTMZ�� 8JUIPVU� SFTQFDU� UP� UIF� UZQF� PG� TQFDUSPNFUFS� VTVBMMZ� B�

UVOHTUFO�IBMPHFO�MBNQ�JT�JOTUBMMFE
�XJUI�B�IJHI�MJHIU�JOUFOTJUZ�JO�UIF�EFTJSFE�XBWFMFOHUI�

SBOHF��7BSJPVT�DPPMFE�TFNJ�DPOEVDUJWF�QIPUP�DFMMT�NBEF�PG�(F
�4J
�1C4
�*O4C
�*O"T
�BOE�

*O(B"T� 	TPSUFE� BDDPSEJOH� UP� JODSFBTJOH� TFOTJUJWJUZ
� BSF� VTFE� BT� EFUFDUPST�� 'PS� UIF�

DIPJDF�PG�UIF�EFUFDUPS�UIF�TQFDJGJD�DIBSBDUFSJTUJDT�PG�UIF�TQFDUSPTDPQJD�UFDIOJRVF�IBWF�

UP� CF� DPOTJEFSFE
� MJLF� MJHIU� JOUFOTJUZ� BOE�NFBTVSJOH� WFMPDJUZ�� 5IF�/*3�NFBTVSFNFOUT�

BSF�QFSGPSNFE�BHBJOTU�TDBOT�PG�SFGFSFODF�TUBOEBSET�PG�IJHI�SFGMFDUJWF�NBUFSJBMT
�VTVBMMZ�

DFSBNJDT�PS�5FGMPO��

5IJT�DIBQUFS�EFBMT�QSJNBSJMZ�XJUI�UIF�UISFF�UZQFT�PG�TQFDUSPNFUFST�UIBU�XFSF�EFQMPZFE�

EVSJOH� UIF� DVSSFOU�XPSL��BO�"##�#PNFN�'5�/*3
�B�#SJNSPTF�"05'�/*3�BOE�B� '044�

/*34ZTUFNT�HSBUJOH�TQFDUSPNFUFS�BT�MBCPSBUPSZ�SFGFSFODF��
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Figure B-19: Emission intensities of light sources used in spectroscopy. O�W  

#�������'PVSJFS�USBOTGPSN�	'5
�TQFDUSPNFUFS�

%FWFMPQFE� JO� UIF� MBUF� ��UI� DFOUVSZ� CZ�.JDIBFMTPO
� UIF�NPWJOH�NJSSPS� JOUFSGFSPNFUFS�

XBT� JOJUJBMMZ� EFTJHOFE� UP� EFUFSNJOF� UIF� TQFFE� PG� MJHIU�� 8IJMF� VTJOH� UIF� JOTUSVNFOU
�

.JDIFMTPO�OPUJDFE�TPNF�EJGGFSFODF�JO�UIF�JOUFSGFSFODF�QBUUFSO�XIFO�WBSJPVT�NBUFSJBMT�

XFSF� QMBDFE� JO� UIF� CFBN�� )PXFWFS
� JU� XBT� OPU� VOUJM� SPVHIMZ� ����� XIFO� UIF�

NBUIFNBUJDBM� USFBUNFOU�PG� 'PVSJFS�XBT�BQQMJFE� UP� UIF� JOUFSGFSPHSBN�QSPEVDFE�CZ� UIF�

EFWJDF�UIBU�BO�JOGSBSFE�TQFDUSVN�XBT�TFFO��5IF�TQFFE�BOE�BEWBOUBHFT�PG� UIF�'PVSJFS�

USBOTGPSN� JOGSBSFE� 	'5�*3
� JOTUSVNFOU� SBQJEMZ� NBEF� JU� B� DMFBS� DIPJDF� PWFS� FJUIFS� UIF�

QSJTN�PS�HSBUJOH�NPEFMT� GPS�NPTU� MBCPSBUPSZ�BQQMJDBUJPOT� JO� UIF�NJE�� BOE� GBS�JOGSBSFE�

SFHJPOT��

¾ #BDLHSPVOE�

"OZ� XFMM�CFIBWFE� QFSJPEJD� GVODUJPO� 	TVDI� BT� B� TQFDUSVN
� DBO� CF� SFQSFTFOUFE� CZ� B�

'PVSJFS�TFSJFT�PG�TJOF�BOE�DPTJOF�XBWFT�PG�WBSZJOH�BNQMJUVEFT�BOE�IBSNPOJDBMMZ�SFMBUFE�

GSFRVFODJFT��"�UZQJDBM�/*3�TQFDUSVN�NBZ�CF�EFGJOFE�NBUIFNBUJDBMMZ�CZ�B�TFSJFT�PG�TJOF�

BOE�DPTJOFT�JO�UIF�GPMMPXJOH�&RVBUJPO�#����
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Equation B-8: Fourier transformation, with a0 = average of the spectrum (mean term),  

ai and bi = weighting factors (or coefficient pairs), for n = 1, 2, 3, ... is the Fourier index. 

5IJT�FRVBUJPO�UVSOT�UIF�JOUFSGFSPHSBN�JOUP�B�TQFDUSVN�PS�DBO�DPOWFSU�B�TQFDUSVN�JOUP�

XPSLBCMF�QJFDFT��5IJT�'PVSJFS�GBDUPS�DPODFQU�XBT�FYQMPSFE�CZ�.D$MVSF�XJUI�EBUB�GSPN�

/*3�TQFDUSB��'PS�JOTUBODF
�UIF�GJSTU�GBDUPS�IBT�UIF�MBSHFTU�TJOF�XBWF��4JODF�UIF�kTMPQJOH�

CBTFMJOFk�BTTPDJBUFE�XJUI�EJGGVTF�SFGMFDUJPO�JT�DBVTFE�MBSHFMZ�CZ�TDBUUFSJOH
�UIJT�QJFDF�PG�

UIF� TQFDUSVN� DPVME� CF� EJTDBSEFE� CZ� SFDPOTUSVDUJOH� UIF� TQFDUSVN� XJUIPVU� UIF� GJSTU�

'PVSJFS� UFSN�� 0GUFO
� UIF� MBUFS� 'PVSJFS� UFSNT� EFTDSJCF� UIF� JOTUSVNFOU� OPJTF� 	IJHI�

GSFRVFODZ�TJHOBMT�WFSTVT�CSPBE
�MPX�GSFRVFODZ�BCTPSCBODF�CBOET

�BOE�ESPQQJOH�UIFN�

GSPN�UIF�SFDPOTUSVDUFE�TQFDUSVN�IBT�B�TNPPUIJOH�FGGFDU� M Y �

¾ 1SJODJQMF�PG�NFBTVSFNFOU�

"�.JDIFMTPO� JOUFSGFSPNFUFS� JT� TFFO� JO� 'JHVSF�#����� 5IF� MJHIU� GSPN� UIF� TPVSDF� JT� TQMJU�

JOUP� UXP� TFHNFOUT� CZ� UIF� CFBN� TQMJUUFS�� 0OF� QPSUJPO� USBWFMT� UP� B� GJYFE�NJSSPS� BOE� JT�

SFGMFDUFE� CBDL� UP� UIF� TQMJUUFS�� 5IF� TFDPOE� JNQJOHFT� PO� B�NPWJOH�NJSSPS� BOE� SFUVSOT�

SFDPNCJOFE�XJUI�UIF�GJSTU�QPSUJPO�PG�UIF�MJHIU��5IF�QBUUFSO�PG�QFBLT�BOE�WBMMFZT�	DBVTFE�

CZ�DPOTUSVDUJWF�BOE�EFTUSVDUJWF�JOUFSGFSFODFT�IFODF�UIF�OBNF�JOUFSGFSPNFUFS
�JT�DBMMFE�

BO�JOUFSGFSPHSBN��"�TQFDUSVN�FWPMWFT�XIFO�UIJT�JOUFSGFSPHSBN�JT�EFDPOWPMVUFE�CZ�TPNF�

NBUIFNBUJDBM� NFBOT
� F�H�� B� 'PVSJFS� USBOTGPSN�� 5IF� SFTPMVUJPO� PG� BO� '5� TQFDUSPNFUFS�

EFQFOET� PO� UIF� DPWFSFE� EJTUBODF� PG� UIF� NJSSPS�� 5IF� MPOHFS� UIF� XBZ
� UIF� IJHIFS� UIF�

SFTPMVUJPO
� CVU� UIF� NPSF� UJNF� JT� OFDFTTBSZ� QFS� TDBO� FJUIFS�� 8JUIPVU� SFTQFDU� UP� UIF�

SFRVJSFE�XBWFMFOHUI� SBOHF
� UIF�NJSSPS� 	PS� XJTICPOF
� BMXBZT� BDDPNQMJTIFT� BO� FOUJSF�

NPWFNFOU��0OF�TDBO�JT�EFGJOFE�BT�UIF�XBZ�CBDL�BOE�GPSUI��
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Figure B-20: Michaelson interferometer (a = light source, b = beam splitter, c = moving 

mirror, d = fixed mirror, e = sample, f = detector). The resolution of the scan is dependent on 

the moving distance of the mirror c. 

�

Figure B-21: The Bomem Michelson Interferometer, an interference-type spectrometer with 

moving wishbone scan arm and cubic mirrors. The helium-neon laser serves as wavelength 

reference for self-readjustment. O�Z  
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5IF�QPQVMBSJUZ� PG� JOUFSGFSPNFUFST� JO�NJE�JOGSBSFE�IBT� DBSSJFE�PWFS� UP�/*3��4QFFE�BOE�

IJHI�SFTPMVUJPO�TQFDUSB�BSF�UIF�TUSFOHUIT�PG�'5�JOTUSVNFOUBUJPO��

5IFZ� BSF� GBTU� XJUI� UIF� IJHIFTU� QPTTJCMF� SFTPMVUJPO
� BMUIPVHI� UIF� TDBO�BWFSBHJOH�

SFRVJSFE� GPS�BEFRVBUF�4���/�SBUJP�NBZ�QSPWJEF�VMUJNBUF�TDBO� UJNFT� UIBU�BSF�TJNJMBS� UP�

PUIFS� JOTUSVNFOUBUJPO�� 5IFZ� BSF� UIF� CFTU� CFU� GPS� BOBMZ[JOH� HBTFT� PS�NBUFSJBMT� XIFSF�

SFTPMVUJPO�JT�DSJUJDBM�	EVF�UP�TIBSQ�λ [ P�\ 
��.BOZ�BDUJWF�QIBSNBDFVUJDBM�JOHSFEJFOUT�	"1*T
�

BSF�DSZTUBMMJOF�BOE�IBWF�TIBSQ�QFBLT
�FWFO�JO�UIF�/*3��*O�TVDI�DBTFT
�UIF�SFTPMVUJPO�PG�B�

'5�JOTUSVNFOU�JT�B�QMVT��

5IF�VTVBM�BEWBOUBHFT�PG�'5�*3T�EP�OPU�OFDFTTBSJMZ�BQQMZ�JO�UIF�/*3
�IPXFWFS��8JUI�/*3�

UIF� TPVSDF� JT� RVJUF� TUSPOH
� UIF� BCTPSCBODF� WFSZ�XFBL
� BOE� UIF� EFUFDUPS	T
� RVJFU� BOE�

TFOTJUJWF��5IF�FYUSB�FOFSHZ�DBO
�JO�TPNF�DBTFT
�CVSO�UIF�TBNQMF��-BDUPTF�JT�BO�FYBNQMF�

PG�B�QIBSNBDFVUJDBM�FYDJQJFOU�CSPXOFE�CZ�UIF�FOFSHZ�PG�'5�/*3��*O�BEEJUJPO
�TJODF�NPTU�

/*3� QFBLT� BSF� CSPBE� BOE� SFMBUJWFMZ� GFBUVSFMFTT� IJHI� SFTPMVUJPO� VTVBMMZ� BEET� OPJTF
�

XIJDI�JT
�CZ�OBUVSF
�IJHI�GSFRVFODZ��

#�������"DPVTUP�PQUJDBM�UVOBCMF�GJMUFS�	"05'
�TQFDUSPNFUFS�

5IF�CBTJD�DPOTUSVDUJPO�PG�B�DPOWFOUJPOBM�TJOHMF�CFBN�TQFDUSPNFUFS�TQMJUT�UIF�MJHIU�XJUI�

B� EJTQFSTJWF� FMFNFOU� 	QSJTN� PS� HSJE
� BOE� UIF� EFTJSFE� TQFDUSBM� QPSUJPO� JT� UIFO�QBTTFE�

UISPVHI�UIF�TBNQMF��5IF�UPUBM�TQFDUSVN�JT�PCUBJOFE�UISPVHI�UIF�NFDIBOJDBM�NPWFNFOU�

PG� UIF�EJTQFSTJPO�FMFNFOU��)PXFWFS
� UIF�NFDIBOJDT�PG� UIF�TZTUFN� MJNJUT� UIF�BCTPMVUF�

XBWFMFOHUI�SFQSPEVDJCJMJUZ��5SBEJUJPOBM�JOTUSVNFOUT�IBWF�SFMBUJWFMZ�TMPX�EBUB�BDRVJTJUJPO�

SBUFT�BOE�JTTVFT�PG�BCTPMVUF�XBWFMFOHUI�DBMJCSBUJPO��"MTP
�UIFZ�BSF�VTVBMMZ�UPP�EFMJDBUF�

UP�EFQMPZ�JO�EJSFDU�QSPDFTT�DPOUSPM�BQQMJDBUJPOT�PO�UIF�QMBOU�GMPPS��5IFTF�EJTBEWBOUBHFT�

BSF�PWFSDPNF�CZ�UIF�"05'�UFDIOPMPHZ�UISPVHI�UIF�VTF�PG�B�QSFDJTF�FMFDUSPOJD�TDBOOJOH�

PG�B�TQFDUSVN��

¾ #BDLHSPVOE�

"DPVTUP�PQUJD� JOUFSBDUJPO� PDDVST� JO� BMM� PQUJDBM� NFEJVNT� XIFO� BO� BDPVTUJD� XBWF� JT�

MBVODIFE� JOUP� UIF� PQUJDBM�NFEJVN�� *U� HFOFSBUFT� B� SFGSBDUJWF� JOEFY�XBWF� UIBU�CFIBWFT�

MJLF� B� TJOVTPJEBM� HSBUJOH�� "O� JODJEFOU� MBTFS� CFBN� QBTTJOH� UISPVHI� UIJT� HSBUJOH� XJMM�

EJGGSBDU� JOUP� TFWFSBM� PSEFST�� 8JUI� BQQSPQSJBUF� EFTJHO
� UIF� GJSTU� PSEFS� CFBN� IBT� UIF�
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IJHIFTU�FGGJDJFODZ��*UT�BOHVMBS�QPTJUJPO�JT�MJOFBSMZ�QSPQPSUJPOBM�UP�UIF�BDPVTUJD�GSFRVFODZ��

UIF�IJHIFS�UIF�GSFRVFODZ
�UIF�MBSHFS�UIF�EJGGSBDUFE�BOHMF��

]
]
9
I λ⋅

=Θ �

Equation B-9: Computation of the refractive angle, where O = optical wavelength in air,  

fa = acoustic frequency, Va = acoustic velocity, 4 = angle between the incident and the 

diffracted laser beam. 

5IF� JOUFOTJUZ�PG� MJHIU�EJGGSBDUFE�	EFGMFDUFE
� JT�QSPQPSUJPOBM� UP� UIF�BDPVTUJD�QPXFS�	1 PB^ 

�
UIF�NBUFSJBM�GJHVSF�PG�NFSJU�	. N 

�HFPNFUSJD�GBDUPST�	-���)
�BOE�JOWFSTFMZ�QSPQPSUJPOBM�UP�

UIF�TRVBSF�PG�UIF�XBWFMFOHUI��5IJT�JT�TFFO�JO�&RVBUJPO�#�����












⋅

⋅⋅
== +
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λ
πη �

Equation B-10: Computation of the intensity of the diffracted light. 

8JUI�BDPVTUP�PQUJDT� CPUI�EFGMFDUJPO�BOE�NPEVMBUJPO�PG� UIF�BNQMJUVEF�PG� UIF� CFBN� JT�

QPTTJCMF��"MTP
� JO� UIF�BDPVTUP�PQUJD� JOUFSBDUJPO� UIF� MBTFS�CFBN�GSFRVFODZ� JT�TIJGUFE�CZ�

BO�BNPVOU�FRVBM�UP�UIF�BDPVTUJD�GSFRVFODZ� M b �

¾ 1SJODJQMF�PG�NFBTVSFNFOU�

5IF� "05'� NPEVMF� JT� NPTU� DPNNPOMZ� CBTFE� PO� B� NPOP�DSZTUBM� PG� UFMMVSJVN� EJPYJEF�

	5F0 N 
�QSPWJEFE�XJUI�B� UIJO�QJF[P�FMFDUSJD�NPOP�DSZTUBM�QMBUF��8IFO�B�IJHI�GSFRVFODZ�

FMFDUSJD� GJFME� JT� BQQMJFE� UP� UIJT�QJF[P� DSZTUBM� 	-J/C0 c 
� CZ� WBQPS�DPBUFE�FMFDUSPEFT
� UIF�
QJF[P�QMBUF�HFOFSBUFT�B�IJHI�GSFRVFODZ�BDPVTUJD�XBWF�	VMUSB�TPOJD
�QSPQBHBUJOH�JO�UIF�

UFMMVSJVN�EJPYJEF�DSZTUBM��

"T� UIFTF� BDPVTUJD�XBWFT� QBTT� UISPVHI� UIF� 5F0 N 
� UIFZ� DBVTF� UIF� DSZTUBM� MBUUJDF� UP� CF�
BMUFSOBUFMZ�DPNQSFTTFE�BOE�SFMBYFE��5IF�SFTVMUBOU�SFGSBDUJWF�JOEFY�WBSJBUJPOT�BDU�MJLF�B�

USBOTNJTTJPO� EJGGSBDUJPO� HSBUJOH� PS� #SBHH� EJGGSBDUFS�� )PXFWFS
� VOMJLF� B� DMBTTJDBM�

EJGGSBDUJPO�HSBUJOH
�UIF�"05'�POMZ�EJGGSBDUT�POF�TQFDJGJD�XBWFMFOHUI�PG� MJHIU
�BDDPSEJOH�

UP�UIF�GSFRVFODZ�PG�BO�BQQMJFE�3'�TPVSDF
�TP�UIBU�JU�BDUT�NPSF�MJLF�B�GJMUFS�UIBO�B�HSBUJOH��

5IJT�JT�B�SFTVMU�PG�UIF�GBDU�UIBU�UIF�EJGGSBDUJPO�UBLFT�QMBDF�PWFS�BO�FYUFOEFE�WPMVNF
�OPU�

KVTU�BU�B�TVSGBDF�PS�QMBOF
�BOE�UIBU�UIF�EJGGSBDUJPO�QBUUFSO�JT�NPWJOH�JO�SFBM�UJNF� M d �
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Figure B-22: Schematic drawing of the AOTF crystal. O�e  

*O�DBTF�PG�UIF�DPMMJOFBS�"05'T
�UIF�3'�USBOTEVDFST�BSF�NPVOUFE�PO�UIF�DSZTUBM�TP�UIBU�

BDPVTUJD�XBWFT�USBWFM�MPOHJUVEJOBMMZ�UISPVHI�UIF�DSZTUBM
�UIBU�JT
�JO�UIF�TBNF�EJSFDUJPO�BT�

UIF� MJHIU� XBWFT�� "� OPO�MJOFBS� JOUFSBDUJPO� JO� UIF� DSZTUBM� MFBET� UP� BO� FGGFDU� TJNJMBS� UP�

GSFRVFODZ�NJYJOH
�VTFE�UP�TIJGU�UIF�GSFRVFODZ�PG�MBTFS�CFBNT��*O�TJNQMF�UFSNT
�B�QIPUPO�

PG� MJHIU� 	ν K 
� DPNCJOFT� XJUI� BO� BDPVTUJD� QIPOPO� UP� HFOFSBUF� B� OFX� QIPUPO� 	ν N 
� PG�
EJGGFSFOU�FOFSHZ��ν K �±�ν PBf ��5IJT�FOFSHZ�TIJGU� JT�FYUSFNFMZ�TNBMM�HJWFO�UIBU�ν K � JT�UZQJDBMMZ�
��

g
�MBSHFS�UIBO�ν P!f ��

#FDBVTF�UIF�TIJGUJOH�UBLFT�QMBDF�PWFS�B�MBSHF�QBUI�UISPVHI�UIF�DSZTUBM�	UZQJDBMMZ���DN

�

UIF�JODJEFOU�MJHIU�BOE�EJGGSBDUFE�MJHIU�NVTU�IBWF�UIF�TBNF�QIBTF�WFMPDJUZ�	UIBU�JT
�UIFZ�

NVTU�CF�QIBTF�NBUDIFE
��0UIFSXJTF�UIF�EJGGSBDUFE�XBWFT�HFOFSBUFE�BU�EJGGFSFOU�QPJOUT�

BMPOH� UIF� USBOTNJTTJPO� QBUI� XJMM� CF� PVU� PG� QIBTF� BOE� JOUFSGFSF� EFTUSVDUJWFMZ�� 5IF�

JODJEFOU�BOE�EJGGSBDUFE�MJHIU�IBWF�TMJHIUMZ�EJGGFSFOU�GSFRVFODJFT
�IPXFWFS
�CFDBVTF�UIFZ�

XJMM� OBUVSBMMZ� USBWFM� BU� EJGGFSFOU� WFMPDJUJFT� CFDBVTF� PG� EJTQFSTJPO�� 5IF� DPMMJOFBS� "05'�

UBLFT�BEWBOUBHF�PG�CJSFGSJOHFODF��5IF�HFPNFUSZ�PG�UIJT�DSZTUBM� JOUFSBDUJPO�JT�TFU�VQ�TP�

UIBU� UIF� EJGGSBDUFE� MJHIU� IBT� JUT� QPMBSJ[BUJPO� SPUBUFE� ���� XJUI� SFTQFDU� UP� UIF� JODJEFOU�

MJHIU�� 'PS� B�HJWFO�3'� WBMVF� 	QIPOPO�FOFSHZ

� UIFSF� JT�POMZ�POF�XBWFMFOHUI�PG� MJHIU� JO�

XIJDI� UIF� WFMPDJUJFT� PG� UIF� JODJEFOU� BOE� TIJGUFE� MJHIU� BSF� FRVBM� CFDBVTF� PG� UIFJS�

PSUIPHPOBM�QPMBSJ[BUJPO�	UIF�QIBTF�NBUDIJOH�DPOEJUJPO
��5IF�POMZ�PUIFS�UIJOH�OFDFTTBSZ�

UP� NBLF� B� GVODUJPOJOH� "05'� JT� UP� QMBDF� BQQSPQSJBUF� QPMBSJ[FST� PO� FJUIFS� FOE� PG� UIF�

EFWJDF�TP�UIBU�MJHIU�USBWFMJOH�UISPVHI�UIF�DSZTUBM�JT�QMBOF�QPMBSJ[FE� S Y �
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¾ %JTDVTTJPO�

5IF� "05'� PGGFST� TFWFSBM� TJHOJGJDBOU� BEWBOUBHFT� DPNQBSFE� UP� DPOWFOUJPOBM�

NPOPDISPNBUPS� TZTUFNT�� 5IF� TPMJE� TUBUF� UVOBCMF� GJMUFS� USBOTNJUT� TFMFDUFE�

NPOPDISPNBUJD�SBEJBUJPO�XJUIPVU�NPWJOH�QBSUT�UIVT�DBMJCSBUJPO�DBO�OPU�CF�BGGFDUFE�CZ�

PSJFOUBUJPO� DIBOHFT� PS� FWFO� WJCSBUJPOT� BOE� JU� GVODUJPOT�XFMM� FWFO� JO� IBSTI� JOEVTUSJBM�

FOWJSPONFOUT��

5IF�"05'� JT�BMTP�B�IJHI�TQFFE�QSPHSBNNBCMF�EFWJDF�DBQBCMF�PG� SBOEPNMZ�BDDFTTJOH�

UIPVTBOET� PG� XBWFMFOHUIT� JO� MFTT� UIBO� B� TFDPOE�� *O� GBDU
� UIF� XBWFMFOHUI� PG� UIF�

USBOTNJUUFE� MJHIU� EFQFOET� POMZ� PO� UIF� BQQMJFE� 3'�� JO� NPTU� JOTUBODFT
� UIJT� TJHOBM� JT�

EJHJUBMMZ�HFOFSBUFE�BOE�DPOUSPMMFE�GPS�WFSZ�GBTU�SFQFBUBCMF�QSFDJTJPO�BOE�BDDVSBDZ��*U�JT�

BCMF�UP�SFDPSE�B�DPNQMFUF�TQFDUSVN�PS�QPSUJPO�PG�UIF�/*3�BCTPSQUJPO�TQFDUSVN�PS�DBO�

BMMPX� UIF�VTFS� UP� TFMFDU�EJTDSFUF� TJOHMF�XBWFMFOHUIT� UP� PCTFSWF� UIF�/*3� BCTPSQUJPO� Sih �
1SPHSBNNBCMF�XBWFMFOHUI�DPOUSPM�HJWFT�B�IJHI�GMFYJCJMJUZ
�BMMPXJOH�UIF�TQFDUSPNFUFS�UP�

CF� SFBEJMZ� BEBQUFE� GPS� DVTUPN� BOBMZUJDBM� BQQMJDBUJPOT�� 'VSUIFSNPSF� UIF� UISPVHIQVU� JT�

OPU�MJNJUFE�CZ�TMJUT
�BOE�FYQPTVSF�PG�UIF�TBNQMF�UP�XIJUF�MJHIU
�BT�XJUI�B�EJPEF�BSSBZ�PS�

BO�'5�JOTUSVNFOU
�JT�BWPJEFE� S M �-PX�FOFSHZ�MJHIU�TPVSDFT�BSF�TVJUBCMF�BOE�IBWF�B�MPOHFS�
MJGFUJNF� UIBO� USBEJUJPOBM� TPVSDFT�� 5IJT� FOBCMFT� B� IJHI� MJHIU� UISPVHIQVU
� BOE� JO� NBOZ�

BQQMJDBUJPO�BSFBT�OP�GJCFS�PQUJD�QSPCFT�BSF�SFRVJSFE��

*O�TQJUF�PG�UIF�BQQBSFOU�BEWBOUBHFT
�UIF�"05'�EPFT�IBWF�TPNF�TFWFSF�MJNJUBUJPOT��'PS�

FYBNQMF
�UIF�EFTJHO�PG� UIF�DSZTUBM�GPSDFT�BO�BOHVMBS� JOQVU�XJUI�B�OBSSPX�GJFME�PG�WJFX�

	MPX� G P � OVNCFS� JO� &RVBUJPO� #��
�� 5IJT�NBLFT� UIFN� MFTT� BUUSBDUJWF� GPS� BQQMJDBUJPOT� JO�

XIJDI� UIF� PQUJDBM� JOGPSNBUJPO� 	PS� TJHOBM
� JT�XFBL
� QBSUJDVMBSMZ� GPS� JNBHJOH� QSPDFTTFT��

*ODSFBTJOH� UIF� CBOEQBTT� PG� UIFTF� EFWJDFT� CFZPOE� ��� �� ��� µN� JT� EJGGJDVMU� JG� OPU�

JNQPTTJCMF��UIVT�NBOZ�CSPBECBOE�BQQMJDBUJPOT�BSF�FYDMVEFE� S	S �

*O� DPNQBSJTPO� UP� PUIFS� TQFDUSPNFUFS� DPODFQUT� MJLF� '5� PS� HSBUJOHT� UIF� TQFDUSBM�

SFTPMVUJPO� PG� "05'� DSZTUBMT� JT� SFMBUJWFMZ� MPX
� EFDSFBTJOH� UP� MPOHFS� XBWFMFOHUIT�� SiT �
/FWFSUIFMFTT
�PWFSBMM�JU�DBO�CF�TUBUFE�UIBU�"05'�TQFDUSPNFUFST�BSF�XFMM�TVJUFE�GPS�IJHI�

TQFFE� BQQMJDBUJPOT� BOE� JOTUBMMBUJPOT� JO� DSJUJDBM� BSFBT
� CFJOH� FBTZ� UP� BDIJFWF� BOE�

NBJOUBJO�� *U� DBO�CF� JODPSQPSBUFE� JO� B� TFBMFE� TZTUFN�VTJOH� GJCFS� PQUJDT� GPS�NFBTVSJOH�

SFNPUF�TBNQMFT�PS�GPS�VTF�JO�FYUSFNFMZ�IPTUJMF�DPOEJUJPOT� S�h �
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#�������4DBOOJOH�HSBUJOH�NPOPDISPNBUPS�TQFDUSPNFUFS�

)PMPHSBQIJD� HSBUJOH� NPOPDISPNBUPST� BSF� BNPOH� UIF� MBSHFTU� TFMMJOH� UZQF� PG� /*3�

JOTUSVNFOUT� UPEBZ��3FQMBDJOH� UIF�QSJTN� JOTUSVNFOUT�PG� UIF�����T�BOE�����T
�HSBUJOHT�

BSF�FBTJMZ�NBEF
�JOFYQFOTJWF
�BOE�MPOH�MJWFE��

¾ #BDLHSPVOE�

.PEFSO�HSBUJOHT�BSF�JOUFSGFSFODF�CBTFE��"�OFX�HSBUJOH�JT�VTVBMMZ�DPQJFE�PG�B��NBTUFS��

HSBUJOH�� *U� JT�NBOVGBDUVSFE� CZ� UIF� JOUFSGFSFODF� QBUUFSO� PG� UXP� MBTFST� JNQJOHJOH� PO� B�

QIPUPTFOTJUJWF�TVSGBDF�	UIVT
� UIF�UFSN�IPMPHSBQIJD
��5IJT�DSFBUFT� MJOFT�PG�WFSZ�TQFDJGJD�

TQBDJOH�PO�B�SFGMFDUJWF�	BMVNJOVN
�TJMWFS�PS�HPME
�TVSGBDF��8IFO�UIF�QPMZDISPNBUJD�MJHIU�

GSPN�B�TPVSDF�TUSJLFT�UIF�TVSGBDF
�JU�BDUT�MJLF�UIPVTBOET�PG�QSJTNT
�EJTQFSTJOH�UIF�MJHIU�

BDDPSEJOH�UP�#SBHH�T�MBX��

Θ= sin2GPλ �

Equation B-11: Bragg’s law, with m = order of diffraction, O = wavelength (of light emitted),  

d = distance between lines of the grating, T = angle of diffraction. 

¾ 1SJODJQMF�PG�NFBTVSFNFOU�

%FQFOEJOH� PO� UIF� BOHMF� BU� XIJDI� UIF� HSBUJOH� JT� SPUBUFE
� NPOPDISPNBUJD� MJHIU� JT�

FNJUUFE��5IF�NBKPS�EJGGFSFODF�CFUXFFO�QSJTNT�BOE�HSBUJOHT� JT� UIF�PSEFS�PG�EJGGSBDUJPO��

8IJUF�MJHIU�TUSJLJOH�B�EJGGSBDUJPO�HSBUJOH�TFQBSBUFT�JOUP�NBOZ�PSEFST�PG�SBEJBUJPO
�FBDI�

DPNQSJTJOH� B� TQFDUSVN� EJTQFSTFE� BDSPTT� B� DFSUBJO� BOHMF�� "� DIBSBDUFSJTUJD� PG� UIJT�

EJGGSBDUJPO�JT�UIF�QBSUJBM�PWFSMBQ�PG�PSEFST��"T�B�SFTVMU
�EJGGFSFOU�XBWFMFOHUIT�PSJHJOBUJOH�

GSPN� EJGGFSFOU� PSEFST� PDDVS� JO� UIF� TBNF� QPTJUJPO�� 'PS� FYBNQMF
� UIF� XBWFMFOHUIT��

�
����ON
��
����ON
�BOE�����ON�GSPN�UIF��
j�k

��

l!m

�BOE��

n m
�PSEFST
�SFTQFDUJWFMZ
�NJHIU�CF�

TVQFSJNQPTFE��

1SFGFSBCMZ
� POMZ� GJSTU� PSEFS� SBEJBUJPO� JT� VTFE� GPS� TQFDUSPQIPUPNFUSZ
� BT� JU� JT� UIF�NPTU�

JOUFOTF�� 3BEJBUJPO� GSPN� PUIFS� PSEFST� NVTU� CF� CMPDLFE� GSPN� UIF� FYJU� TMJU� UP� QSFWFOU�

kDPOUBNJOBUJOHk�UIF�GJSTU�PSEFS�SBEJBUJPO�VTFE�GPS�TQFDUSBM�BOBMZTJT��5IJT�JT�BDDPNQMJTIFE�

XJUI� PSEFS� TPSUFS� GJMUFST
� B� TFU� PG� IJHI� QBTT� GJMUFST
� XJUI� EJGGFSFOU� TIPSU� XBWFMFOHUI�

DVUPGGT�� 5IFTF� GJMUFST� BSF�NPVOUFE� JO� B� QBEEMF�XIPTF� QPTJUJPO� JT� DZDMFE� UISPVHI� UIF�

CFBN�JO�DPODFSU�XJUI�HSBUJOH�SPUBUJPO� S�o �5IJT�DPPSEJOBUFE�FGGPSU�BMMPXT�UIF�QVSF�PSEFS�PG�
MJHIU�UP�FNFSHF�BOE�JNQJOHF�PO�UIF�TBNQMF��
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8PPE�T� BOPNBMZ� EFTDSJCFT� B� HSBUJOH� BSUJGBDU�� 8PPEkT� BOPNBMZ� JT� BO� BSFB� XIFSF� UIF�

QPMBSJUZ�PG�NPOPDISPNBUJD�MJHIU�DIBOHFT
�DSFBUJOH�B�QFBL�JO�UIF�SFGFSFODF�TQFDUSVN��*U�

DBO� OPU� CF� FMJNJOBUFE
� TP� JU� IBT� UP� CF� QPTJUJPOFE
� XIFSF� JU� IBT� NJOJNVN� FGGFDU� PO�

TQFDUSBM�EBUB��

¾ %JTDVTTJPO�

5P� QSPEVDF� B� XPSLBCMF
� IJHI� 4� �� /�SBUJP� TQFDUSVN
� UIF� BOBMZTU� VTVBMMZ� DP�BEET� B�

OVNCFS�PG�TJOHMF�TQFDUSB�	���PS����TDBOT�BSF�UZQJDBM
�UP�SFEVDF�UIF�OPJTF�BQQBSFOU� JO�

BO� JOEJWJEVBM�TDBO�� *O�QSBDUJDF� UIJT�NFBOT� UIBU�B� UZQJDBM� MBCPSBUPSZ�HSBUJOH� JOTUSVNFOU�

DBO�TDBO�POF�TBNQMF�QFS�NJOVUF��5IJT� JT� GBTU�XIFO�DPNQBSFE�XJUI� UIF� GJSTU�TDBOOJOH�

TQFDUSPNFUFST
�CVU�NBZ�CF�UPP�TMPX�GPS� SFBM�UJNF�RVBMJUZ�DPOUSPM�BOBMZTFT��4JODF�NPTU�

DMBTTJDBM�FRVBUJPOT�IBWF�CFFO�HFOFSBUFE�PO�HSBUJOH� JOTUSVNFOUT
� UIFSF� JT�B�XFBMUI�PG�

JOGPSNBUJPO�BWBJMBCMF�GPS�UIF�VTFS�PG�B�HSBUJOH�TQFDUSPNFUFS��5IF�CFUUFS�JOTUSVNFOUT�BSF�

RVJUF�MPX�JO�OPJTF�BOE�IBWF�FYDFMMFOU�SFQSPEVDJCJMJUZ��

)PXFWFS
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� 1$"� GJOET� MJOFT
� QMBOFT
� BOE� IZQFS�QMBOFT� JO� B� ,�
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DPPSEJOBUF�BYJT�JO�B�,�EJNFOTJPOBM�TQBDF��5IF�QSJODJQMF�PG�SFQSFTFOUJOH�SPXT�BT�QPJOUT�
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PCTFSWBUJPOT�PG�9�BSF�EJTQMBZFE�JO�,�TQBDF�BT�B�TXBSN�PG�QPJOUT��
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Figure B-23: PCA derives a model that fits the data as well as possible in the least squares 

sense. Alternatively, PCA may be understood as maximizing the variance of the projection 

coordinates. Each observation is projected onto this line in order to get a coordinate value 

along the PC-line. This value is known as a score. 

"GUFS� NFBO� DFOUFSJOH� BOE� TDBMJOH� UP� VOJU� WBSJBODF
� UIF� EBUB� JT� TFU� SFBEZ� GPS�
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��5IJT�DPNQPOFOU�JT�UIF�MJOF�JO�UIF�

,�EJNFOTJPOBM�TQBDF�UIBU�CFTU�BQQSPYJNBUFT�UIF�EBUB�JO�UIF�MFBTU�TRVBSFT�TFOTF��5IJT�

MJOF�HPFT�UISPVHI�UIF�BWFSBHF�QPJOU��&BDI�PCTFSWBUJPO�NBZ�OPX�CF�QSPKFDUFE�POUP�UIJT�

MJOF�JO�PSEFS�UP�HFU�B�DPPSEJOBUF�WBMVF�BMPOH�UIF�1$�MJOF��5IJT�OFX�DPPSEJOBUF�WBMVF�JT�

LOPXO�BT�B�TDPSF��
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� JT� DBMDVMBUFE�� 5IF� TFDPOE� 1$� JT� BMTP�
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�XIJDI� JT�PSUIPHPOBM�UP�UIF�
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Figure B-24: The principal component loadings uncover how the PC model plane is inserted 

in the variable space. The loadings are used for interpreting the meaning of the scores. 

#Z�VTJOH�1$"�B�EBUB�UBCMF�9�JT�NPEFMFE�BT��

(37[; +′+′= 1 �

Equation B-12: The first term represents the variable averages and originates from the 

preprocessing step. The second term is the matrix product and models the structure. The 

third term, the residual matrix E, contains the noise. 
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MPBEJOHT�VOSBWFM�UIF�NBHOJUVEF�	MBSHF�PS�TNBMM�DPSSFMBUJPO
�BOE�UIF�NBOOFS�	QPTJUJWF�PS�

OFHBUJWF�DPSSFMBUJPO
�JO�XIJDI�UIF�NFBTVSFE�WBSJBCMFT�DPOUSJCVUF�UP�UIF�TDPSFT��

;

3


7� (� � �a��� �=�B�!� �B�

[′
�

Figure B-25: A matrix representation of how a data table X is modeled by PCA. 

-PBEJOHT� BOE� TDPSFT� BSF� TVGGJDJFOU� UP� HJWF� B� TBUJTGBDUPSZ� EFTDSJQUJPO� PG� FBDI� PG� UIF�

WBSJBCMFT�JO�UIF�,�EJNFOTJPOBM�TQBDF��*G�B�IJHI�OVNCFS�PG�PCTFSWBUJPOT�JT�JOWPMWFE�CVU�
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Figure B-26: A regression situation with K wavelengths (X-matrix) and M response(s)  

(Y-matrix). The length of each coordinate axis has been standardized by scaling to unit 

variance. 
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Figure B-27: In a regression problem, the observations can be understood as two point 

swarms, one in the predictor (X) space and one in the response (Y) space. 
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Figure B-28: With a single y-variable, the Y-space reduces to a one dimensional vector. The 

first component of the PLS model will therefore orient itself so that it well describes the 

point swarm in the X-space while at the same time giving a good correlation with the  

y-vector. The projections of the observations onto the line in the X-space give the score of 

each observation. These are new coordinate values of the observations and they form the 

score vector t1. This vector summarizes the information in the original x-variables. 

5IF�EJGGFSFODFT�CFUXFFO�NFBTVSFE�BOE�FTUJNBUFE�SFTQPOTF�EBUB�BSF�DBMMFE�SFTJEVBMT��

5IF� Z�SFTJEVBMT� SFQSFTFOU� UIF� WBSJBUJPO� UIBU� JT� MFGU� VOFYQMBJOFE� CZ� UIF� GJSTU� 1-4�

DPNQPOFOU�� "� HPPE�NPEFM� IBT� TNBMM� SFTJEVBMT�� 5IF� TDBUUFS� PG� UIF� QPJOUT� BSPVOE� UIF�

EJBHPOBM�JO�'JHVSF�#����	C
�JT�B�HSBQIJDBM�XBZ�UP�BTTFTT�UIF�NPEFM�QFSGPSNBODF��8IFO�

BMM�QPJOUT�BSF�TJUVBUFE�PO�UIF�EJBHPOBM
�UIF�NPEFM�JT�	UIPVHI�OPU�WFSZ�SFBMJTUJD
�JEFBM�PG�

UIF�SFTQPOTF�EBUB�XJUI�[FSP�SFTJEVBMT��

"OPUIFS�XBZ�UP�MPPL�BU�UIF�SFTJEVBMT�PG�UIF�SFTQPOTF�WFDUPS�JT�QSFTFOUFE�JO�'JHVSF�#����

XIFSF�UIF�SFTJEVBM�WFDUPS�G � 
�EFSJWFE�BT�Z��� ¾À¿ Á 
� JT�QMPUUFE�JO�UIF�	C
�QBSU��5IJT�SFTJEVBM�
WFDUPS� JT�NVDI�TIPSUFS� UIBO� UIF�QBSFOU� WFDUPS�PG�PCTFSWFE�Z�WBMVFT��5IJT� JNQMJFT� UIBU�

UIF�GJSTU�1-4�DPNQPOFOU�IBT�BDDPVOUFE�GPS�B�MBSHF�QBSU�PG�UIF�WBSJBUJPO�JO�Z��
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Figure B-29: An illustration of the y-residuals remaining after the first PLS component. The 

residual vector f1, obtained by subtracting (1) from y, is shorter than the vector consisting of 

the measured data. Therefore the first component has explained a large part of the response 

variation. 

¾ &YUFOEJOH�UIF�NPEFM�XJUI�UIF�TFDPOE�DPNQPOFOU�

*G� POF� DPNQPOFOU� JT� JOTVGGJDJFOU� UP� BEFRVBUFMZ� NPEFM� UIF� WBSJBUJPO� JO� UIF� Z� EBUB
� JO�

BMNPTU� UIF� TBNF� NBOOFS� BT� UIF� 1$"
� UIF� EFTDSJQUJWF� BCJMJUZ� PG� UIF� 1-4� NPEFM� JT�

JNQSPWFE� CZ� FYQBOEJOH� JU� XJUI� B� TFDPOE� DPNQPOFOU�� 5IJT� DPNQPOFOU� GJOET� UIF�

EJSFDUJPO� JO� UIF� 9�TQBDF� UIBU� JNQSPWFT� UIF� EFTDSJQUJPO� PG� UIF� Y�EBUB� BT� NVDI� BT�

QPTTJCMF
�XIJMF�QSPWJEJOH�B�HPPE�DPSSFMBUJPO�XJUI�UIF�Z�SFTJEVBMT�G � 
�SFNBJOJOH�BGUFS�UIF�

GJSTU�DPNQPOFOU��
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Figure B-30: The second projection coordinate (i.e. the second latent variable) in the  

X-space is orthogonal to the first one. By projecting the observations onto this line one 

obtains the score vector t2. In part (b) of the figure, we can see how the second score vector 

times the second loading c2, correlates with the y-residual f1, after the first dimension. The 

two components together define a plane in the X-space. 

"T� TIPXO� JO� UIF� 	B
� QBSU� PG� 'JHVSF� #���
� UIF� TFDPOE� TFU� PG� TDPSF� WBMVFT� PG� UIF�

PCTFSWBUJPOT�BSJTFT� GSPN�UIF�DPPSEJOBUFT�BMPOH�UIF�TFDPOE�QSPKFDUJPO�EJSFDUJPO� JO� UIF�

9�TQBDF��5IJT�TFDPOE�TDPSF�WFDUPS�JT�EFOPUFE�U â ��1BSU�	C
�PG�'JHVSF�#����JMMVTUSBUFT�IPX�
U â � UJNFT� UIF� TFDPOE� MPBEJOH
� D â 
� DPSSFMBUFT� XJUI� UIF� Z�SFTJEVBM
� G ã 
� BGUFS� UIF� GJSTU�
EJNFOTJPO�� 5IF� JOUFSQSFUBUJPO� JT� TJNJMBS� UP� UIBU� PG� 'JHVSF� #����� 5IVT
� UIF� UJHIUFS� UIF�

TDBUUFS�BSPVOE�UIF�EPUUFE�EJBHPOBM
�UIF�TUSPOHFS�JT�UIF�DPSSFMBUJPO�CFUXFFO�9�BOE�Z�JO�

UIF�TFDPOE�1-4�NPEFM�EJNFOTJPO��

5IF�DPNCJOFE�QPXFS�PG� U ã � BOE� U â � JO�NPEFMJOH�BOE�QSFEJDUJOH�Z�DBO�CF�FYBNJOFE��"O�

FTUJNBUF� PG� Z� BGUFS� UXP� NPEFM� DPNQPOFOUT� ¾ ä	Á 
� JT� PCUBJOFE� UISPVHI� DPNQVUJOH��

D ã � U ã ���D â � U â ��#Z�DPNQBSJOH� UIF� 	C
�QBSUT�PG�'JHVSF�#����BOE�'JHVSF�#���� JU� JT� SFBMJ[FE�

UIBU�UIF�Z�WBSJBCMF�JT�CFUUFS�NPEFMFE�CZ�UXP�DPNQPOFOUT�UIBO�CZ�POF��5IJT�JT�CFDBVTF�

UIF�BHSFFNFOU�CFUXFFO�PCTFSWFE�BOE�FTUJNBUFE�Z�EBUB�JT�CFUUFS�XJUI�UXP�DPNQPOFOUT��

(FPNFUSJDBMMZ
� UIJT� NPSF� QSFDJTF� FTUJNBUF� PG� Z
� ¾ ä	Á 
� JT� JOUFSQSFUBCMF� BT� UIF� WFDUPS�
BEEJUJPO�PG�1$���UP�1$���JO�UIF�9�TQBDF��



$IBQUFS�#��5IFPSFUJDBM�CBDLHSPVOE�

����

å7æ

å�ç

å�è
é�êìë

é�ê�í

î ï�ð î ñ�ð

)2(2211 ˆòóôóô =+

\

)2(\̂

�

Figure B-31: A comparison of Figure B-28 and Figure B-31 indicates that the y-variable is 

better modeled with two components than when using only one component. Geometrically, 

(2) is interpretable as the result of the vector addition of PC 1 and PC 2 in the X-space. 

5IJT� JNQBDU� PG� UIF� TFDPOE� NPEFM� EJNFOTJPO� JT� JMMVTUSBUFE� JO� 'JHVSF� #����� 5IF� GJSTU�

DPNQPOFOU�FYQMBJOT�NVDI�PG�UIF�Z�WBSJBUJPO
�BOE�POMZ�B�GSBDUJPO�SFNBJOT�JO�UIF�SFTJEVBM�

G ã ��5IF�TJUVBUJPO�JT�GVSUIFS�JNQSPWFE�BGUFS�UIF�JODMVTJPO�PG�UIF�TFDPOE�DPNQPOFOU
�BT�UIF�

SFTJEVBM�G â �JT�TNBMMFS�UIBO�G ã ��
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Figure B-32: Schematic illustration of the explanatory power of a PLS. After one PC, the y-

residual f1, is significantly smaller than the spread of the measured variable. The situation is 

even better after the inclusion of the second component, and the residual f2. 

5IF� PCKFDUJWFT� BSF� GJSTU� UP�NPEFM� UIF�9�� BOE� :�NBUSJY
� BOE� UIFO� UP� QSFEJDU� :� GSPN�9�

BDDPSEJOH�UP�&RVBUJPO�#�����
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Equation B-13: Due to inner relation there are two formulas leading to Y. 

*O�UIFTF�FYQSFTTJPOT
�UIF�GJSTU�UFSNT� [′1 �BOE� \′1 
�SFQSFTFOU�UIF�WBSJBCMF�BWFSBHFT�BOE�

PSJHJOBUF�GSPN�UIF�QSFQSPDFTTJOH�TUFQ��5IF�JOGPSNBUJPO�SFMBUFE�UP�UIF�PCTFSWBUJPOT�BSF�

TUPSFE� JO� UIF� TDPSFT�NBUSJDFT� 5� BOE�6�� 5IF� JOGPSNBUJPO� SFMBUFE� UP� UIF� WBSJBCMFT� BSF�

TUPSFE� JO� UIF�9�MPBEJOH�NBUSJY� 3′ � BOE� UIF�:�MPBEJOHT�NBUSJY�$��� 5IF� WBSJBUJPO� JO� UIF�

EBUB�XBT�MFGU�PVU�PG�UIF�NPEFMJOH�GSPN�UIF�&�BOE�'�SFTJEVBM�NBUSJDFT��

1-4�JT�B�NBYJNVN�DPWBSJBODF�NPEFM�PG�UIF�SFMBUJPOTIJQ�CFUXFFO�9�BOE�:��"�HSBQIJDBM�

SFQSFTFOUBUJPO�PG�UIF�NBUSJY�SFMBUJPOTIJQ�PG�1-4�JT�TIPXO�JO�'JHVSF�#�����
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Figure B-33: Illustration of the matrix relationships in PLS, described by the PLS scores T 

and U, the X-loadings P’, the X-weights W’, and the Y-weights C’. The variation in the data 

that was left out of the modeling forms the E and F residual matrices. 
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Figure B-34: Flow chart for multivariate calibration of NIR data. 

&UHDWH�GDWD�

*HW�RYHUYLHZ�
(Histogram, PCA for data relations)�

3UHSDUH�GDWD�� � Transform�� � Select samples�� � Select wavelengths�
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#����� .7%"�BQQMJFE�UP�/*3�TQFDUSPTDPQZ�

5IF�EJNFOTJPOBMJUZ�PG�UIF�9�TQBDF�J�F��UIF�kTQFDUSBMk�TQBDF�JT�HJWFO�CZ�,
�UIF�OVNCFS�PG�

XBWFMFOHUIT��&BDI�WBSJBCMF�EFGJOFT�POF�DPPSEJOBUF�BYJT�JO�UIF�,�EJNFOTJPOBM�9�TQBDF��

1PJOUT
� MJOFT
�EJTUBODFT
�BOE�PUIFS�HFPNFUSJDBM�DPODFQUT
�IBWF�TJNJMBS�QSPQFSUJFT� JO�,�

TQBDF�UP�UIPTF�UIFZ�IBWF�JO�UXP��PS�UISFF�EJNFOTJPOBM�TQBDFT��&BDI�TQFDUSVN�	J�F��FBDI�

SPX
�JO�B�EBUB�UBCMF�DPSSFTQPOET�UP�B�QPJOU�JO�UIF�,�EJNFOTJPOBM�9�TQBDF��

"� EBUB� UBCMF� DPOUBJOJOH� /� PCTFSWBUJPOT� 	SPXT
� TBNQMFT
� TQFDUSB
� DPSSFTQPOET� UP� /�

QPJOUT� JO� UIF� ,�EJNFOTJPOBM� 9�TQBDF��6TVBMMZ
� UIFTF� QPJOUT� GPSN�B� TXBSN�XJUI� TPNF�

SFHVMBSJUZ
�XIJDI�TIBQF�BOE�FMPOHBUJPO�EFQFOET�PO�UIF�DPNQMFYJUZ�PG�UIF�JOWFTUJHBUFE�

TBNQMFT�� 8IFO� UIF� TFSJFT� PG� UIF� JOWFTUJHBUFE� TBNQMFT� DPOUBJO� POMZ� POF� BOBMZUF
� BMM�

QPJOUT�BSF�TJUVBUFE�PO�B�MJOF
�PS�B�TNPPUI�DVSWF
�XJUI�TPNF�TNBMM�EFWJBUJPOT�DBVTFE�CZ�

OPJTF�� 'VSUIFS� DPNQMFYJUZ� JT� JOUSPEVDFE� JO� UIF� TFSJFT� XIFO� UIF� TBNQMFT� BMTP� DPOUBJO�

TPNF� JOUFSBDUJOH� DPNQPVOET�� 5IFO
� UIF� QPJOUT� DBO� CF� QSFTFOUFE� CZ� B� QMBOF� PS� B�

IZQFSQMBOF� QMVT� TPNF� OPJTF
� XJUI� POF� DPNQPOFOU� 	EJNFOTJPO
� QFS� DPNQPVOE�

	BOBMZUF
�� 5IF� UZQJDBM� QSPDFEVSF� PG� NPEFM� EFWFMPQNFOU� JO� /*3� TQFDUSPTDPQZ� JT�

JMMVTUSBUFE�JO�'JHVSF�#�����

#�������$PNNPO�TQFDUSBM�QSFUSFBUNFOUT�

5IF� QVSQPTF� PG� B� SFHSFTTJPO�NPEFM� JT� UP� FYUSBDU� BMM� UIF� SFMFWBOU� JOGPSNBUJPO� GPS� UIF�

QSFEJDUJPO�PG� UIF� SFTQPOTF� GSPN� UIF�BWBJMBCMF�EBUB��6OGPSUVOBUFMZ�PCTFSWFE�EBUB�TVDI�

BT� /*3� TQFDUSB� VTVBMMZ� DPOUBJO� TPNF� BNPVOU� PG� OPJTF
� BOE� NBZ� BMTP� JODMVEF� TPNF�

JSSFMFWBOU� JOGPSNBUJPO��5IVT
�B�HPPE� SFHSFTTJPO�NPEFM� TIPVME�CF�BCMF� UP�QJDL�VQ�POMZ�

SFMFWBOU�JOGPSNBUJPO
�CVU�BMM�PG�JU��'VSUIFSNPSF
�JU�TIPVME�BWPJE�PWFSGJUUJOH
�J�F��EJTUJOHVJTI�

CFUXFFO�WBSJBUJPO�JO�UIF�SFTQPOTF�UIBU�DBO�CF�FYQMBJOFE�CZ�WBSJBUJPO�JO�UIF�QSFEJDUPST
�

BOE�WBSJBUJPO�DBVTFT�CZ�NFSF�OPJTF�
���
�

*O�UIFTF�DBTFT�TPNF�NBUIFNBUJDBM�QSFUSFBUNFOU�PG�UIF�TQFDUSBM�EBUB�NBZ�CF�VTFGVM�UP�

GJMUFS�PS�SFEVDF�TFDPOEBSZ�FGGFDUT��*O�TQFDUSPTDPQZ�UIF�GPMMPXJOH�USBOTGPSNBUJPOT�BSF�PG�

DSVDJBM�JOUFSFTU��

¾ "CTPSCBODF�USBOTGPSNFE�UP�SFGMFDUBODF�

4QFDUSBM� EBUB� JO� EJGGVTF� SFGMFDUBODF� DPOGJHVSBUJPO� JT� VTVBMMZ� DPMMFDUFE� JO� BCTPSCBODF�

EBUB� GPSNBU�� 5IVT
� QSJPS� UP� ,VCFMLB�.VODL� CBTFE� PO� USBOTNJUUBODF� 5
� B� TQFDUSB�



$IBQUFS�#��5IFPSFUJDBM�CBDLHSPVOE�

����

USBOTGPSNBUJPO� IBT� UP� CF� QFSGPSNFE�� 5IF� BCTPSCBODF� "
� JT� SFQSFTFOUFE� CZ� &RVBUJPO�

#�����







−=

0

lg ,
,$ � PS� 





=−= 57$ 1

lglg �

Equation B-14: Formula to compute the absorbance A, with I = intensity of radiation passing 

through or reflected from the sample, I0 = intensity of the incident light, T and  

R = transmittance and reflectance, respectively. 

5IF� JOUFOTJUZ� PG� UIF� JODJEFOU� MJHIU� FOFSHZ� GSPN� UIF� TPVSDF
� * � � JODMVEFT� MPTTFT� EVF� UP�
TPMWFOU� BCTPSQUJPO
� SFGSBDUJPO
� BOE� TDBUUFSJOH� XIFO� UIF� TBNQMF� JT� OPU� QSFTFOU�� 0S� JO�

SFGMFDUBODF�NFBTVSFNFOUT
� JU� JT� UIF� JOUFOTJUZ� PG� SBEJBUJPO� JOEJSFDUMZ� SFGMFDUFE� GSPN� UIF�

CBDLHSPVOE�SFGFSFODF�NBUFSJBM��

¾ ,VCFMLB�.VODL�

,VCFMLB�.VODL�	����
�TUBUFT�XIFO�MJHIU�QFOFUSBUFT�B�IPNPHFOPVT�TDBUUFSJOH�NBUFSJBM
�

JU� XJMM� FJUIFS� CF� BCTPSCFE� PS� TDBUUFSFE�� #Z� BOBMZ[JOH� UIF� MJHIU� GMVY� JO� UIF� QFOFUSBUJPO�

EJSFDUJPO�JO�BEEJUJPO�UP�UIF�GMVY�JO�UIF�PQQPTJUF�EJSFDUJPO
�BOE�CZ�BQQMZJOH�NBUIFNBUJDBM�

UFDIOJRVFT
�UIF�TP�DBMMFE�,VCFMLB�.VODL�GVODUJPO�XBT�EFWFMPQFE��

( )
5
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Equation B-15: The Kubelka-Munck function with K = true absorbance, S = scatter,  

R = reflected light. R is defined as R = I / I0 intensity of the incident light. 

"DDPSEJOH� UP� UIJT� UIFPSZ� UIF� MJHIU� TDBUUFS� FGGFDU� JT� NVMUJQMJDBUJWF�� 5IJT� NFBOT� JG� UIF�

TQFDUSVN� JT� GJSTU� QSPQFSMZ� USBOTGPSNFE� UP� UIF� ,VCFMLB�.VODL� TDBMF
� B� EJGGFSFODF� JO�

TDBUUFS� CFUXFFO� UXP� kFRVBMk� TBNQMFT� DBO� CF� DPNQFOTBUFE� CZ� NVMUJQMZJOH� UIF�

NFBTVSFNFOU�BU�FBDI�XBWFMFOHUI�PG�POF�PG�UIF�TBNQMFT�CZ�UIF�TBNF�DPOTUBOU���

*O�EJGGVTF�/*3�TQFDUSPTDPQZ�JU�BMTP�TPNFUJNFT�IBQQFOT�UIBU�UIFSF�BSF�DMFBS�JOEJDBUJPOT�

PG�BO�BEEJUJWF�TDBUUFS�DPNQPOFOU�
���
�0OF�SFBTPO�GPS�TVDI�BO�FGGFDU�NBZ�CF�UIF�GPMMPXJOH��

5IF� UIFPSFUJDBM�NPEFMT� 	F�H��,VCFMLB�.VODL�BOE�#FFS�-BNCFSU
�BTTVNF� UIBU�BMM� PS�B�

DPOTUBOU�QBSU�PG� UIF�SFGMFDUFE� MJHIU� JT�EFUFDUFE��#VU� JG� UIF� JOTUSVNFOU� JT�DPOTUSVDUFE� JO�

TVDI�B�XBZ�UIBU�POMZ�B�GSBDUJPO�	����D
�PG�UIF�SFGMFDUFE�MJHIU�JT�EFUFDUFE�GPS�B�QBSUJDVMBS�

TBNQMF
�&RVBUJPO�#����JT�PCUBJOFE��
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Equation B-16: If c’ = lg (c) is sample dependent, this will cause an additive baseline 

difference between the samples, i.e. an additive effect in the absorbance values.
(�)

 

¾ .VMUJQMJDBUJWF�4DBUUFS�$PSSFDUJPO�	.4$
�

4QFDUSPTDPQJD� NFBTVSFNFOUT� PG� QPXEFST
� BHHSFHBUFT� PG� HSBJOT� PS� QBSUJDMF� TJ[FT
�

TMVSSJFT�BOE�PUIFS�QBSUJDVMBUF�MBEFO�TPMVUJPOT�PGUFO�EJTQMBZ�MJHIU�TDBUUFSJOH�FGGFDUT��5IJT�

FTQFDJBMMZ� BQQMJFT� UP�/*3� EBUB
� CVU� JT� BMTP� SFMFWBOU� UP� PUIFS� UZQFT� PG� TQFDUSB�� 4DBUUFS�

FGGFDUT� JO� *3� TQFDUSB� NBZ� CF� DBVTFE� CZ� CBDLHSPVOE� FGGFDUT
� WBSZJOH� PQUJDBM� QBUI�

MFOHUIT
� UFNQFSBUVSF
� BOE�QSFTTVSF� WBSJBUJPOT��0UIFS� UZQFT�PG�NFBTVSFNFOU�NBZ� BMTP�

TVGGFS� GSPN� JOTUSVNFOU� CBTFMJOF� TIJGU
�ESJGU
� JOUFSGFSFODF�FGGFDUT� JO�NJYUVSFT�FUD��5IFTF�

FGGFDUT�BSF�JO�HFOFSBM�DPNQPTFE�CPUI�PG�B�TP�DBMMFE�NVMUJQMJDBUJWF�FGGFDU�BT�XFMM�BT�BO�

BEEJUJWF�FGGFDU��

.4$� JT� B� USBOTGPSNBUJPO�NFUIPE� UIBU� DBO� CF� VTFE� UP� DPNQFOTBUF� GPS� NVMUJQMJDBUJWF�

	DPNNPO� BNQMJGJDBUJPO
� BOE� BEEJUJWF� 	DPNNPO� PGGTFU
� FGGFDUT�� .4$� XBT� PSJHJOBMMZ�

EFTJHOFE� UP� EFBM� TQFDJGJDBMMZ� XJUI� MJHIU� TDBUUFSJOH�� )PXFWFS
� B� OVNCFS� PG� BOBMPHPVT�

FGGFDUT�DBO�CF�TVDDFTTGVMMZ�USFBUFE�XJUI�.4$��

5IF� JEFB� CFIJOE� .4$� JT� UIBU� UIF� UXP� VOEFTJSFE� HFOFSBM� FGGFDUT
� BNQMJGJDBUJPO�

	NVMUJQMJDBUJWF
�BOE�PGGTFU�	BEEJUJWF

�TIPVME�CF�SFNPWFE�GSPN�UIF�SBX�TQFDUSBM�TJHOBMT�

TPNFUJNFT�EPNJOBUJOH�PWFS�UIF�DIFNJDBM�PS�PUIFS�TJNJMBS�TJHOBMT�PG� MFTTFS�NBHOJUVEF��

5IVT
�POF�PS�NPSF�1-4�DPNQPOFOUT�NBZ�CF�TBWFE� JO� UIF�NPEFMJOH�PG� UIF�SFMFWBOU�:�

QIFOPNFOB
� JG� JU�XBT�QPTTJCMF� UP�FMJNJOBUF� 	NPTU�PG
� UIFTF�FGGFDUT�CFGPSF�NVMUJWBSJBUF�

DBMJCSBUJPO��

5IF� 'VMM� .4$� JODMVEFT� UIF� DPNNPO� PGGTFU� BOE� DPNNPO� BNQMJGJDBUJPO� FGGFDUT� BT�

GPMMPXT�� BMM� PCKFDU� TQFDUSB� BSF�QMPUUFE�BHBJOTU� UIFJS� BWFSBHF�TQFDUSVN�BOE�B�TUBOEBSE�

SFHSFTTJPO� JT� GJUUFE� UP� UIFTF� EBUB
� XJUI� PGGTFU� " * � BOE� TMPQF� # * 
� DBMMFE� UIF� DPNNPO�

BNQMJGJDBUJPO� BOE� DPNNPO� PGGTFU� SFTQFDUJWFMZ�� 5IF� .4$� GVODUJPO� SFQMBDFT� FWFSZ�

FMFNFOU�JO�UIF�PSJHJOBM�9�NBUSJY�BDDPSEJOH�UP�&RVBUJPO�#�����
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Equation B-17: The Multiplicative Scatter Correction with offset Ai and slope Bi. The index i 

stands for all individual objects in the data set. 

5IF� XIPMF� EBUB� TFU
� JODMVEJOH� UIF� UFTU� TFU
� XJMM� CF� DPSSFDUFE� VTJOH� UIJT� .4$� CBTF��

#FGPSF�BOZ�GVUVSF�QSFEJDUJPO
�UIF�OFX�TBNQMFT�NVTU�BMTP�CF�DPSSFDUFE�VTJOH�UIF�TBNF��

.4$�CBTF�
��1
�

¾ %JGGFSFOUJBUJPO�

5IF� GJSTU�BOE�TFDPOE�EFSJWBUJWFT�BSF�DPNNPO�USBOTGPSNBUJPOT�PO�DPOUJOVPVT� GVODUJPO�

EBUB� XIFSF� OPJTF� JT� B� QSPCMFN
� BOE� BSF� PGUFO� BQQMJFE� JO� TQFDUSPTDPQZ�� 4PNF� MPDBM�

JOGPSNBUJPO� HFUT� MPTU� JO� UIF� EJGGFSFOUJBUJPO� CVU� UIF� kQFBLFEOFTTk� JT� TVQQPTFE� UP� CF�

BNQMJGJFE�BOE�UIJT�USBEF�PGG�JT�PGUFO�DPOTJEFSFE�BT�BEWBOUBHFPVT�� *U�JT�BMXBZT�QPTTJCMF�

UP�USZ�PVU�EJGGFSFOUJBUFE�TQFDUSB
�TJODF�JU� JT�FBTZ�UP�TFF�JG� UIF�NPEFM�HFUT�BOZ�CFUUFS�PS�

OPU��

5IF�GJSTU�EFSJWBUJWF�JT�PGUFO�VTFE�UP�DPSSFDU�GPS�CBTFMJOF�TIJGUT��5IF�TFDPOE�EFSJWBUJWF�UP�

IBOEMF� TDBUUFS� FGGFDUT
� UIF� PUIFS� CFJOH� .4$
� XIJDI� IBOEMFT� UIF� TBNF� FGGFDUT�
�21
� 5IF�

NBJO�EJGGFSFODF�JT�UIBU�EFSJWBUJWFT�BSF�QSPDFTTJOH�JOEFQFOEFOUMZ�POF�TQFDUSVN�BGUFS�UIF�

PUIFS�XIJMF�.4$�NFBO�DFOUFST�UIF�FOUJSF�TBNQMF�TFU��5IVT�JU�NBLFT�TFOTF�UP�QFSGPSN�

.4$�BOE�B�EFSJWBUJPO�BGUFSXBSET��

¾ 4BWJU[LZ�(PMBZ�

4BWJU[LZ�(PMBZ� FOBCMFT� UP� DPNQVUF� GJSTU� PS� IJHIFS� PSEFS� EFSJWBUJWFT� JODMVEJOH� B�

TNPPUIJOH� GBDUPS� XIJDI� EFUFSNJOFT� IPX� NBOZ� BEKBDFOU� WBSJBCMFT� XJMM� CF� VTFE� UP�

FTUJNBUF�UIF�QPMZOPNJBM�BQQSPYJNBUJPO�VTFE�GPS�EFSJWBUJPO��

5IJT�BMHPSJUIN�GJUT�B�QPMZOPNJBM�UP�FBDI�TVDDFTTJWF�DVSWF�TFHNFOU
�UIVT�SFQMBDJOH�UIF�

PSJHJOBM�WBMVFT�XJUI�NPSF�SFHVMBS�WBSJBUJPOT��5IF�MFOHUI�PG�UIF�TFHNFOU�BOE�UIF�PSEFS�PG�

UIF� QPMZOPNJBM� BSF� BEKVTUBCMF�� "� GJSTU� PSEFS� QPMZOPNJBM� JT� FRVJWBMFOU� UP� B� NPWJOH�

BWFSBHF��

¾ /PSSJT�

/PSSJT�EFSJWBUJPO�JT�BO�BMUFSOBUJWF�BMHPSJUIN�VTFE�UP�DPNQVUF�GJSTU�EFSJWBUJWFT�POMZ��5IF�

BEWBOUBHF�JT�UIBU�UIFSF�JT�OP�MPTT�PG�EBUB�QPJOUT�BU�UIF�FEHFT�PG�UIF�TQFDUSVN��
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#�������/FVSBM�OFUXPSLT�

"SUJGJDJBM�OFVSBM�OFUXPSLT�IBWF�CFDPNF�WFSZ�QPQVMBS�GPS�IBOEMJOH�OPO�MJOFBS�QSPCMFNT��

.BOZ� JNQMFNFOUBUJPOT�TPNFIPX�MBDL�POF�PS�NPSF�PG� UIF�DSJUJDBMMZ� JNQPSUBOU� GBDJMJUJFT�

MJLF� JOUFSQSFUBUJPO
� EJBHOPTUJDT
� PVUMJFS� EFUFDUJPO
� BOE� WBMJEBUJPO�� )FODF� UIFSF� BSF� OP�

DPOWFOJFOU�UPPMT�UP�EFUFDU�TFWFSFMZ�PWFSGJUUFE�BQQMJDBUJPOT��

1SFQSPDFTTJOH�UIF�EBUB�GJSTU�CZ�PSEJOBSZ�1$3�PS�1-4�NBZ�CF�B�QPTTJCJMJUZ�UP�DPSSFDU�UIJT
�

HJWJOH�BDDFTT�UP�JOUFSQSFUBUJPO�PG�UIF�NBJO�WBSJBUJPOT
�PVUMJFS�EFUFDUJPO
�EJBHOPTUJDT�BOE�

USBOTGPSNBUJPOT��*G�UIFSF�BSF�DMFBS�TJHOT�PG�SFNBJOJOH�OPO�MJOFBSJUZ
�UIF�1-4�TDPSF�NBUSJY�

DBO�CF�VTFE�BT�JOQVU�UP�B�OFVSBM�OFUXPSL��

#����� %JTDVTTJPO�

5IF� UZQJDBM� BOBMZTJT� QSPDFEVSF� GPS� TPMJE� EPTBHF� GPSNT� JT� UP� CSJOH� B� TNBMM� SBOEPN�

TBNQMF� PG� B� QSPEVDUJPO� CBUDI� UP� B� MBCPSBUPSZ
� QSFQBSF� 	F�H�� HSJOE� PS� EJTTPMWF
� JU� BOE�

QSPDFFE�XJUI� TPNF� GPSN�PG� DIFNJDBM� PS� TQFDUSPNFUSJD� UFTUJOH��/PU� POMZ� BSF� UIF� UFTUT�

EFTUSVDUJWF
�UIF�UJNF�SFRVJSFE�JT�DPOTJEFSBCMF��*G�UIF�QVSQPTF�PG�UIF�UFTUJOH�JT�UP�QFSGPSN�

RVBOUJUBUJWF�BOBMZTJT
�UIFO�JO�BMM�QSPCBCJMJUZ�UIF�CBUDI�XJMM�IBWF�CFFO�DPNQMFUFE�CFGPSF�

UIF� SFTVMUT� CFDPNF� BWBJMBCMF� UP� QSPEVDUJPO� TUBGG�� *G� TBNQMFT� BSF� SBSF� BOE� RVBMJUBUJWF�

UFTUJOH� JT� UP� CF� QFSGPSNFE
� UIF� MPTT� PG� UIF� NBUFSJBM� JT� BO� BEEFE� ESBXCBDL� UP� UIF�

SFRVJTJUF�BOBMZTJT�UJNF��

0OF� PG� UIF� TUSFOHUIT� PG� /*3
� J�F�� MPX� FYUJODUJPO� DPFGGJDJFOUT
� XBT� PODF� DPOTJEFSFE� B�

NBKPS�EJTBEWBOUBHF��5IBU�JNQMJFE�UIBU�/*3�DPVME�OPU�CF�VTFE�GPS�USBDF�BOBMZTJT�BT�DPVME�

UIF� NJE�*3�� 5IJT� EJTBEWBOUBHF� CFDBNF� JNQPSUBOU� XIFO� DPOTJEFSJOH� QSPDFTT�

NFBTVSFNFOUT��.VDI� PG� UIF� TBNQMF� QSFQBSBUJPO� JO� UIF�NJE�*3� JOWPMWFT� EJMVUJPO�� ,#S�

QBMMFUT
�NVMMT
� EJMVUF� TPMVUJPOT
� BOE� UIJO� GJMNT� DPNQFOTBUF� GPS� UIF� TUSPOH� BCTPSCBODF�

BOE�XFBL�TPVSDFT�FYIJCJUFE�JO�NJESBOHF�*3��5IF�TUSPOH�TPVSDFT�BOE�XFBL�BCTPSCBODF�

JO�/*3�BMMPXFE�GPS�NFBTVSFNFOUT�PG�JOUBDU�TBNQMFT�DMPTF�PS�JO�EJSFDU�DPOUBDU�
�%�
�

/*3�SBEJBUJPO�QFOFUSBUFT�GVSUIFS�JOUP�UIF�NBUFSJBM�CFJOH�TDBOOFE
�JT�MFTT�BCTPSCFE
�BOE�

JT�NPSF�FBTJMZ�EFUFDUFE�UISPVHI�EJGGVTF�SFGMFDUBODF�DPNQBSFE�UP�UIF�NJE�*3��5IF�PSJHJOT�

PG�UIFTF�QIFOPNFOB�JODMVEF�QIZTJDBM�BOE�NFDIBOJDBM�SFBTPOT��IJHIFS�JOUFOTJUZ�MBNQT
�

���� �� �
���� UJNFT� MPXFS� FYUJODUJPO� DPFGGJDJFOUT
� BOE� RVJFUFS� EFUFDUPST�
�23�45�26

� "T� B�

DPOTFRVFODF
� UIF� NFBTVSFNFOUT� PG� UIF� TBNQMFT� BSF� NPSF� UIBO� B� TVSGBDF�
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NFBTVSFNFOU�� 5IF� SBEJBUJPO� QFOFUSBUFT� XFMM� JOUP
� BOE� JO� TPNF� DBTFT� DPNQMFUFMZ�

UISPVHI� UIF� TBNQMF� GPSN�� 5IJT� DIBSBDUFSJTUJD� BMMPXT� B� NPSF� SFQSFTFOUBUJWF� TBNQMJOH�

UIBO�B�TVSGBDF�PS�HSB[JOH�TQFDUSPNFUSJD�BQQSPBDI�NJHIU�QSPWJEF��/*3� MJHIU�	BQQ����F7�

QIPUPO�FOFSHZ
�QBTTFT�XFMM� UISPVHI�VTVBM�XJOEPX�HMBTT�PS� GJCFS�PQUJDT�BOE�EPFT�OPU�

DBVTF� QIPUP� EFDPNQPTJUJPO� PG� UIF� TBNQMFT�� /*3� FRVJQNFOU� JT� TJNQMF� BOE� SFMBUJWFMZ�

JOFYQFOTJWF��

/*3� JT� B� SBQJE� BOE� OPO�EFTUSVDUJWF� UFDIOJRVF� SFRVJSJOH� OP� PS� SFEVDFE� TBNQMF�

QSFQBSBUJPO� 	OP� SFBHFOUT� BSF� VTFE

� UIBU� DBO� CF� VTFE� UP� NPOJUPS� DPODFOUSBUJPOT� PG�

TFWFSBM� DIFNJDBM� TQFDJFT� BOE� QIZTJDBM� QBSBNFUFST� TJNVMUBOFPVTMZ�� /PU� POMZ� TBNQMF�

DPNQPOFOU� JEFOUJUJFT� BOE� DPODFOUSBUJPOT
� CVU� BMTP� DIBSBDUFSJTUJDT� TVDI� BT�NPMFDVMBS�

XFJHIU
� UBTUF
� IBSEOFTT
� BOE� FWFO� UIFSNPEZOBNJD� QBSBNFUFST� TVDI� BT� IFBU� DBO� CF�

EFUFDUFE�� 5IF� TQFFE� BOE� FBTF� PG� /*3� NFBTVSFNFOUT� JT� POF� PG� UIF� NPTU� JNQPSUBOU�

DSJUFSJB� GPS�NBOZ� BOBMZUJDBM� PS�NPOJUPSJOH� QSPDFTTFT�� *O� DPNCJOBUJPO�XJUI� UIF� GJFME� PG�

NBUIFNBUJDT�EFBMJOH�XJUI�NVMUJWBSJBUF�EBUB�BOBMZTJT� JO�DIFNJTUSZ
�B� GBTU�BOE�QPXFSGVM�

UPPM� GPS� RVBMJUBUJWF� BOE� RVBOUJUBUJWF� BOBMZTJT� PG� QIBSNBDFVUJDBM� NBUFSJBMT� CFDPNFT�

BWBJMBCMF�� "MM� UZQFT� PG�NBUFSJBMT� BSF� DPODFSOFE
� GSPN� TPMJE� PS� MJRVJE� SBX�NBUFSJBMT� UP�

JOUFSNFEJBUF�	QPXEFST
�TMVSSJFT
�HSBOVMBUFT�PS�QFMMFUT
�BOE�GJOBM�QSPEVDUT�JO�FWFSZ�GPSN�

	MJLF�DBQTVMFT
�UBCMFUT�BOE�MZPQIJMJ[FE�QSPEVDUT
��

5IF�EJGGJDVMUZ�JO�NFBTVSFNFOU�BSJTFT�GSPN�UIF�NBOOFS�JO�XIJDI�UIF�TBNQMF�JT�QSFTFOUFE�

UP� UIF� /*3� JOTUSVNFOU�� 4DPSJOH� BOE� PUIFS� TVSGBDF� JNQSJOUJOH� DBVTFT� EJGGFSFOUJBM�

TDBUUFSJOH�PG�UIF�JNQJOHJOH�MJHIU��'PS�FYBNQMF�EFOTJUZ�BOE�IBSEOFTT�EJGGFSFODFT�XJUIJO�

BOE�CFUXFFO�NVMUJQMF� MPUT�DBVTF�EJGGFSFOU�QFOFUSBUJPO�PG� UIF� MJHIU��.PSFPWFS
� WBSJBCMF�

QPMJTIJOH�PG�B�EPTBHF�GPSN�DBO�SFTVMU�JO�OPO�SFQSPEVDJCMF�MFWFMT�PG�TQFDVMBS�SFGMFDUJPO��

"MM�PG�UIJT�QPTTJCMF�WBSJBUJPO�JO�QSBDUJDF�IBT�UP�CF�JODMVEFE�JO�BO�FYUFOTJWF�USBJOJOH�TFU�

GPS� DBMJCSBUJPO�� "T� B� SFTVMU� VTVBMMZ� WFSZ� UJNF� DPOTVNJOH� DBMJCSBUJPO� XPSL� IBT� UP� CF�

QFSGPSNFE� CFGPSF� BOZ� WBMJE� BOBMZTJT� SFTVMU� DBO� CF� PCUBJOFE�� *O� HFOFSBM� /*3�

TQFDUSPTDPQZ� JT� POMZ� CFOFGJDJBM� JG� BGUFS� DBMJCSBUJPO� B� MPU� PG� UIF� TBNF� BOBMZTFT�XJMM� CF�

QFSGPSNFE��

*O� BEEJUJPO� UP� UIF� SBUIFS� FNQJSJDBM� BOE� TPNFXIBU� BSEVPVT� EFWFMPQNFOU� PG� /*3�

BQQMJDBUJPOT
�XIFO�JU�DPNFT�UP�SPVUJOF�JNQMFNFOUBUJPO�JO�QIBSNBDFVUJDBM� JOEVTUSZ
�GVMM�
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� B� SJTL� JNQBDU� TUVEZ� NBLJOH� BMMPXBODF� GPS� QPTTJCMF�

NJTUBLFT
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USBJOJOH� PG� QPUFOUJBM� VTFST� BOE� VTBCMF� PVUQVUT� TIPVME� CF� GPSFTFFO�� 5P� DPNQMZ� XJUI�

HFOFSBM� SFHVMBUPSZ� SFRVJSFNFOUT
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�UIF�TQFDUSPNFUFS�BOE�UIF�DPNQVUFS�JT�

SFRVJSFE�
92:
�
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Figure B-35: Course of the current over the time in a coulometric titration. 
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Equation B-18: Calculation of the required charge by means of the current IE and the time of 

analysis tE. 
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&RVBMMZ�PWFSFTUJNBUJPO�PG�NPJTUVSF�JT�PSJHJOBUFE�CZ�DIFNJDBM�JOUFSBDUJPOT�CZ�BMM�PG�XIJDI�

DBO� SFEVDF� JPEJOF�� WFSZ� DPNNPO� JT� BTDPSCJD� BDJE
� IZESPYZ�� BOE� BNJOP�QIFOPMT� BOE�

OBQIUIPMT��0UIFS� DIFNJDBM� JOUFSGFSFODFT� DBO� CF� EVF� UP� J�F�� DBSCPOZM� DPNQPVOET� BOE�

TUSPOH�BDJET�SFBDUJOH�XJUI�NFUIBOPM�QSPEVDJOH�XBUFS
�VOTBUVSBUFE�GBU�CJOET�JPEJOF�
8
�

"OPUIFS�TPVSDF�PG�FSSPS�DPVME�CF�BO�JODPNQMFUF�XBUFS�FYUSBDUJPO�PVU�PG�UIF�TBNQMF
�F�H��

EVF� UP� CBE� TPMVCJMJUZ� JO� UIF� TPMWFOU� PS� B� UPP� TIPSU� FOEQPJOU� EFMBZ� UJNF� UP� BMMPX� GPS�
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DPNQMFUF� FYUSBDUJPO�� 6TJOH� UPP� TNBMM� PS� UPP� MBSHF� TBNQMF� TJ[F�� CPUI� XJMM� SFTVMU� JO�

JOBDDVSBUF�SFBEJOHT��

'PS�WPMVNFUSJD�EFUFSNJOBUJPOT� JU� JT� UIF�NPTU�QSFDJTF� UP�DIPPTF�B�TBNQMF�TJ[F� UIBU�XJMM�

UJUSBUF� XJUIJO� POF� CVSFUUF�GJMMJOH�� &RVBMMZ� XIFO� XFU� NFUIBOPM� JT� VTFE� VOOFDFTTBSJMZ�

MBSHF�BNPVOUT�PG�UJUSBOU�BSF�DPOTVNFE�BOE�UIF�TZTUFN�DBO�CF�CMBOLFE��"JS�CVCCMFT�JO�

CVSFUUF� DZMJOEFS� PS� EFMJWFSZ� MJOFT
� DBVTFE� CZ� UPP� IJHI� SFGJMM� WFMPDJUJFT
� XJMM� SFTVMU� JO�

JOBDDVSBUF�WPMVNF�EFMJWFSZ��
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$���4DPQF�
*O�WJFX�PG�UIF�GJOBODJBM�SJTL�JOWPMWFE
�UIF�GFBTJCJMJUZ�PG�UPUBM�JO�MJOF�JOTQFDUJPO�XBT�UP�CF�

JOWFTUJHBUFE��5IF�GPMMPXJOH�QSPKFDU�QMBO�XBT�DPNQJMFE��

��� "TTFTTNFOU�PG�UIF�PSJHJOBM�TJUVBUJPO�

2$�BMSFBEZ�IBE�B�TPVOE�LOPXMFEHF�PG�/*34�BOE�NPJTUVSF�BOBMZTJT�PO�B�MBCPSBUPSZ�

TDBMF��'PS�UIJT�SFBTPO
�BUUFNQUT�XFSF�GJSTU�NBEF�UP�MFBSO�BT�NVDI�BT�QPTTJCMF�GSPN�

FBSMJFS� FYQFSJNFOUT�� 5IF� BWBJMBCMF� LOPXMFEHF� XBT� VTFE� UP� DBSSZ� PVU� GVSUIFS� UFTUT�

XJUI� B� WJFX� UP� SFEVDJOH� LOPXO� VODFSUBJOUJFT� PS� UP� DIFDL� UIFJS� WBMJEJUZ� GPS� PUIFS�

QSPEVDUT��

��� &WBMVBUJPO�PG�UIF�BQQSPQSJBUF�BOBMZUJDBM�TZTUFN�

.PTU�PG�UIF�TQFDUSPNFUFS�TVQQMJFST�BQQSPBDIFE�SFGVTFE�UP�DPPQFSBUF�SJHIU�GSPN�UIF�

PVUTFU
�TJODF�UIFJS�TZTUFNT�DPVME�OPU�TBUJTGZ�UIF�TQFFE�SFRVJSFNFOUT��5IF�POMZ�UXP�

BQQSPQSJBUF� BOBMZUJDBM� TZTUFNT� XFSF� DPNQBSFE� GPS� TVJUBCJMJUZ� JO� B� TUVEZ�� 5IF�

DPNQBSJTPO� XBT� UP� JODMVEF� CPUI� UIF� TQFDUSPNFUFS� BOE� UIF� TPGUXBSF�� 5IF� DSVDJBM�

DSJUFSJPO�XBT�UIF�RVBMJUZ�PG�UIF�GPSFDBTU�PG�XBUFS�DPOUFOU�VOEFS�QSPDFTT�DPOEJUJPOT��

��� -BCPSBUPSZ�TDBMF�GFBTJCJMJUZ�TUVEZ�
"T� TPPO� BT� B� TQFDUSPNFUFS� IBE� CFFO� TFMFDUFE
� UIF� GFBTJCJMJUZ� PG� EFUFSNJOJOH� UIF�

SFTJEVBM�NPJTUVSF�DPOUFOU�XBT�BMTP�UP�CF�EFNPOTUSBUFE�XJUI�UIF�PUIFS�QSPEVDUT�PO�

B�MBCPSBUPSZ�TDBMF��5IJT�UFTU�JODMVEFE�UIF�UJNF�DSJUJDBM�QBSBNFUFST��5IJT�TUBHF�IBE�UP�

CF�DPNQMFUFE�TVDDFTTGVMMZ�CFGPSF�HPJOH�PO�UP�UIF�OFYU�QIBTF��

��� 1SPDFTT�TJNVMBUJPO�

"O� BVUPNBUJPO� DPODFQU� JOUP� XIJDI� UIF� QSPEVDUJPO� MJOF� DPVME� CF� JOUFHSBUFE� IBE�

BMSFBEZ�CFFO�EFTJHOFE�JO�DPMMBCPSBUJPO�XJUI�B�NFDIBOJDBM�FOHJOFFS��6TJOH�UIJT�BT�B�

CBTF
� POMZ� B� QSPUPUZQF� DBQBCMF� PG� TJNVMBUJOH� UIF� EZOBNJD� QSPDFTT� XBT� JOJUJBMMZ�

DPNNJTTJPOFE�� 5IJT�NFBOU� UIBU� UIF� JOJUJBM� JOWFTUNFOU� DPVME� CF� MJNJUFE� UP� B�NVDI�

TNBMMFS�BNPVOU�BOE�UIBU�BO�PGG�MJOF�UFTU�EFWJDF�XPVME�JO�GVUVSF�CF�BWBJMBCMF�PVUTJEF�

SPVUJOF�QSPEVDUJPO�GPS�UIF�EFWFMPQNFOU�PG�OFX�DBMJCSBUJPOT��*U�BMTP�NFBOT�UIBU�PUIFS�
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QSPEVDU�WBMJEBUJPOT�DPVME�CF�QFSGPSNFE�JO�UIF�MBCPSBUPSZ��5P�NBLF�UIF�UXP�QSPDFTT�

VOJUT� EJSFDUMZ� DPNQBSBCMF
� DBSF� XBT� UBLFO� UP� FOTVSF� UIBU� BT� NBOZ� NBUDIJOH�

DPNQPOFOUT�XFSF�VTFE�BT�QPTTJCMF��

��� *OWFTUNFOU�BDDPVOUJOH�

*G�JO�MJOF�JOTQFDUJPO�XBT�GFBTJCMF
�B�DFSUBJO�MFWFM�PG�JOWFTUNFOU�XBT�OFFEFE�JO�PSEFS�

UP� JNQMFNFOU� JU� JO� UIF� QSPEVDUJPO� MJOF�� 5IJT�XPVME� DPWFS� UIF�BOBMZUJDBM�FRVJQNFOU�

BOE�JUT�TPGUXBSF
�QMVT�BVUPNBUJPO�PG�UIF�WJBM�GFFE�BOE�WJBM�USBOTQPSU��0O�UIF�CBTJT�PG�

UIF� QSPEVDUT� JOWFTUJHBUFE
� B� QSPGJUBCJMJUZ� DBMDVMBUJPO� TIPVME� TIPX� XIFUIFS� UIJT�

JOWFTUNFOU�XBT�QSPGJUBCMF�PS�OPU��

�
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$����� .FBTVSFNFOU�QBSBNFUFST�

4JODF�/*3�NFBTVSFNFOUT�BSF�GVOEBNFOUBMMZ�UFNQFSBUVSF�EFQFOEFOU
�UIFSF�XBT�B�OFFE�

UP�BWPJE�BOZ�GMVDUVBUJPOT
�CPUI�JO�UIF�TQFDUSPNFUFS�BOE�JO�UIF�TBNQMFT��$POTFRVFOUMZ
�

BMM�TQFDUSPNFUFST�XFSF�VTFE�JO�DPOUJOVPVT�PQFSBUJPO�UP�PCUBJO�DPOEJUJPOT�UIBU�XFSF�BT�

DPOTUBOU� BT� QPTTJCMF�� 5IF� TBNQMFT� XFSF� NFBTVSFE� POMZ� BU� BNCJFOU� UFNQFSBUVSF
�

SFHBSEMFTT� PG� XIFUIFS� UIFZ� XFSF� SFGSJHFSBUFE� QSPEVDUT
� TJODF� UIF� QSPEVDUJPO�

FOWJSPONFOU�XBT�DMJNBUF�DPOUSPMMFE�UP����o�����$��

"T� UIF� MBZFS� PG� FWFO� UIF� MPXFTU�EJBNFUFS� TBNQMFT� XBT� UPP� UIJDL� GPS� TUVEZ� JO�

USBOTNJUUBODF
� UIF� NFBTVSFNFOUT� IBE� UP� QSPDFFE� VTJOH� B� EJGGVTF� SFGMFDUJPO�

BSSBOHFNFOU�� -BUFSBM� NFBTVSJOH� PG� NPWJOH� WJBMT� XBT� MJLFMZ� UP� QSPEVDF� GVSUIFS�

EJTUPSUJPOT�� 5P� BWPJE� GVSUIFS� TDBUUFSJOH� PO� UIF� SPVOE� HMBTT� TVSGBDF� PG� UIF� WJBMT
� UIF�

TBNQMFT�XFSF�NFBTVSFE� GSPN�CFMPX
� UISPVHI� UIF�CPUUPN�PG� UIF�WJBM��%FGJOFE�EFWJDF�

TQFDJGJD� EJTUBODFT� UP� UIF� SFBEJOH� XJOEPX� IBE� UP� CF� NBJOUBJOFE
� BOE� UIFTF� XFSF�

TQFDJGJFE�JOEJWJEVBMMZ�GPS�FBDI�TQFDUSPNFUFS��

"MM�/*3�NFBTVSFNFOUT�XJUIJO� UIJT�QSPKFDU�XFSF� UBLFO� JO�BCTPSCBODF�NPEF
� BHBJOTU�B�

CBDLHSPVOE� TQFDUSVN�PG� B� �����4QFDUSBMPO� SFGMFDUJPO� TUBOEBSE�� 1$"T�XFSF� VTFE� GPS�

RVBMJUBUJWF�DBMJCSBUJPOT
�1-4T�GPS�RVBOUJUBUJWF�EFUFSNJOBUJPOT
�XJUI�CPUI�NFUIPET�CBTFE�

PO�NFBO�DFOUFSFE�EBUB��

$����� 1SFQBSBUJPO�PG�UIF�TBNQMFT�

5IJT�TUVEZ�DPWFSFE� GPVS�EJGGFSFOU� GSFF[F�ESJFE�QSPEVDUT
� UXP�PG� UIFN�NBOVGBDUVSFE� JO�

UXP�EJGGFSFOU�DPODFOUSBUJPOT��

"T� TUBUFE� BCPWF
� XBUFS� DPOUFOUT� GSPN� �� UP� �� �� PS� �� �
� EFQFOEJOH� PO� UIF� QSPEVDU�

TQFDJGJDBUJPO
� XFSF� BQQSPWFE� GPS� TBMF
� XIJMF� MFWFMT� CFUXFFO� �� BOE� ���� �� XFSF� WFSZ�

VOMJLFMZ� JO� QSBDUJDF��/P� TBNQMFT�XJUI� IJHIFS�NPJTUVSF� DPOUFOU�NBZ� CF� SFMFBTFE�� 5IF�

/*3�NPEFMT� UIFSFGPSF� IBE� UP� DPWFS� BU� MFBTU� UIJT� DBMJCSBUJPO� SBOHF�� *O� PSEFS� UP� BWPJE�

JOBDDVSBUF�FYUSBQPMBUJPOT�BOE�UP�TFU�VQ�SPCVTU�DBMJCSBUJPOT
�TBNQMFT�PVUTJEF�UIF�SFHVMBS�

BOBMZTJT�SBOHF�IBE�BMTP�UP�CF�VTFE��)PXFWFS
�UIF�BDDVSBDZ�PG�UIF�QSFEJDUJPOT�SFMBUJOH�UP�
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UIFTF� QFSJQIFSBM� TBNQMFT� XBT� CFDPNJOH� MFTT� BOE� MFTT� JNQPSUBOU
� TJODF� UIF� POMZ�

EFDJTJWF� GBDUPS� GPS� SFMFBTF�XBT�XIFUIFS� UIF�BDUVBM�XBUFS�DPOUFOU� MJFE�BCPWF�PS�CFMPX�

UIF�SFDPSEFE�GJHVSF��

�
%PTBHF�<NH>�
�

'JMM�NBTT�<NH>�
	BOIZESPVT
�

.BY��XBUFS�
DPOUFOU�<�>�

1SPEVDU�"� ���
���

����
����

��
��

1SPEVDU�#� ��� ���� ��

1SPEVDU�$� ����
����

����
����

��
��

1SPEVDU�%� ���� ���� ��

Table C-1: Overview about the product specifications. 

1IBSNBDFVUJDBM� JOEVTUSZ� QSPDFTTFT� BSF� TUSJDUMZ� WBMJEBUFE� UP� FOTVSF� IJHI� MFWFMT� PG�

QSPEVDU� VOJGPSNJUZ�� $PSSFTQPOEJOHMZ
� FYQFSJFODF� IBT� TIPXO� UIBU� NPTU� VOJUT� PG� B�

MZPQIJMJ[FE�CBUDI�XFSF�XJUIJO�B�WFSZ�OBSSPX�CBOEXJEUI��'PS�FYBNQMF
�UIF�XBUFS�DPOUFOU�

PG�TUBOEBSE�1SPEVDU�"����NH�WJBMT�XBT�CFUXFFO�BQQSPYJNBUFMZ�����BOE��������"T�UIF�

BDDFQUBODF�MJNJU�GPS�UIJT�QSPEVDU�XBT�BSPVOE����
�B�DBMJCSBUJPO�SBOHF�GSPN�������UP�����

XBT�EFTJSBCMF��4JODF�JO�UIF�OPSNBM�DPVSTF�PG�FWFOUT�TVDI�TBNQMFT�PDDVSSFE�FJUIFS�OPU�

BU�BMM�PS�WFSZ�SBSFMZ
�UIFZ�IBE�UP�CF�DSFBUFE�BSUJGJDJBMMZ�GPS�UIF�QVSQPTF�PG�DBMJCSBUJOH�UIF�

/*3�NPEFMT��

0ODF� B� OPO�EFTUSVDUJWF� BOBMZTJT�NFUIPE�XBT� JO� QMBDF
� PVUMJFST� JO� SPVUJOF� QSPEVDUJPO�

DPVME�CF�SFDPHOJ[FE�BOE�DPMMFDUFE�BOE�UIFO�VTFE�UP�JNQSPWF�BO�FYJTUJOH�DBMJCSBUJPO�PS�

TFU�VQ�B�OFX�POF��

$�������%SZJOH�
*O�BCTPMVUF� UFSNT
� SFTJEVBM�NPJTUVSF� JOWPMWFE�WFSZ�TNBMM�RVBOUJUJFT�PG�XBUFS
�TJODF�UIF�

GJMM�NBTTFT�PG�UIF�ESJFE�WJBMT�XFSF�SFMBUJWFMZ�MPX�	BQQSPY������o�����NH
��5IVT�JO�B�DBLF�

PG� 1SPEVDU�"� BQQSPYJNBUFMZ� �� o� ����NH�PG�XBUFS� SFNBJOFE
�XIJDI� OPX�OFFEFE� UP� CF�

GVSUIFS� FYUSBDUFE� XJUIPVU� BMUFSJOH� UIF� QSPEVDUkT� DIFNJDBM� DPNQPTJUJPO� PS� JUT� QIZTJDBM�

DIBSBDUFSJTUJDT
�TJODF�UIPTF�GBDUPST�BMTP�QMBZ�B�SPMF�JO�/*3�NFBTVSFNFOUT��"U�UIF�TBNF�

UJNF� JU�IBE� UP�CF� SFNFNCFSFE� UIBU� UIFTF�XFSF�IZHSPTDPQJD�QSPEVDUT�� JO�PUIFS�XPSET
�

UIFZ�IBE�B�UFOEFODZ�UP�BCTPSC�BNCJFOU�NPJTUVSF�PODF�UIFJS�DPOUBJOFST�XFSF�PQFOFE��
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"T�B�GJSTU�TUFQ
�5("�XBT�VTFE�UP�EFUFSNJOF�UIF�UFNQFSBUVSF�BU�XIJDI�UIF�HSFBUFTU�MPTT�

PG�NBTT�PDDVST�XJUIPVU�UIF�QSPEVDU�BDUVBMMZ�EFDPNQPTJOH��5IJT�GJOEJOH�XBT�UIFO�VTFE�

BT� B� HVJEFMJOF� WBMVF� GPS� GVSUIFS� ESZJOH� PG� UIF� DPSSFTQPOEJOH� TBNQMFT� JO� B� WBDVVN�

ESZJOH�DBCJOFU�BU�BSPVOE����o����NCBS��

�

Figure C-1: Duplicate TGA analysis of Product A 20mg. At approx. 60 °C the greatest loss of 

mass per unit time occurs, while the lyophilizate decomposes above approximately 140 °C 

(The corresponding plots for the other products are attached in the appendix). 

4JODF� UIF�QSFDJTF�XBUFS� DPOUFOU� BU� UIF� CFHJOOJOH� PG� ESZJOH� DPVME�OPU� CF� EFUFSNJOFE�

XJUI�DFSUBJOUZ
�JU�XBT�EJGGJDVMU�UP�BTDFSUBJO�UIF�MPTT�PG�NBTT�QFS�VOJU�UJNF�BT�B�DPOTUBOU��

*O� UIF� DBTF�PG�1SPEVDU�"
� JU� QSPWFE�QPTTJCMF� UP� BDIJFWF�XBUFS�DPOUFOUT�PG���������BU��

����$�BOE�ESZJOH�UJNFT�PG�BQQSPYJNBUFMZ����IPVST��*O�PSEFS�UP�BWPJE�BOZ�OFX�BCTPSQUJPO�

PG�NPJTUVSF� CZ� UIF� TBNQMFT� PO� SFNPWBM� GSPN� UIF� ESZJOH� DBCJOFU
� UIF� 5FGMPO� TUPQQFST�

XFSF�ESJFE� UPHFUIFS�XJUI� UIF�TBNQMFT�BOE�QMBDFE�PO� UIF� GMBTLT�XIJMF� UIFTF�XFSF�TUJMM�

IPU��5IF�TUPQQFST�XFSF�UIFO�DSJNQFE�BOE�UIF�WJBMT�TUPSFE�JO�EFTJDDBUPST�PWFS�CMVF�TJMJDB�

HFM��%SJFE�TBNQMFT�XFSF�NBSLFE�XJUI�UIF�OVNCFS�PG�ESZJOH�IPVST�	99I
��
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Table C-2: Guideline values for drying temperatures. 

$�������)VNJEJGJDBUJPO�

%VF� UP� UIF� IZHSPTDPQJD� OBUVSF� PG� UIF� MZPQIJMJ[BUFT
� JU� XBT� TVGGJDJFOU� UP� TUPSF� UIFN�

PQFOFE� JO� %$� DIBNCFST� PWFS� XBUFS�� *O� PSEFS� UP� BDIJFWF� IJHIFS� BJS� IVNJEJUZ� JO� UIF�

DIBNCFS� BU� UIF� TBNF� UFNQFSBUVSF
� TBUVSBUFE� QPUBTTJVN� EJIZESPHFO� QIPTQIBUF�

TPMVUJPOT� XFSF� VTFE
� JODSFBTJOH� UIF� WBQPS� QSFTTVSF� PG� UIF� XBUFS�� 5IF� IVNJEJGJFE�

TBNQMFT�XFSF�NBSLFE�XJUI�UIF�BQQSPQSJBUF�UJNF�JO�NJOVUFT�JO�UIF�%$�DIBNCFS�	99N
��

3FMBUJWF�BJS�IVNJEJUZ�6�<�>�BU�5�
�

4PMVCJMJUZ�

<H������H�) M 0>� ����$� ����$� ����$� ����$�

,) N 10 O � ��� ��� ��� ��� ���

Table C-3: Stated relative air humidity over a saturated potassium dihydrogen phosphate 

solution at ambient temperature.
P
 

¾ 5IFPSFUJDBM�DPOTJEFSBUJPOT�PO�UIF�UBSHFUFE�IVNJEJGJDBUJPO�PG�TBNQMFT��

1BSUJDVMBSMZ� XIFO� DFSUBJO� XBUFS� WBMVFT� SFRVJSFE� GPS� VOJGPSN� EJTUSJCVUJPO� BDSPTT� UIF�

SBOHF� XFSF� NJTTJOH� EVSJOH� DBMJCSBUJPO� EFWFMPQNFOU
� JU� XBT� EFTJSBCMF� UP� IVNJEJGZ�

TBNQMFT� UP� B� UBSHFUFE� EFHSFF�� )PXFWFS
� JU� QSPWFE� EJGGJDVMU� UP� TUBOEBSEJ[F� TBNQMF�

IVNJEJGJDBUJPO
�TJODF�TFWFSBM�QBSBNFUFST�XFSF�VOLOPXO��5IFTF� JODMVEFE� UIF� GJMM�NBTT
�

XIJDI� BDDPSEJOH� UP� UIF� QIBSNBDPQPFJB�NBZ�EFWJBUF� CZ�±� ������ *O� BEEJUJPO
� JO� TPNF�

QSPEVDUT� CBTFMJOF� NPJTUVSF� WBSJFE� NBSLFEMZ� FWFO� CFUXFFO� TBNQMFT� GSPN� UIF� TBNF�

CBUDI�� *O� SFBMJUZ� UIF� JOUFOUJPO�XBT�UIBU� JO� GVUVSF�TBNQMFT�GSPN�VOLOPXO�OFX�CBUDIFT�

DPVME�BMTP�CF�DPOEJUJPOFE�JO�UIJT�XBZ��

/FWFSUIFMFTT
� B� OVNCFS� PG� USJBMT� XFSF� DPOEVDUFE� UP� EFUFSNJOF� UIF� BWFSBHF� XBUFS�

BCTPSQUJPO� PG� UIF� MZPQIJMJ[BUFT�QFS� VOJU� UJNF�� 'PS� UIJT�QVSQPTF� UISFF� TBNQMFT� PG� FBDI�

QSPEVDU�XFSF�QMBDFE�JO�B�%$�DIBNCFS�BOE�XFJHIUFE�FWFSZ����NJOVUFT��
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Equation C-1: Computation of the sample mass increase. 
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Figure C-2: Absolute mass increase over 2 hours averaged of 3 samples per product. The 

scale was divergent because the fill mass of Products C and D was a multiple of that of 

Product A. 

*O�PSEFS�UP�NBLF�UIF�SFTVMUT�GPS�UIF�EJGGFSFOU�QSPEVDUT�NPSF�DPNQBSBCMF
�UIF�JODSFBTF�

JO� XBUFS� DPOUFOU� 	∆� ) h 0
� OFFEFE� UP� CF� SFMBUFE� JO� QFSDFOUBHF� UFSNT� UP� UIF� GJMM�NBTT�

	. i 
�� $PSSFDU� DBMDVMBUJPO� PG� UIF� DPOUFOU� CBTFE� PO� ,'� UJUSBUJPO� XBT� BDIJFWFE� VTJOH�
&RVBUJPO�$����

( )
2+0

2+2+FRQWHQWZDWHU.) j
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202 %100
[%]
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Equation C-2: Accurate computation of the water content determined by KF titration. 

5P�TJNQMJGZ�UIJT�FRVBUJPO
�JU�XBT�BTTVNFE�UIBU�BMM�WJBMT�DPSSFTQPOEFE�UP�UIF�UBSHFU�NBTT�

PG�UIF�DPSSFTQPOEJOH�QSPEVDUT
�BMUIPVHI�UIJT�XBT�POMZ�UIF�DBTF�JG�B�UPMFSBODF�PG�±������

XBT�BMMPXFE��

2+0 20 %10 ∆>>± �

Equation C-3: The variation in fill mass was much higher than the mass increase due to the 

water absorption. 

4JODF� UIJT� FSSPS� XBT� BQQSPYJNBUFMZ� UFO� UJNFT� HSFBUFS� UIBO� UIF� JODSFBTF� JO� NBTT�

SFTVMUJOH� GSPN� XBUFS� BCTPSQUJPO
� UIF� MBUUFS� BEEFOE� DPVME� CF� FMJNJOBUFE� GSPN� UIF�

EFOPNJOBUPS
�SFTVMUJOH�JO�UIF�GPMMPXJOH�&RVBUJPO�$����
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Equation C-4: Simplified estimation of the water increase in percent. 

$POTFRVFOUMZ
�'JHVSF�$���QFSNJUUFE�POMZ�B�SPVHI�FTUJNBUJPO�PG�XIBU�BDUVBMMZ�IBQQFOFE��
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Figure C-3: The mass increase resulting from water absorption was divided by the target fill 

mass of the product in question. 

'PS�UIF�QSPEVDUT�MJTUFE
�IVNJEJGJDBUJPO�GPS���IPVST�XBT�TVGGJDJFOU�UP�QSPEVDF�BMM�SFRVJTJUF�

XBUFS� DPOUFOUT�� 4JODF� UIJT� USJBM� EJE� OPU� DPOTJEFS� UIF� CBTFMJOF� XBUFS� DPOUFOU� PG� UIF�

TBNQMFT�	) h 0 � ��i 

�UIJT�IBE�UP�CF�BEEFE�JO�PSEFS�UP�EFUFSNJOF�UIF�BDUVBM�GJOBM�WBMVF��5P�

UIJT�FOE
�UIF�2$�SFMFBTF�WBMVF�GPS�B�HJWFO�CBUDI�PS
�NPSF�TJNQMZ
�UIF�DPNCJOFE�BWFSBHF�

PG� TFWFSBM� CBUDIFT� PG� B� QSPEVDU� XBT� VTFE�� "T� UIF� QSPKFDU� QSPDFFEFE
� NPSF� PSJHJOBM�

TBNQMFT�GSPN�EJGGFSFOU�CBUDIFT�XFSF�UJUSBUFE�UIBO�JT�OPSNBM�JO�2$��&YDFQU�GPS�1SPEVDU�

%
�UIF�SFTVMUJOH�BWFSBHF�WBMVFT�TIPXO�JO�5BCMF�$���QSPWFE�UP�CF�SFMJBCMF��

� 5ZQJDBM�CBTFMJOF�DPOUFOU�<�>�

1SPEVDU�"����NH� ����

1SPEVDU�"����NH� ����

1SPEVDU�#� ����

1SPEVDU�$�����NH� ����

1SPEVDU�$�����NH� ����

1SPEVDU�%� ����o���

Table C-4: Typical baseline water content of the different dosage forms. The widest variation 

was found for Product D. 
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¾ &NQJSJDBM�DPOWFOUJPO�CBTFE�NFUIPE�GPS�IVNJEJGJDBUJPO�PG�TBNQMFT�

0O� UIF� CBTJT� PG� UIF� FYQFSJFODF� GSPN� B� MBSHF� OVNCFS� PG� UJUSBUJPOT� PG� JOEFQFOEFOU�

CBUDIFT� PWFS� B� QFSJPE� PG� BQQSPYJNBUFMZ� UXP� ZFBST� JU� XBT� QPTTJCMF� UP� ESBX� VQ� BO�

FNQJSJDBM�SFMBUJPO�CFUXFFO�IVNJEJGJDBUJPO�UJNF�BOE�UBSHFU�DPOUFOU��5IJT�JT�CBTFE�PO�UIF�

BWFSBHF�,'�SFTVMU�PG�B�MBSHF�OVNCFS�PG�TBNQMFT
�XIJDI�XFSF�BWFSBHFE�BT�B�GVODUJPO�PG�

IVNJEJGJDBUJPO�UJNF��
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Figure C-4: Empirical relation between the result of the KF titration and the humidification 

time. 

)PXFWFS
� UIF� NPTU� SFQSFTFOUBUJWF� XFSF� UIPTF� TBNQMFT� UIBU� DBNF� EJSFDUMZ� GSPN�

QSPEVDUJPO� XJUIPVU� TVCTFRVFOU� NPEJGJDBUJPO�� $POTFRVFOUMZ
� XIFSF� QPTTJCMF
� 5FGMPO�

TQBDFST�	��o���NN�IJHI
�XFSF�QMBDFE�VOEFS�TFMFDUFE�ESZJOH�USBZT� JO� UIF�GSFF[F�ESZFS��

"T�B�SFTVMU�PG�UIF�SFEVDFE�IFBU�USBOTGFS�GSPN�UIF�USBZT
�UIFTF�WJBMT�XFSF�MFTT�UIPSPVHIMZ�

ESJFE� BOE
� OBUVSBMMZ
� EBNQ� WJBMT� SFTVMUFE�� 5IF� NPTU� FGGJDJFOU� BQQSPBDI� QSPWFE� UP� CF�

QMBDJOH�TQBDFST���NN�UIJDL�VOEFS�BMM���DPSOFST
�JO�PSEFS�UP�BDIJFWF�TJHOJGJDBOUMZ�IJHIFS�

XBUFS�DPOUFOUT��

$�������&RVJMJCSBUJPO�BGUFS�IVNJEJGJDBUJPO�

3FQFBUFE�/*3�NFBTVSFNFOUT�EVSJOH� UIF� GJSTU�XFFLT�BGUFS�NBOJQVMBUJPO�EFNPOTUSBUFE�

UIBU� BSUJGJDJBMMZ� BMUFSFE� TBNQMFT� GFBUVSFE�B�NPJTUVSF�HSBEJFOU� JO� UIF� GJSTU�XFFLT�� 4JODF�

UIF� DBLF�XBT�NFBTVSFE� UISPVHI� UIF�CPUUPN�PG� UIF� WJBM
� UIF�XBUFS� WBMVFT�EFUFSNJOFE�
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XFSF� UPP� MPX� JO� UIF� JOJUJBM� EBZT� BOE�HSBEVBMMZ� BQQSPBDIFE� UIF� BDUVBM� WBMVFT� BT� UJNF�

QBTTFE��"GUFS�B�XBJUJOH�QFSJPE�PG�UISFF�XFFLT�UIF�TBNQMFT�CFDBNF�DPOTUBOU��5P�CF�BT�

DFSUBJO�BT�QPTTJCMF
�UIF�NBOJQVMBUFE�TBNQMFT�XFSF�OPU�VTFE�GPS�DBMJCSBUJPO�VOUJM�BGUFS�B�

NJOJNVN�XBJUJOH�QFSJPE�PG�GPVS�XFFLT��

$����� %FUFSNJOBUJPO�PG�XBUFS�DPOUFOU�

$�������"MUFSOBUJWF�NFUIPE�GPS�XBUFS�EFUFSNJOBUJPO�

5IF� WPMVNFUSJD� ,'� NFUIPE� IBE� TPNF� JOIFSFOU� ESBXCBDLT
� GJSTU� PG� BMM� UIF� UJNF�

DPOTVNQUJPO��0ODF�EBJMZ� UIF� GBDUPS� PG� UIF� SFBHFOU�IBE� UP�CF� EFUFSNJOFE
� TPNFUJNFT�

TFWFSBM�SFQFUJUJPOT�XFSF�SFRVJSFE��5IF�PQFOJOH�PG�UIF�UJUSBUJPO�WFTTFM�JOWPMWFE�UIF�SJTL�PG�

JOUSPEVDUJPO�PG�FOWJSPONFOUBM�IVNJEJUZ�UP�UIF�XBUFS�GSFF�TZTUFN
�UIFPSFUJDBMMZ�CBMBODFE�

CZ� UIF� EFUFSNJOBUJPO� PG� B� CMJOE� UJUSBUJPO� WBMVF
� BEEFE� VQ� UP� UIF� JOBDDVSBDZ� PG� UIF�

NFUIPE�� 4PNF� QSPEVDUT� 	FTQFDJBMMZ� 1SPEVDU� %
� EFNPOTUSBUFE� QPPS� TPMVCJMJUZ� BOE� JU�

DPVME�CF�EPVCUFE�JG�SFBMMZ�UIF�FOUJSF�XBUFS�XBT�SFMFBTFE�CZ�UIF�TBNQMF��*O�TVDI�DBTFT�

UIF� TPMWFOU� IBE� UP� CF� SFQMBDFE� GPS� FBDI� UJUSBUJPO�� 0WFS� UJNF� UIF� DPOTVNQUJPO� PG�

FYQFOTJWF�SFBHFOUT�XBT�DPOTJEFSBCMF�BT�XFMM��

¾ $PVMPNFUSJD�,'�PWFO�

"�DPVMPNFUSJD�,'�PWFO�DPVME�BU�MFBTU�BWPJE�TPNF�PG�UIFTF�ESBXCBDLT��*O�UIJT�DBTF�UIF�

TBNQMF�JT�IFBUFE�TP�UIBU�UIF�DPOUBJOFE�XBUFS�FWBQPSBUFT�BOE�JT�EJTDIBSHFE�CZ�B�TUFBN�

PG�ESZ�OJUSPHFO� JOUP� UIF� DPVMPNFUSJD�DFMM�� 5IF� TBNQMFT�EP�OPU� SFRVJSF�EJTTPMVUJPO�BOE�

UIF� WFTTFM� JT� OPU� DPOUBNJOBUFE�� 4JEF� SFBDUJPOT� BOE� GSFRVFOU� TPMWFOU� SFQMBDFNFOU� BSF�

DPOTFRVFOUMZ�BWPJEFE��

�

Figure C-5: Coulometric KF oven with sample processor. �  
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¾ 1SPDFEVSF�

*U�TIPVME�CF�BTTFTTFE� JG�BO� JNQSPWFNFOU�PG�CPUI�UIF�BDDVSBDZ�PG� UIF�/*3�DBMJCSBUJPOT�

BOE� UIF� TBNQMF� IBOEMJOH� DPVME� CF� BDIJFWFE� BT� BO� BMUFSOBUJWF� XBUFS� DPOUFOU�

EFUFSNJOBUJPO�� 5P� BMMPX� HPPE� DPNQBSBCJMJUZ
� UXP� QSPEVDUT� XFSF� DPOTJEFSFE� IFSF��

1SPEVDU�"����NH�UP�CF�DPNQBSFE�UP�BMSFBEZ�FYJTUJOH�DBMJCSBUJPOT�SFMZJOH�PO�WPMVNFUSJD�

,'�UJUSBUJPO�BOE�1SPEVDU�%
�CFJOH�LOPXO�GPS�BO�JOIPNPHFOFPVT�DBLF�BQQFBSBODF�BOE�

QPPS�TPMVCJMJUZ��

*O�CPUI�DBTFT
�PSJHJOBM� BOE�NPJTUVSJ[FE�TBNQMFT�XFSF�QSFQBSFE��1SJPS� UP� UJUSBUJPO� UIFZ�

XFSF� /*3� NFBTVSFE� 	�
���� �� �
���� ON
� �� ON� SFTPMVUJPO
� ��� TDBOT
�� 5IF� VOJRVF�

QSFUSFBUNFOU� GPS� BMM� UIF�EBUB�XBT�.4$
� BOE�B�1-4�XBT�DPNQVUFE�BGUFSXBSET��"T� UIF�

FYBDU�GJMM�NBTT�PG�UIF�TBNQMFT�XBT�OPU�LOPXO
�UIF�OFU�XFJHIU�IBE�UP�CF�EFUFSNJOFE�CZ�

GJMMJOH� QSFGFSBCMZ� UIF� FOUJSF� DBLF� JOUP� TQFDJBM� TFBMBCMF� HMBTT� DPOUBJOFST�� )FBUJOH�

UFNQFSBUVSFT� TVQFSJPS� UP� ���� �$� CVU� JOGFSJPS� UP� BOZ� EFDPNQPTJUJPO� XFSF� JEFOUJGJFE�

BDDPSEJOH� UP�QSFWJPVT�5("� SFTVMUT��%VF� UP� UIF�IJHI�EFMJRVFTDFODF�PG� UIF�QSPEVDU�OP�

EPVCMF�EFUFSNJOBUJPO�CZ�UIF�WPMVNFUSJD�BOE�DPVMPNFUSJD�NFUIPE�XBT�GFBTJCMF��

¾ 1SPEVDU�"����NH
�,'�PWFO�BT�SFGFSFODF�NFUIPE�

'PS�1SPEVDU�"����NH
� JOJUJBMMZ����PSJHJOBM�TBNQMFT�XFSF�BOBMZ[FE��5IF�,'�PWFO�SFTVMUT�

GPS� UIFTF� PSJHJOBM� TBNQMFT� ZJFMEFE� XBUFS� DPOUFOUT� CFUXFFO� ����� UP� ����� �� XJUI� B�

IFBUJOH�UFNQFSBUVSF�PG������$��

5IF�3FTJEVBM�7BMJEBUJPO�7BSJBODF�QMPU�PG�UIF�DBMJCSBUJPO�	'JHVSF�$��
�EJE�OPU�SFQSFTFOU�B�

DPOTJTUFOU�NPEFM�QFSGPSNBODF��5IF�NJOJNVN�JO�UIJT�QMPU�XBT�GPVOE�BU���1$T
�BMUIPVHI�

MFBEJOH� UP� B� RVJUF� QPPS� DPSSFMBUJPO�� 5IF� EBUB� QPJOUT� XFSF� SBUIFS� BSCJUSBSJMZ� TDBUUFSFE�

BCPVU�UIF�FOUJSF�QMPU��5IF�DPSSFMBUJPO�WBMVFT�PG�����SBUIFS�JOEJDBUF�OP�DPSSFMBUJPO�UIBO�B�

HPPE�SFMBUJPO�CFUXFFO�UXP�EBUB�TFUT��5IF�GBS�UPP�MPX�TMPQF�CVU�UPP�IJHI�PGGTFU�JOEJDBUFE�

UIBU� UIF� DPVMPNFUSJDBMMZ� EFUFDUFE� XBUFS� DPOUFOUT� XFSF� VTVBMMZ� IJHIFS� UIBO� UIPTF�

QSFEJDUFE�CZ�/*3��
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Figure C-6: Model overview of the calibration of exclusively original samples. The residual 

validation variance plot showed non-consistent correlation results. 

5IVT
�TPNF�NPJTUVSJ[FE�TBNQMFT�XFSF�BEEFE�UP�UIF�TFU��5FO�GVSUIFS�TBNQMFT�DPOUBJOJOH�

�����UP��������XBUFS�BDDPSEJOH�UP�UIF�,'�PWFO�XFSF�JODMVEFE�UP�UIF�NPEFM�BOE�UIF�1-4�

XBT�SFDBMDVMBUFE��

"QQBSFOUMZ
�UIF�IVNJEJGJFE�TBNQMFT�XFSF�BMM�QSFEJDUFE�BQQSPYJNBUFMZ�UP�UIF�TBNF�XBUFS�

DPOUFOU
�CVU�UIF�UJUSBUJPO�SFTVMU�WBSJFE�CZ�������	'JHVSF�$��
��5IJT�BEEJUJPO�SFEVDFE�UIF�

OVNCFS�PG�1$T�UP�UXP�BOE�JNQSPWFE�BMM�UIF�CFODINBSLT�CFZPOE�UIF�4&$7��#VU�BDUVBMMZ
�

UIF� DPSSFMBUJPO� MJOF� XBT� KVTU� EPNJOBUFE� CZ� UIF� EBUB� GBS� BQBSU� GSPN� UIF� NBJO� QPJOU�

TXBSN��*U�EJE�OPU�SFQSFTFOU�USVF�WBMVFT��
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Figure C-7: Model overview of the calibration with 10 artificially moisturized samples added. 

¾ 1SPEVDU�%
�,'�PWFO�BT�SFGFSFODF�NFUIPE�

%VF� UP� JUT� QPPS� TPMVCJMJUZ
� UIF� QPUFOUJBM� BEWBOUBHFT� PG� UIF� ,'� PWFO� TIPVME� CFDPNF�

FTQFDJBMMZ�NBOJGFTU�JO�DBTF�PG�1SPEVDU�%��)FSF�GSPN�UIF�CFHJOOJOH�PWFSMBQQJOH�TBNQMF�

TFUT�XFSF�QSFQBSFE
����PSJHJOBM�TBNQMFT�GSPN������UP��������XBUFS�BOE����NBOJQVMBUFE�

WJBMT�JO�UIF�SBOHF�PG������UP��������BDDPSEJOH�UP�UIF�,'�PWFO�XJUI�IFBUJOH�UFNQFSBUVSFT�

PG� ���� �$�� "HBJO� B� SFHSFTTJPO� PG� UIF� NVMUJQMJDBUJWF� TDBUUFS� DPSSFDUFE� EBUB� XBT�

DPNQVUFE����1$T�XFSF�SFRVJSFE�UP�PCUBJO�XFBL�DBMJCSBUJPO�CFODINBSLT��/PU�TBUJTGZJOH�

TMPQF� BOE� PGGTFU� JOEJDBUFE� PODF� NPSF� UIF� VOEFSFTUJNBUJPO� PG� UIF� XBUFS� DPOUFOU� CZ�

/*3"�	'JHVSF�$��
��
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Figure C-8: Model overview of Product D with a mixed calibration sample set. 

¾ %JTDVTTJPO�BOE�DPODMVTJPO�

5IF�TBNQMF�IBOEMJOH�XBT�DPNGPSUBCMF�FOBCMJOH�UIF�UJUSBUJPO�PG����TBNQMFT�JO�POF�SVO�

PO�BO�BVUP�TBNQMFS�XJUIPVU�JOUFSNFEJBUF�QSFQBSBUJPO��#VU�UIF�BOBMZTJT�QSFDJTJPO�EJE�OPU�

DPSSFTQPOE�UP�UIF�FYQFDUBUJPOT��

"MUIPVHI�UIF�TBNQMF�TFU�PG�1SPEVDU�%�XBT�NVDI�NPSF�IPNPHFOFPVT�JO�DPNQBSJTPO�UP�

UIBU� PG� 1SPEVDU� "
� JU� XBT� OPU� QPTTJCMF� UP� BDIJFWF� BDDFQUBCMF� SFHSFTTJPO� SFTVMUT�� 6O�

SFQSPEVDJCMF�UJUSBUJPO�SFTVMUT�DBVTFE�B�CSPBE�TDBUUFS�PO�UIF�QSFEJDUFE�WFSTVT�NFBTVSFE�

QMPUT� PG� UIF� DBMJCSBUJPOT�� &TQFDJBMMZ
� UIF� PSJHJOBM� TBNQMFT�XFSF� VOEFSFTUJNBUFE� JO� UIF�

/*3"�QSFEJDUJPOT��5P�USBOTGJMM�UIF�MZPQIJMJ[BUFT�JU�XBT�OFDFTTBSZ�UP�PQFO�UIF�IFSNFUJDBMMZ�

TFBMFE� DPOUBJOFST�� "GUFSXBSET
� UIF� TBNQMFT� SFNBJOFE� B� DFSUBJO� UJNF� PO� UIF� TBNQMF�

QSPDFTTPS� CFGPSF� CFJOH� IFBUFE� BOE� BOBMZ[FE�� 7FSZ� MJLFMZ� UIF� IZHSPTDPQJD� TBNQMFT�

BCTPSCFE�BNCJFOU�IVNJEJUZ�EVSJOH�UIFTF�QSFQBSBUJPO�TUFQT
�BOE�UIJT�UIF�NPSF
�UIF�ESJFS�

UIF�TBNQMFT�JOJUJBMMZ�XFSF��"DDPSEJOH�UP�UIJT�BTTVNQUJPO
�UIF�/*3"�QSFEJDUJPO�WBMVF�XBT�

UZQJDBMMZ� MPXFS� UIBO� UIF�,'�PWFO� SFTVMU�� 5IVT
� UIF�,'�PWFO�XBT�OPU� DPOTJEFSFE�BT�BO�

BQQSPQSJBUF�BMUFSOBUJWF�UP�UIF�DPOWFOUJPOBM�WPMVNFUSJD�,'�UJUSBUJPO��
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¾ 1SPEVDU�TQFDJGJD�QBSBNFUFST�BOE�DBMDVMBUJPO�

5P�EFUFSNJOF�UIF�BDUVBM�XBUFS�DPOUFOU�JO�UIF�TBNQMFT
�WPMVNFUSJD�,BSM�'JTDIFS�UJUSBUJPO�

XBT�DBSSJFE�PVU�XJUI�B�%PTJNBU�����,'�5JUSJOP�BOE�)ZESBOBM�TPMWFOUT�BOE� UJUSBUPST�CZ�

3JFEFM�EF�)BµO��

�

Figure C-9: Volumetric KF titration stand. �  

'PS� FBDI� QSPEVDU� B� QSFDJTF� UJUSBUJPO� QSPDFEVSF� XBT� MFHBMMZ� SFHJTUFSFE
� XIJDI� SFTVMUT�

XFSF�BDLOPXMFEHFE�BT� UIF� USVF�WBMVF�TFSWJOH�BT�B�SFGFSFODF�GPS� UIF�/*3�DBMJCSBUJPOT��

%FQFOEJOH� PO� UIF� TPMVCJMJUZ� PG� UIF� EPTBHF� GPSN� EJGGFSFOU� TPMWFOUT� XFSF� EFGJOFE��

%JGGFSJOH� GSPN� UIF�PGGJDJBM� SFHVMBUJPO
�BMM� TBNQMFT�XFSF� UJUSBUFE�XJUI� UIF�TBNF� SFBHFOU�

DPODFOUSBUJPO�UP�BDIJFWF�UIF�IJHIFTU�QPTTJCMF�BDDVSBDZ�PG�UIF�NFUIPE�	POF�DPNQPOFOU�

SFBHFOU�)ZESBOBM�$PNQPTJUF������NM�≅���NH�XBUFS
��5IF�FYBDU�XBUFS�FRVJWBMFOU�PG�UIF�

,'�SFBHFOU�XBT�EFUFSNJOFE�PODF�B�EBZ�BHBJOTU�EJTUJMMFE�XBUFS�JO�UIF�SFTQFDUJWF�TPMWFOU�

UP�VTF��

[ ] [ ]
[ ]POYROXPH.)

PJVDPSOHZHLJKWHGPOPJHTXLYDOHQWZDWHU =/ �

Equation C-5: Formula to calculate the water-reagent-equivalence. 

5IF� ESJGU� PG� UIF� XBUFS�GSFF� TPMWFOU� NBZ� OPU� CF� IJHIFS� UIBO� �� µM� �� NJO�� 5IF� SFMBUJWF�

EJGGFSFODF�PG�UIF�EPVCMF�EFUFSNJOBUJPO�TIPVME�OPU�FYDFFE��������
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Equation C-6: Computation of the variance of two successive determination of the reagent’s 

factor. 

*O�UIF�FOE�PG�UIF�FOUJSF�UJUSBUJPO�UIF�EFQMPZFE�GBDUPS�XBT�WFSJGJFE�CZ�UIF�EFUFSNJOBUJPO�

PG� BOPUIFS�ESPQ�PG�QVSF�XBUFS��5IJT� SFTVMU�HBWF�BO�FTUJNBUJPO�PG� UIF�BDDVSBDZ�PG� UIF�

UJUSBUJPOT�QFSGPSNFE�EVSJOH�UIBU�TFSJFT��*G�UIF�EFWJBUJPO�XBT�UPP�IJHI
�BMM�UIF�DPODFSOFE�

TBNQMFT�XFSF�SFKFDUFE��

( )[ ] [ ]
[ ]PJVDPSOHZHLJKWHG

HTXLYDOHQWZDWHUPOYROXPH.)PPZDWHU %100
/%

⋅⋅= �

Equation C-7: The result of the terminal water determination should be as close as possible  

to 100 %. 

4ZOPOZN�
�

4PMWFOU�
�

8FJHIUFE�TBNQMF��
<NH>�

&YDIBOHF�PG�UIF�TPMWFOU�
BGUFS�Y�EFUFSNJOBUJPOT�

1SPEVDU�"� )ZESBOBM�4PMWFOU� _����� ��

1SPEVDU�#� .FUIBOPM� _����� ��

1SPEVDU�$� .FUIBOPM� _����� ��

1SPEVDU�%� .JYUVSF�PG��
.FUIBOPM�BOE�GPSN�BNJEF�����

_����� ��

Table C-5: Overview of the solvents used for the KF titration. For the methanol an HPLC 

grade should be preferred. 

¾ .FUIPE�WBMJEBUJPO�

/*34� NFUIPET� UP� CF� VTFE� GPS� RVBOUJGJDBUJPO� SFRVJSF� DBMJCSBUJPO� PG� UIF� /*3� TQFDUSBM�

SFTQPOTF� BHBJOTU� WFSJGJFE� SFGFSFODF� EBUB�� 5IFSFGPSF� DIBSBDUFSJTUJDT� PG� UIF� SFGFSFODF�

NFUIPE�TIPVME�CF�DPOTJEFSFE�JO�UIF�QSPDFTT�PG�UIF�EFWFMPQNFOU�BOE�WBMJEBUJPO�PG�UIF�

/*34�NFUIPE
�F�H��BDDVSBDZ
�SBOHF
�BOE�QSFDJTJPO��

&BSMJFS�TUVEJFT�JO�UIJT�DPOUFYU�SBJTFE�TUBUJTUJDT�JODMVEJOH�VQ�UP�����WBMVFT�UIBU�FNFSHFE�

GSPN� QBSBMMFM� EFUFSNJOBUJPOT� PG� /*3"� BOE� ,'� UJUSBUJPO�� 5IFTF� BTTBZT� SFWFBMFE� BO�

BCTPMVUF� FSSPS� PG� ±� ���� �� PG� /*3"� JO� DPNQBSJTPO� UP� ,'�� 5IJT� TUBUFNFOU� XBT�

BDLOPXMFEHFE�XJUI�B������DPOGJEFODF�JOUFSWBM�CZ�VTF�PG�BO�PGGJDJBM�TUBUJTUJDBM�WBMJEBUJPO�

UPPM� PG� UIF� 2$�MBCPSBUPSJFT�� 5IJT� BCTPMVUF� JOBDDVSBDZ� XBT� DPOWFSUFE� UP� B� SFMBUJWF�

EFWJBUJPO� TUBSUJOH� GSPN� UIF�NFBO� WBMVF� PG� UIF� UBSHFU� CBOE�� 5IF� SPVOEFE� VQ� SFMBUJWF�
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EFWJBUJPO�XBT�BGUFSXBSET�BEPQUFE�BT�DSJUFSJPO�PG� UIF�NFUIPE�DPNQBSJTPO�SFRVJSFE�GPS�

BOZ�GVSUIFS�/*3�NFUIPE�WBMJEBUJPO��

� 5BSHFU�CBOE�<�>� .FBO�WBMVF�<�>� 3FMBUJWF�EFWJBUJPO�<�>�

1SPEVDU�"� ������ �� ±����

1SPEVDU�#� ������ ���� ±����

1SPEVDU�$� ������ ���� ±����

1SPEVDU�%� ������ ���� ±����

Table C-6: The rounded relative deviations were adopted to assess the method comparison 

of NIRA to KF titration. 

$����� #BTFMJOF�4JUVBUJPO
�1SPEVDU�"�

"� WBMJEBUFE� MBCPSBUPSZ�/*3�NFUIPE� GPS� EFUFSNJOBUJPO�PG� SFTJEVBM�XBUFS� DPOUFOU�VTJOH�

UIF�MBCPSBUPSZ�TQFDUSPNFUFS�'044�/*34ZTUFNT�3BQJE�$POUFOU�"OBMZ[FS�BMSFBEZ�FYJTUFE�

GPS�1SPEVDU�"����NH��&YBNJOBUJPO�PG�GSFTIMZ� MZPQIJMJ[FE�TBNQMFT�PG�UIJT�QSPEVDU�EJSFDU�

GSPN� POHPJOH� QSPEVDUJPO� SFWFBMFE� UIBU� UIF� XBUFS� DPOUFOU� NFBTVSFE� CZ� /*3"� TMPXMZ�

JODSFBTFE�PWFS�UIF�DPVSTF�PG�UIF�GJSTU�XFFLT��*O�PSEFS�UP�RVBOUJGZ�UIJT�QIFOPNFOPO
�UFO�

OFXMZ� MZPQIJMJ[FE� WJBMT� XFSF� UFTUFE� TFWFSBM� UJNFT� PWFS� GJWF� NPOUIT� XJUI� UIF� FYJTUJOH�

MBCPSBUPSZ�/*3�TQFDUSPNFUFS��"MM�TBNQMFT�QSPEVDFE�DPNQBSBCMF�NFBTVSFNFOU�QSPGJMFT
�

XJUI� UIF�QSFEJDUFE�XBUFS� WBMVFT� JODSFBTJOH�PWFS� UIF� GJSTU� UFO�XFFLT�CZ�BO�BWFSBHF�PG�

�������	'JHVSF�$���
��

5IF�TBNF� UFTU�XBT�UIFO�SFQFBUFE�PO�BO�"05'�TQFDUSPNFUFS�XJUI�B�EJGGFSFOU�CBUDI�PG�

UIF�TBNF�QSPEVDU��5IF�TVCTFRVFOU�,'� UJUSBUJPO�PG� UIF�TBNQMFT� 	JO� UIJT�DBTF�VTJOH� UIF�

FOUJSF� QSPEVDU� DBLF
� QSPEVDFE� WBMVFT� TJNJMBS� UP� UIPTF� PCUBJOFE� BU� UIF� FOE� PG� UIF�

FRVJMJCSBUJPO� QIBTF� SBUIFS� UIBO� PO� UIF� GJSTU� EBZ� BGUFS� MZPQIJMJ[BUJPO�� 4JODF� JO�MJOF�

BOBMZTJT�JT�DBSSJFE�PVU�PO�GSFTI�WJBMT�KVTU�VOMPBEFE�GSPN�UIF�ESZFS
�UIJT�PCTFSWBUJPO�XBT�

DPOTJEFSFE� TJHOJGJDBOU� BOE�XBT� JOWFTUJHBUFE� GVSUIFS�� 5IJT� QIFOPNFOPO�XBT� PCTFSWFE�

POMZ�XJUI�1SPEVDU�"
�JO�CPUI�EPTBHFT��
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Figure C-10: Moisture content time profile for the parallel determination of 10 samples of 

Product A 20 mg. 

$�������7JBM�TFBMJOH�
#BTFE�PO�UIF�SFTVMUT�PG�TUBOEBSE�UFTUT�DPOEVDUFE�CZ�1BDLBHJOH�%FWFMPQNFOU�BU�3PDIF
�

,BJTFSBVHTU
� UIF� WJBMT� DPVME� CF� SFHBSEFE� BT� IFSNFUJDBMMZ� TFBMFE��.BTT� JODSFBTF� PWFS�

UJNF�XBT�EFUFSNJOFE�HSBWJNFUSJDBMMZ�BOE�B�TUFBN�QFSNFBCJMJUZ� UFTU�XBT�DPOEVDUFE�� *O�

CPUI�DBTFT� UIF�HBT�QFSNFBCJMJUZ�XBT�XJUIJO� UIF� SBOHF�PG�BDDVSBDZ�PG� UIF�CFTU� UFTUJOH�

NFUIPET�� 5IJT� WJSUVBMMZ� SVMFT� PVU� BCTPSQUJPO� PG�XBUFS� GSPN� UIF� FOWJSPONFOU
�XIJDI� JO�

BOZ� FWFOU� XBT� IJHIMZ� JNQSPCBCMF
� HJWFO� UIF� IPNPHFOFPVT� QSPGJMFT� PCUBJOFE� XJUI�

TFWFSBM�WJBMT��

$�������1PMZNPSQIJTN�

%VSJOH� MZPQIJMJ[BUJPO� BOE� BMTP� BGUFSXBSET
� USBOTJUJPOT� CFUXFFO� BNPSQIPVT� BOE�

DSZTUBMMJOF�TUBUFT�BSF�QPTTJCMF��5IF�DSZTUBM�TUSVDUVSF�JT�PGUFO�FYBNJOFE�CZ�NFBOT�PG�NJE�

*3�BOE�NBZ�UIVT�CZ�EFGJOJUJPO�BMTP�IBWF�BO�JOGMVFODF�PO�BO�/*3�SFBEJOH��4JODF�TFWFSBM�

QPMZNPSQIPVT�TUBUFT�PG�UIF�BDUJWF�JOHSFEJFOU�PG�1SPEVDU�"�XFSF�LOPXO
�BO�Y�SBZ�CBTFE�

QPMZNPSQIJTN�TUVEZ�XBT�VOEFSUBLFO�BT�B�OFYU�TUFQ��5IF�TBNF�WJBM�XBT�FYBNJOFE�GJWF�

UJNFT�	BGUFS��
��
���
����BOE����EBZT
��8JUIJO�UIF�BDDVSBDZ�MJNJUT�PG�UIF�NFUIPE�JU�XBT�

OPU�QPTTJCMF�UP�PCTFSWF�BOZ�DIBOHF�JO�UIF�TQFDUSVN�PWFS�UIJT�QFSJPE��$POTFRVFOUMZ
�B�
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SFBSSBOHFNFOU� PG� UIF� DSZTUBMMJOF� TUSVDUVSF� PG� UIF� QSPEVDUT� XBT� BMTP� SVMFE� PVU� BT� B�

DBVTF�GPS�UIF�DIBOHJOH�NPJTUVSF�WBMVFT��

�

Figure C-11: X-ray spectrum of Product A 20 mg, one day after lyophilization. 

�

Figure C-12: X-ray spectrum of the same sample of Product A 20 mg, 41 days after 

lyophilization. 
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$�������0UIFS�DBVTFT��
5IFPSFUJDBMMZ
� UIF� MZPQIJMJ[BUF� DPVME� BMTP� CF� BCTPSCJOH� NPJTUVSF� QJDLFE� VQ� CZ� UIF�

TUPQQFS�EVSJOH�TUFSJMJ[BUJPO� � �5IJT�BTTVNQUJPO
�IPXFWFS
� JT�OPU�DPOTJTUFOU�XJUI� UIF� GBDU�

UIBU
�JNNFEJBUFMZ�BGUFS�MZPQIJMJ[BUJPO
�JU�XBT�QPTTJCMF�UP�NFBTVSF�UIF�GJOBM�XBUFS�DPOUFOU�

CZ�WPMVNFUSJD�,'�UJUSBUJPO��"DDPSEJOHMZ�UIFSF�IBE�UP�CF�BOPUIFS�FYQMBOBUJPO��

"T� EFTDSJCFE� JO� UIF� TFDUJPO� PO� MZPQIJMJ[BUJPO
� TVCMJNBUJPO� JO� UIF� MZPQIJMJ[FE� QSPEVDU�

DBLF� EPFT� OPU� QSPDFFE� JO� B� IPSJ[POUBM� QMBOF� GSPN� UPQ� UP� CPUUPN
� CVU� GSPN� BMM� TJEFT�

UPXBSET� UIF�DFOUSF��5IFSFGPSF�CFGPSF� UIF�TUBSU�PG�TFDPOEBSZ�ESZJOH� UIF� GJOBM� USBDFT�PG�

JDF�BSF�BU�UIF�IFBSU�PG�UIF�DBLF��*U�NBZ�UIFSFGPSF�CF�BTTVNFE�UIBU�FWFO�BGUFS�DPNQMFUJPO�

PG� UIF� FOUJSF� GSFF[F�ESZJOH� QSPDFTT� B�NPJTUVSF� HSBEJFOU�NBZ� FYJTU� JO� UIF� MZPQIJMJ[BUF��

1JLBM� BOE� 4IBI � � IBWF� DPOGJSNFE� UIJT� TVQQPTJUJPO�� 5IFZ� EJWJEFE� EJGGFSFOU� ESJFE� DBLFT�

JOUP�QJFDFT�JO�TVDI�B�XBZ�UIBU�UIF�VQQFS�BOE�MPXFS�BOE�UIF�JOOFS�BOE�PVUFS�QBSUT�DPVME�

CF�UJUSBUFE�TFQBSBUFMZ�GSPN�POF�BOPUIFS��5IFZ�DPODMVEFE�UIBU
�BT�ESZJOH�QSPHSFTTFT�BOE�

JOUFSWJBM�IFUFSPHFOFJUZ�EFDSFBTFT
� JOUSBWJBM�IFUFSPHFOFJUZ� JODSFBTFT
�BT�DBMDVMBUFE�GSPN�

UIF�SBUJP�PG�UIF�XBUFS�DPOUFOU�PG�UIF�PVUFS�TFDUJPO�UP�UIBU�PG�UIF�XIPMF�WJBM��

*U� UIFSFGPSF� TFFNFE� QMBVTJCMF� UIBU� BU� UIF� DPSF� PG� 1SPEVDU� "� UIFSF� XBT� B� DMVTUFS� PG�

NPJTUVSF� UIBU�EJGGVTFE�PVUXBSET�POMZ�WFSZ�TMPXMZ��%FQFOEJOH�PO� UIF�TBNQMF
� UIF� MPX�

QPXFS�/*3�SBEJBUJPO�QFOFUSBUFT�POMZ�B�GFX�NJMMJNFUFST�p�CVU�QFSIBQT�OPU�EFFQ�FOPVHI�

UP�JOUFSBDU�XJUI�UIF�DPSF��'VSUIFSNPSF
�1SPEVDU�"�XBT�B�EFFQ�ZFMMPX�BOE�WFSZ�DPNQBDU�

DBLF�UIBU�DPOTFRVFOUMZ�XBT�QSPCBCMZ�IJHIMZ�BCTPSCFOU��

$�������"DUJPO�UBLFO�
4JODF� UIF� OFX� NFUIPE� JO� DPOUSBTU� UP� SPVUJOF� 2$� BOBMZTJT� XBT� JOUFOEFE� UP� FYBNJOF�

GSFTI�WJBMT
�JU�XBT�OFDFTTBSZ�UP�UBLF�UIJT�QIFOPNFOPO�JOUP�BDDPVOU��*OJUJBMMZ
�B�DIBMMFOHF�

TFU�PG�����TBNQMFT�XBT�TFU�VQ��5IJT�DPOUBJOFE�POMZ�PSJHJOBM�WJBMT�GSPN�QSPEVDUJPO
�/*3�

NFBTVSFE�PO�BO�"05'�TQFDUSPNFUFS�BU�UIF�GJSTU�EBZ�BGUFS�QSPEVDUJPO�	�
�������
����ON
�

�� ON� SFTPMVUJPO
� ��� TDBOT
�� 5IJT� TFU� XBT� UIFO� QSFEJDUFE� CZ� UISFF� 1-4� NPEFMT� XJUI�

EJGGFSFOU�TFU�VQT��5IF�VOJRVF�QSFUSFBUNFOU�GPS�BMM�UIFTF�DBMJCSBUJPOT�XBT�.4$�BHBJO��
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¾ 1-4�NPEFM�XJUI�FRVJMJCSBUFE�TBNQMFT�POMZ�

5IF�QSFEJDUJPO�GPS�UIJT�TFU�XBT�JOJUJBMMZ�NBEF�CZ�B�DBMJCSBUJPO�UIBU�DPOTJTUFE�FYDMVTJWFMZ�

PG� BMSFBEZ� FRVJMJCSBUFE� TBNQMFT
� PSJHJOBM� QMVT� BSUJGJDJBMMZ� ESJFE� BOE� IVNJEJGJFE� POFT�

	'JHVSF�$���
��

2VJUF�BQBSU�GSPN�UIF�HFOUMF�TMPQF
�UIF�OFHBUJWF�CJBT�JO�QBSUJDVMBS�XBT�B�DMFBS�JOEJDBUJPO�

UIBU�UIF�DBMJCSBUJPO�IBE�TZTUFNBUJDBMMZ�VOEFSFTUJNBUFE�UIF�TBNQMFT�	'JHVSF�$���
��

�

Figure C-13: Calibration overview of the model based on equilibrated samples only. 
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Figure C-14: Prediction results for the challenge set of an initial model based on 

equilibrated samples only. 

¾ .JYFE�1-4�NPEFM�XJUI�FRVJMJCSBUFE�BOE�GSFTI�TBNQMFT�

*O� PSEFS� UP� BEEJUJPOBMMZ� JODMVEF� UIF�NPJTUVSF� HSBEJFOUT� PG� GSFTI� TBNQMFT� JO� UIF�/*3"�

DBMJCSBUJPO
� JOJUJBMMZ� POMZ� GSFTI� PSJHJOBM� TBNQMFT�XFSF� BEEFE� UP� UIF� BSUJGJDJBMMZ� ESJFE� PS�

IVNJEJGJFE�POFT��

"DDPSEJOH�UP�'JHVSF�$����UIF�DBMJCSBUJPO�QBSBNFUFST�SFNBJOFE�WJSUVBMMZ�VODIBOHFE��#VU�

JO� UIF� QSFEJDUFE� WFSTVT� NFBTVSFE� QMPU� PG� UIF� FYUFSOBM� WBMJEBUJPO� TFU� 	'JHVSF� $���

�

3.4&1� BOE� CJBT� ESPQQFE� DPOTJEFSBCMZ
� CVU� TMPQF� BOE� PGGTFU� EFUFSJPSBUFE�� 5IF�

QSFEJDUJPOT�PG�UIF�MPX�WBMVFT
�UIFSFGPSF
�XFSF�DMFBSMZ�USFOEJOH�UPP�IJHI�BOE�UIPTF�PG�UIF�

IJHIFS�WBMVFT�UPP�MPX��
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Figure C-15: Model overview of a mixed calibration comprising equilibrated and fresh 

samples from the production line. 

�

Figure C-16: Predicted versus measured plot of the challenge set predicted by the mixed 

model, containing fresh and equilibrated samples from the production line. 
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¾ 1-4�NPEFM�XJUI�FYDMVTJWFMZ�GSFTI�TBNQMFT�

"T� MBTU� TUFQ
� BMM� TBNQMFT� XFSF� SFQMBDFE� XJUI� GSFTI� WJBMT�� 5IJT� OBUVSBMMZ� SFRVJSFE� UIF�

FOUJSF�CBOEXJEUI
� JODMVEJOH�CPUI�XFUUFS� BOE�ESJFS� TBNQMFT� UIBO�VTVBM�� $POTFRVFOUMZ
�

TFWFSBM�FYQFSJNFOUBM� MZPQIJMJ[BUJPO�DZDMFT�XFSF� SVO��5IF�WJBMT�XFSF�TFBMFE�BU�EJGGFSFOU�

UJNFT�CFGPSF� UIF�FOE�PG� TFDPOEBSZ�ESZJOH� JO�PSEFS� UP� SFUBJO�IJHIFS�NPJTUVSF� DPOUFOU��

0UIFS�TBNQMFT�XFSF�ESJFE�GPS�TJHOJGJDBOUMZ�MPOHFS�BOE�BMTP�BU�IJHIFS�UFNQFSBUVSFT�UIBO�

OPSNBM�� *U�XBT� UIVT� QPTTJCMF� UP� DPWFS� B�NPJTUVSF� SBOHF� PG� ���� o� �������"O� BEEJUJPOBM�

QSPCMFN�XBT�EVF�UP�UIF�GBDU�UIBU�UIF�MZPQIJMJ[BUJPO�DZDMFT�JO�SPVUJOF�QSPEVDUJPO�EJE�OPU�

BMXBZT�FOE�BU�UIF�TBNF�UJNF��5IF�GSFF[F�ESJFS�XBT�UIVT�VOMPBEFE�BU�EJGGFSFOU�UJNFT�BU�

UIF� DPODMVTJPO� PG� TFDPOEBSZ� ESZJOH�� *U� XBT� UIVT� VODMFBS� FYBDUMZ� XIJDI� TBNQMF� BHF�

TIPVME�CF�VTFE�GPS�DBMJCSBUJPO�PG�UIF�/*3�NPEFMT��"T�B�DPNQSPNJTF
�UIF�TBNQMFT�XFSF�

TVCKFDUFE�UP�/*3�NFBTVSFNFOU����IPVST�BGUFS�SFNPWBM��

*O�TQJUF�PG�UIJT
�TVCTFRVFOU�/*3"�NFBTVSFNFOUT�TIPXFE�TFWFSF�GMVDUVBUJPOT
�TJODF�UIF�

MZPQIJMJ[BUJPO� DZDMFT� DPVME� OPU� CF� BEFRVBUFMZ� SFQSPEVDFE� JO� UIF� FYQFSJNFOUBM� TZTUFN�

BOE�UIF�JOUSBWJBM�EJTUSJCVUJPO�FGGFDUT�XFSF�QBSUJDVMBSMZ�NBSLFE�JO�UIF�GJSTU�GFX�IPVST��5IF�

DBMJCSBUJPO�UIFSFGPSF�SFRVJSFE�UISFF�1$T�	'JHVSF�$���
��

�

Figure C-17: Model overview based exclusively on samples from the research batches. 
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Figure C-18: The model with only fresh samples from the research batches still gave poor 

prediction results of the challenge set. 

"MTP�JO�UIJT�DBTF�UIF�TDBUUFS�PG�UIF�FYUFSOBMMZ�QSFEJDUFE�WBMVFT�XBT�GBS�UPP�XJEF�	'JHVSF�

$���
�� 0ODF� BHBJO
� TMPQF� BOE� PGGTFU� EJE� OPU� ZJFME� VTFGVM� SFTVMUT�� *O� BEEJUJPO
� UIJT�

QSPDFEVSF�JOWPMWFE�B�EJTQSPQPSUJPOBUFMZ�MBSHF�BNPVOU�PG�FGGPSU
�TJODF�UIF�MZPQIJMJ[BUJPO�

DZDMFT�UPPL�TFWFSBM�EBZT�BOE�JO�TPNF�DBTFT�UIFSF�XBT�B�OFFE�GPS�VOMPBEJOH�BU�OJHIU��

$�������$PODMVTJPOT�
*OBEFRVBUF� WJBM� TFBMJOH� PS� QPMZNPSQIJTN� DPVME� CF� SVMFE� PVU� BT� UIF� DBVTF� PG� UIF�

JODSFBTJOH�QSFEJDUJPO� SFTVMUT�� *OTUFBE
� JU�XBT�DPODMVEFE� UIBU� UIF� SJTF� JO�XBUFS�DPOUFOU�

SFTVMUFE�GSPN�NPJTUVSF�SFEJTUSJCVUJPO�XJUIJO�UIF�MZPQIJMJ[FE�DBLF��

"MUFSOBUJWF�DBMJCSBUJPO�QSPDFEVSFT�BOE�DBMJCSBUJPO�TFUT�EJE�OPU�FMJNJOBUF�UIF�QSPCMFN�PG�

JOTVGGJDJFOU�BDDVSBDZ�JO�UIF�QSFEJDUJPO�SFTVMUT��)PXFWFS
�BT�NPJTUVSF�SFEJTUSJCVUJPO�XBT�

B� SFQSPEVDJCMF� QIFOPNFOPO� UIBU� PDDVSSFE� JO� B� TJNJMBS� NBOOFS� JO� TFWFSBM� EJGGFSFOU�

TBNQMFT
� JU� TIPVME� CF� QPTTJCMF� UP� BMMPX� GPS� JU� CZ� VTJOH� B� DPSSFDUJPO� GBDUPS� CBTFE� PO�

TBNQMF� BHF�� 8F� UIFSFGPSF� VMUJNBUFMZ� EFDJEFE� UP� VTF� POMZ� FRVJMJCSBUFE� TBNQMFT� GPS�

DBMJCSBUJPO� QVSQPTFT� BOE� UP� WBMJEBUF� UIF� NFUIPE� CBTFE� PO� DPOEJUJPOT� FODPVOUFSFE�
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NPTU� GSFRVFOUMZ� JO� QSPEVDUJPO�� "O� BMUFSOBUJWF� XPVME� CF� UP� MPXFS� UIF� BDDFQUBODF�

DSJUFSJPO� PG� �� �� BDDPSEJOHMZ
� BOE� UIVT� QSFWFOU� UIF� SFMFBTF� PG� 004� WJBMT�� 5IBU� DPVME�

JODSFBTF� UIF� SFKFDUJPO� SBUF
� CVU� UIJT� XPVME� OPU� CF� TJHOJGJDBOU
� TJODF� 1SPEVDU� "� JT� UIF�

MFBTU�FYQFOTJWF�QSPEVDU
�BOE�CPSEFSMJOF�WJBMT�XPVME�QSFTVNBCMZ�CF�RVJUF�SBSF��
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�
�,POTUBOULMJNBUF�ÅCFS�X®TTSJHFO�-¿TVOHFO
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�#FVUI�7FSMBH�(NC)
�#FSMJO
�������
�1IPUPHSBQI�GSPN�UIF�.FUSPIN�IPNFQBHF
�.FUSPIN�"(
�)FSJTBV
�4XJU[FSMBOE�

� �3FZ�-�
�4PNF�-FBEJOH�&EHF�1SPTQFDUT�JO�-ZPQIJMJ[BUJPO
�,FZOPUF�"EESFTT�GSPN������-ZPQIJMJ[BUJPO�

$POGFSFODF
������

� �1JLBM�.��+�
�4IBI�4�
�*OUSBWJBM�%JTUSJCVUJPO�PG�.PJTUVSF�%VSJOH�UIF�4FDPOEBSZ�%SZJOH�4UBHF�PG�'SFF[F�

%SZJOH
�14*/$&�KPVSOBM�PG�1IBSNBDFVUJDBM�4DJFODF���5FDIOPMPHZ
�7PM����
�/P���
������



$IBQUFS�$��&YQFSJNFOUBM�1BSU�

�����
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5IFTF�EBZT
�FRVJQNFOU�WFOEPST�BSF�NPSF�BOE�NPSF�BDRVBJOUFE�XJUI�UIF�OFFET�PG�UIFJS�

QIBSNBDFVUJDBM�DMJFOUT�BOE�BJN�UP�QSPWJEF�B�DPNQMFUF�TPMVUJPO��"�TUBOEBSE�BHSFFNFOU�

XJUI� B� SFQVUBCMF� WFOEPS� XJMM� JODMVEF� UIF� DPTU� PG� UIF� FRVJQNFOU
� NBOVBMT
� USBJOJOH
�

JOTUBMMBUJPO� BOE� PQFSBUJPOBM� RVBMJGJDBUJPO� 	*2� �� 02
� QBDLBHF
� GPMMPX� VQ� USBJOJOH� BOE�

DPOTVMUBODZ� DPNQSJTJOH� DBMJCSBUJPO
� BGUFS� TBMFT� TFSWJDF� BOE� XBSSBOUZ�� 6TVBMMZ� UIF�

EFWJDFT� BSF� BVUPNBUJDBMMZ� EFMJWFSFE� XJUI� TQFDJGJD� BOE� OPU� FYDIBOHFBCMF� TPGUXBSF�

PGGFSJOH� FTQFDJBMMZ� BEBQUFE� UPPMT� PS� MJNJUFE� DBMJCSBUJPO� PQUJPOT�� 5IF� TVN� PG� QIZTJDBM�

QBUUFSOT�PG�UIF�TQFDUSPNFUFS�BOE�UIF�TPGUXBSF�EFTJHO�FOET�VQ�JO�UIF�QFSGPSNBODF�PG�B�

TQFDUSBM�EFWJDF��

5IF�TDPQF�XBT�UP�SFGMFDU�FJUIFS�UIF�QIZTJDBM�TQFDUSPTDPQJD�PS�UIF�TPGUXBSF�QFSGPSNBODF�

TFQBSBUFMZ� BOE� BGUFSXBSET� CPUI� JO� BEEJUJPO� GPS� UIF� EFDJTJPO� NBLJOH� PG� BO� BOBMZUJDBM�

EFWJDF�JO�UIJT�JO�MJOF�BQQMJDBUJPO��

$����� 1SFTFMFDUJPO�PG�TQFDUSPNFUFST�

)FSF�B�SVHHFE�BOBMZUJDBM�EFWJDF�BCMF�UP�DPQF�XJUI�SPVHI�FOWJSPONFOUBM�DPOEJUJPOT�XBT�

SFRVJSFE��5IF�TFWFSFTU�DIBMMFOHF�GPS�UIF�DPNNFSDJBMMZ�BWBJMBCMF�/*3�TQFDUSPNFUFST�XBT�

UIF�NFBTVSJOH� WFMPDJUZ� PG� ���� TBNQMFT� QFS�NJOVUF�� 5IVT
� MFTT� UIBO� ����NJMMJTFDPOET�

XPVME� CF� BWBJMBCMF� QFS� NFBTVSFNFOU�� #FJOH� BXBSF� UIBU� JU� XPVME� GPMMPX� VQ� XJUI� B�

DPNQSPNJTF�CFUXFFO�TQFFE�BOE�BDDVSBDZ�EJPEF�BSSBZ�EFWJDFT�XFSF�FYDMVEFE�GSPN�UIF�

CFHJOOJOH�BT�CFJOH�LOPXO�GPS�IBWJOH�B�MPX�SFTPMVUJPO�BOE�MPX�TFOTJUJWJUZ
�FTQFDJBMMZ�BU�

UIF�CPSEFST�PG�UIF�XBWFMFOHUI�TDBMF��

"T�NPTU�PG�UIF�WFOEPST�GSPN�UIF�CFHJOOJOH�SFGVTFE�UP�GBDF�UIJT�DIBMMFOHF�JO�UIJT�TUVEZ�

POMZ� UXP� TQFDUSPNFUFST� XFSF� DPOTJEFSFE�� 0O� POF� IBOE� B� #PNFN� .#���� '5�

TQFDUSPNFUFS�	BCCS��BT�'5
�XJUI���N�HMBTT�GJCFS�BOE�EJGGVTF�SFGMFDUBODF�QSPCF��"�TBNQMF�

UP�QSPCF�EJTUBODF�PG���NN�IBE�UP�CF�SFTQFDUFE��"T�JOUFSGFSPNFUFST�BMXBZT�SFRVJSF�BO�

FOUJSF� NPWFNFOU� PG� UIF� NJSSPS� UP� BDDPNQMJTI� B� TDBO� BOE� TVQQMFNFOUBSZ� POMZ� TUBSU�

TDBOOJOH�XIFO� UIF�NJSSPS� JT� JO�B� [FSP�QPTJUJPO
� UXP�PG� UIFTF�TQFDUSPNFUFST�XPVME�CF�

OFDFTTBSZ� UP�BDIJFWF� UIF� MJOF�T�QFSGPSNBODF�� *U�XBT� DPNQBSFE�XJUI�B�#SJNSPTF�"05'�

-VNJOBS� 'SFFTQBDF� ����� 	BCCS�� BT� "05'
� XJUI� B� TBNQMJOH� BSFB� PG� ���� Y� ���� NN�� *UT�
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UFDIOJRVF�BMMPXT�UIF�BDRVJTJUJPO�PG�SPVHIMZ���
����BSCJUSBSJMZ�BDDFTTJCMF�EBUB�QPJOUT�QFS�

TFDPOE
� TVGGJDJFOU� GPS� GJWF� TBNQMFT� B� TFDPOE�� "MM� UIF�NFBTVSFNFOUT� XJUI� UIJT� EFWJDF�

XFSF�QFSGPSNFE�XJUI�TBNQMFT�QPTFE�PO�B�TVQQPSU����NN�GSPN�UIF�TFOTPS�XJOEPX��5IF�

HSBUJOH�MBCPSBUPSZ�'044�3BQJE�$POUFOU�"OBMZ[FS�	BCCS��BT�3&'
�XJUI�MFBE�TVMGJEF�	1C4
�

EFUFDUPS�TFSWFE�BT�MBCPSBUPSZ�SFGFSFODF��

�
'044�
3BQJE�$POUFOU�
"OBMZ[FS�

"##�#PNFN�
.#����
�

#SJNSPTF�
-VNJOBS�
'SFFTQBDF������

4QFDUSPNFUFS�
UFDIOJRVF�

(SBUJOH� '5� "05'�

8BWFMFOHUI�TDBMF� �
�������
����ON� ��
�������
����DN � � � �
�������
����ON�

3FTPMVUJPO�� �������ON� ��o�����DN � � � ��o����ON�

8BWFMFOHUI�
BDDVSBDZ��

±�����ON� �����DN � � ��
BU������DN � � �

±�����ON�

8BWFMFOHUI�
SFQFBUBCJMJUZ�

�������ON� ������DN � � �	±��σ
� ±������ON�

/PO�MJOFBSJUZ� ±����� ������ ������

4���/�SBUJP� �����µBCT� ��µBCT�
GPS���NJO�EBUB�

BDRVJTJUJPO�

���µBCT�
GPS���T�EBUB�
BDRVJTJUJPO�

Table C-7: Instrument specifications according to their manuals. The S / N-ratio was 

determined by deploying an external Spectralon diffuse reflectance standard. 

5IF�IJHIFS� TFOTJUJWJUZ�PG� UIF� JOEJVN�HBMMJVN�BSTFOJEF� 	*O(B"T
�EFUFDUPST
� SFRVJSFE� GPS�

IJHI� TQFFE� NFBTVSFNFOUT� BOE� MPX� MJHIU� JOUFOTJUJFT
� IBT� B� OFHBUJWF� JNQBDU� PO� UIF�

XBWFMFOHUI�SBOHF��5IVT�JO�UIJT�DPNQBSJTPO�POMZ�B�MJNJUFE�TDBMF�GSPN��
����UP��
����ON�

XBT�VTFE�JO�DBTF�PG�UIF�'5�BOE�UIF�"05'�EFWJDF��

8IFSFBT� EJTQFSTJWF� JOTUSVNFOUT� VTVBMMZ� XPSL� PO�XBWFMFOHUI� VOJUT
� '5� TQFDUSPNFUFST�

EFQMPZ� XBWFOVNCFST�� 5IFTF� NFBTVSJOH� VOJUT� BSF� OPU� MJOFBSMZ� USBOTGFSBCMF� TP� UIBU�

XBWFOVNCFST�BSF�DPSSFTQPOEJOH� UP� UIF� SFDJQSPDBM� WBMVF� JO�OBOPNFUFST�� 5IJT�EFOPUFT�

UIBU
� JO� DPNQBSJTPO� UP� UIF� XBWFMFOHUI� TDBMF
� SFTPMVUJPO� BEKVTUFE� JO� XBWFOVNCFST�

EFDSFBTFT� JO� UIF�NPSF� TJHOJGJDBOU� BSFB� PG� UIF� TQFDUSVN� CVU� JT� WFSZ� IJHI� JO� UIF� BSFB�

XJUIPVU� BOZ� VTFGVM� JOGPSNBUJPO�� 'PS� UIF� TBNF� SFBTPO� POF� NBZ� GJOE� UIF� '5� TQFDUSB�

BMXBZT�JO�B�TFQBSBUF�QMPU��*O�TPNF�DBTFT�UIFZ�IBE�UP�CF�NBUIFNBUJDBMMZ�DPOWFSUFE��
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$����� "TTFTTNFOU�QBSBNFUFST�

5IF� GJSTU� DPNQBSJTPO� JT�PSJFOUFE�PO� UIF�&VSPQFBO�1IBSNBDPQPFJB�T� SFDPNNFOEBUJPOT�

UP�TVSWFZ� SFHVMBSMZ� UIF�QIPUPNFUSJD�QFSGPSNBODF�PG�/*3� JOTUSVNFOUBUJPO��5IF�641���
�

PGGFST� BO� BMUFSOBUJWF�EFTDSJQUJPO� SFDPNNFOEJOH� UIF�VTF� PG� MPX� SFGMFDUBODF� TUBOEBSET�

GPS�UIF�EFUFSNJOBUJPO�PG�TQFDUSBM�OPJTF�MFWFMT�
�
�

5IF� TFDPOE� BQQSPBDI� JT� CBTFE� PO� B� QSBDUJDBM� BQQMJDBUJPO� BT� UIF� DIPJDF� PG� BO�

JOTUSVNFOU�TIPVME�OPU�CF�CBTFE�PO�B�UIFPSFUJDBM�DMBTTJGJDBUJPO�GJHVSF��5IVT
�1-4�NPEFMT�

XFSF� DPNQVUFE� JO� UXP� EJGGFSFOU� TFUUJOHT� UP� QSFEJDU� UIF� XBUFS� DPOUFOU� PG��

1SPEVDU�"����NH��

'JSTUMZ
� UIF� TQFDUSBM� JOGPSNBUJPO� PG� BMM� UIF� TQFDUSPNFUFST� XBT� DPNQVUFE� POMZ� PO� UIF�

6OTDSBNCMFS�BOE�UIF�SFTVMUT�XFSF�DPNQBSFE��5IJT�QSPDFEVSF�TIPVME�IFMQ�UP�BTTFTT�UIF�

RVBMJUZ�PG�UIF�BDRVJSFE�TQFDUSB�POMZ
�FYDMVEJOH�UIF�JNQBDU�PG� UIF�TPGUXBSF�EJGGFSFODFT��

4FDPOEMZ
� UIF� FOUJSF� DPNQVUBUJPO�XBT� QFSGPSNFE�PO� UIF� TQFDJGJD� BTTFNCMZ
� JODMVEJOH�

TQFDUSPNFUFS�BOE�TPGUXBSF��5IJT�SFQSFTFOUFE�B�SFBM�MJGF�TJUVBUJPO��

$����� "TTFTTNFOU�PSJFOUFE�PO�UIF�&VSPQFBO�1IBSNBDPQPFJB�

5IF�DPOUSPM�PG�JOTUSVNFOU�QFSGPSNBODF�PG�UIF�&VSPQFBO�1IBSNBDPQPFJB�QSFTDSJCFE�GPS�

SFHVMBS�WFSJGJDBUJPOT�XBT�VTFE�BT�B�DPNQBSJTPO�DSJUFSJPO�
�
�

�
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Figure C-19: The plots of the rare earth spectra each with three repetitions a) REF 

spectrometer (1,200 - 2,150 nm) in maximal resolution of 2 nm, b) AOTF maximal resolution 

of 1 nm and c) FT with a resolution of 4 cm-1. 
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$�������7FSJGJDBUJPO�PG�UIF�XBWFMFOHUI�TDBMF�BOE�UIF�XBWFMFOHUI�SFQFBUBCJMJUZ�

5IF�GJSTU�UXP�DPNQBSJTPO�DSJUFSJB��WFSJGJDBUJPO�PG�UIF�XBWFMFOHUI�TDBMF��BOE��WFSJGJDBUJPO�

PG� UIF� SFQFBUBCJMJUZ� 	FYDFQU� GPS� GJMUFS� BQQBSBUVT
�� VTJOH� TVJUBCMF�XBWFMFOHUI� TUBOEBSET�

XJUI� DIBSBDUFSJTUJD� NBYJNB
� GPS� FYBNQMF� QPMZTUZSFOF� PS� SBSF�FBSUI� PYJEFT
� XFSF�

TVNNBSJ[FE��5IF�XBWFMFOHUI�SFQFBUBCJMJUZ�JT�WFSJGJFE�CZ�UIF�TUBOEBSE�EFWJBUJPO�	4%
�PG�

UIF�XBWFMFOHUIT�CFJOH�DPOTJTUFOU�XJUI�UIF�TQFDUSPQIPUPNFUFS�T�TQFDJGJDBUJPO�
�
�

¾ 1SPDFEVSF�

"MXBZT� UIF� TBNF�/*45� USBDFBCMF� SBSF� FBSUI� EZTQSPTJVN� PYJEF�XBWFMFOHUI� DBMJCSBUJPO�

TUBOEBSE� XBT� EFQMPZFE�� 5ISFF� NFBTVSFNFOUT� XJUI� UIF� IJHIFTU� BWBJMBCMF� SFTPMVUJPO�

XFSF�QFSGPSNFE�BOE�BWFSBHFE�GPS�TVDDFTTJWF�DBMDVMBUJPOT��"�WJTVBM�DPNQBSJTPO�PG�UIF�

UXP� SBSF�FBSUI�QMPUT� JMMVTUSBUFE� UIF� MPXFTU� SFTPMVUJPO�BOE�TJHOBM� JOUFOTJUZ�PG� UIF�"05'�

XIFSFBT� UIF�'5�EFUFDUFE� UIF�TIBSQFTU�CBOET�QSPWJOH�B�IJHI�SFTPMVUJPO��5IF�QFBLT�BU�

�
����BOE��
����ON�EJE�OPU�BQQFBS� JO� UIF�TQFDUSB�PG� UIF�PUIFS�EFWJDFT��)PXFWFS
� UIF�

QFBLT�BU��
����BOE��
����ON�XFSF�FWFO�OPU�HJWFO�JO�UIF�DBMJCSBUJPO�DFSUJGJDBUF�XIJMF�UIF�

�
����ON�NBYJNVN�DPOTJTUFE�POMZ�PVU�PG�POF�TIBSQ�BQFY�BOE�OPU�B�DPVQMF�PG�TQJLFT��

¾ 3FTVMUT�BOE�EJTDVTTJPO�

&BDI�PG�UIF�TQFDUSPNFUFST�EFUFDUFE�BMXBZT�UIF�TBNF�XBWFMFOHUIT�CZ�TDBOOJOH�UIF�SBSF�

FBSUI� TUBOEBSE� B� DPVQMF� PG� UJNFT
� POMZ� TJHOBM� JOUFOTJUZ� WBSJFE� TMJHIUMZ�� 5IF� BEKVTUBCMF�

SFTPMVUJPO�XBT� OPU� IJHI� FOPVHI� UP� WFSJGZ� UIF� TQFDUSPNFUFS� TQFDJGJDBUJPOT� JO� UFSNT� PG�

XBWFMFOHUI�SFQFBUBCJMJUZ��

3FNBSLBCMF�XBT�UIF�DIBOHF�GSPN�OFHBUJWF�UP�QPTJUJWF�EFWJBUJPO�PG�UIF�"05'
�XIJMF�UIF�

FOUJSF�XBWFMFOHUI� TDBMF� PG� UIF�PUIFS� UXP� TQFDUSPNFUFST�XBT� TIJGUFE� UP� VQQFS� WBMVFT��

5IF� TUBOEBSE� EFWJBUJPOT� PG� UIF� NBYJNB� PG� UIF� EFUFDUFE� SBSF� FBSUI� TQFDUSB� WBSZJOH�

CFUXFFO� ����� BOE� ����
� EJE� OPU� JOEJDBUF� BOZ� TFWFSF� RVBMJUZ� JTTVF� BT� UIF� XBWFMFOHUI�

JOUFSDFQU�XBT�UPP�MPX�BOE�UIF�TUBOEBSE�XBT�DFSUJGJFE�XJUI�BO�BDDVSBDZ�PG�±�����ON�JO�

UIF� SBOHF� PG� ���� UP� �
���� ON�� '044� QVCMJTIFE� UIF� MPXFTU� SFRVJSFNFOUT� CVU�NFU� UIF�

CFTU�SFTVMUT��/FJUIFS�UIF�'5�OPS�UIF�"05'�NFU�UIF�IJHI�MFWFM�PG�UIFJS�PXO�TQFDJGJDBUJPOT��

�
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������ 4%�
"DDPSEJOH�
DFSUJGJDBUF�� 3FMBUJWF�JOUFOTJUZ� ������ ������ ������ ������ �

'044�/*34ZTUFNT�
3BQJE�$POUFOU�"OBMZ[FS�
3FT����ON�
8BWFMFOHUI�<ON>� �
������ �
������ �
������ �
������

�

%FWJBUJPO� ������ ������ ������ ������ �����

3FMBUJWF�*OUFOTJUZ� ������ ������ ������ ������ �

#SJNSPTF�
-VNJOBS�'SFFTQBDF�"05'�
3FT����ON�
8BWFMFOHUI�<ON>� �
������ �
������ �
������ �
������

�

%FWJBUJPO� ������ ������ ������ ������ �����

3FMBUJWF�*OUFOTJUZ� ������ ������ ������ ������ �

"##�#PNFN��
.#����
3FT����DN � � �
8BWFMFOHUI�<ON>� �
������ �
������ �
������ �
������

�

%FWJBUJPO� ������ ������ ������ ������ �����

3FMBUJWF�*OUFOTJUZ� ������ ������ ������ ������ �

Table C-8: Maxima of the three rare earth plots and their deviation from the Labsphere 

certificate. 

$�������7FSJGJDBUJPO�PG�SFTQPOTF�SFQFBUBCJMJUZ�
5IF��SFTQPOTF�SFQFBUBCJMJUZ��TIPVME�CF�WFSJGJFE�CZ�VTJOH�TVJUBCMF�TUBOEBSET
�GPS�FYBNQMF�

SFGMFDUJWF� UIFSNPQMBTUJD� SFTJOT� EPQFE� XJUI� DBSCPO� CMBDL�� 5IF� 4%� PG� UIF� NBYJNB�

SFTQPOTF�TIPVME�CF�DPOTJTUFOU�XJUI�UIF�TQFDUSPQIPUPNFUFS�TQFDJGJDBUJPO�
�
�

¾ 1SPDFEVSF�

4QFDUSB�PG�UISFF�EJGGFSFOU�SFGMFDUBODF�TUBOEBSET�	����
�����
�����
�XFSF�UBLFO�PO�FBDI�

POF�PG�UIF�UFTU�JOTUSVNFOUT��3FHBSEJOH�UIF�PCUBJOFE�TQFDUSB�PG�UIF�TBNF������TUBOEBSE�

UIF� NBYJNVN� SFTQPOTF� BSFB� XBT� EJGGJDVMU� UP� EFUFSNJOF� BOE� GVSUIFSNPSF� UIF�

BQQFBSBODF� PG� UIF� TQFDUSB� XBT� FYUSFNFMZ� EJGGFSFOU� 	'JHVSF� $���
�� *OTUFBE
� UIF� NPTU�

JNQPSUBOU�BSFB�GPS�XBUFS�BOBMZTJT� GSPN��
���� UP��
����ON�XBT�DIPTFO�UP�FWBMVBUF�UIF�

SFTQPOTF� SFQFBUBCJMJUZ�� 5ISFF� TVDDFTTJWF�NFBTVSFNFOUT�XFSF� DBSSJFE� PVU� BOE� UIF� 4%�

GPS� FBDI� XBWFMFOHUI� XBT� DBMDVMBUFE�� "HBJO� UIF� 4%� PG� UIFTF� SFTVMUT� XBT� DPNQVUFE�

	5BCMF�$��
��

�
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Figure C-20: Photometric response repeatability of three sequenced measurements of a  

10 % reflective standard against the 99 % reflectance standard, a) REF (2 nm, 32 scans),  

b) FT (4 cm-1, 20 scans) c) AOTF (2 nm, 20 scans). 
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3FTQ��3FQFBU��
������������ON�

4%�
PG������3FGM��

4%�
PG������3FGM��

4%�
PG������3FGM��

'044� ����&���� ����&���� ����&����

#SJNSPTF� ����&���� ����&���� ����&����

#PNFN� ����&���� ����&���� ����&����

Table C-9: Standard Deviation of response intensities. 

¾ 3FTVMUT�BOE�EJTDVTTJPO�

5IF� BQQFBSBODF� PG� UIF� BCTPSCBODF� TQFDUSB� PG� UIF� TBNF� SFGFSFODF� XBT� DPNQMFUFMZ�

EJGGFSFOU�GSPN�POF�JOTUSVNFOU�UP�UIF�PUIFS��*O�DPOUSBTU�UP�UIF�3&'�BOE�UIF�"05'
�UIF�'5�

TQFDUSVN�XBT�BTDFOEJOH�JOTUFBE�PG�EFTDFOEJOH��

5IF�IJHIFS�UIF�FOFSHZ�BCTPSQUJPO�UIF�NPSF�JODSFBTFT�UIF�OPJTF�MFWFM�BOE�UIF�SFTQPOTF�

SFQFBUBCJMJUZ� EFDSFBTFT�� 5IF� WBSJBUJPO� PG� UIF� JOEJWJEVBM�NFBTVSFNFOUT� XBT� MBSHF� BOE�

UIF� TQFDUSB� XFSF� EJGGJDVMU� UP� SFQSPEVDF�� 5IF� '5� IBE� OPOFUIFMFTT� CZ� GBS� UIF� XPSTU�

SFQFBUBCJMJUZ
�GPMMPXFE�CZ�UIF�"05'�EJGGFSJOH�TUJMM�JO�EFDJNBM�QPXFST�GSPN�UIF�MBCPSBUPSZ�

TQFDUSPNFUFS��

$�������7FSJGJDBUJPO�PG�QIPUPNFUSJD�OPJTF�

5IF� �QIPUPNFUSJD� OPJTF�� JT� EFUFSNJOFE� CZ� VTJOH� B� TVJUBCMF� SFGMFDUBODF� TUBOEBSE
� GPS�

FYBNQMF�XIJUF�SFGMFDUJWF�DFSBNJD�UJMFT�PS�SFGMFDUJWF�UIFSNPQMBTUJD�SFTJOT��5IF�TUBOEBSET�

TIPVME� CF� TDBOOFE� JO� BDDPSEBODF� XJUI� UIF� NBOVGBDUVSFSkT� SFDPNNFOEBUJPO� BOE�

DBMDVMBUF�UIF�QIPUPNFUSJD�OPJTF
�FJUIFS�QFBL�UP�QFBL
�PS�GPS�B�HJWFO�XBWFMFOHUI��*O�UIF�

MBUUFS� DBTF
� UIF� QIPUPNFUSJD� OPJTF� JT� SFQSFTFOUFE� CZ� UIF� 4%� PG� UIF� SFTQPOTFT�� 5IF�

QIPUPNFUSJD�OPJTF�TIPVME�CF�DPOTJTUFOU�XJUI�UIF�TQFDUSPQIPUPNFUFS�TQFDJGJDBUJPO�
�
�

5IF� JOTUSVNFOU� OPJTF� JT� FWBMVBUFE� BU� IJHI�MJHIU� GMVY� CZ�NFBTVSJOH� SFGMFDUBODF� PG� UIF�

SFGFSFODF�TUBOEBSE
�UIF�SFGFSFODF�TUBOEBSE�BDUJOH�BT�UIF�TBNQMF�BOE�UIF�CBDLHSPVOE�

SFGFSFODF�� *O� B� TJNJMBS� QSPDFEVSF
� OPJTF� NFBTVSFNFOUT� XJUI� B� MPXFS�SFGMFDUJWJUZ�

SFGFSFODF� NBUFSJBM
� B� ��� �� PS� MFTT� SFGMFDUBODF� TUBOEBSE� CFJOH� SFDPNNFOEFE
� BSF�

PCUBJOFE�UP�EFUFSNJOF�TZTUFN�PVUQVU�BU�SFEVDFE�MJHIU�GMVY��*O�QSBDUJDF�UIJT�PDDVST�XIFO�

B� IJHIMZ� BCTPSCJOH� PS� WFSZ� MPX� SFGMFDUBODF� TBNQMF� JT� NFBTVSFE�� 5IF� TPVSDF
� PQUJDT
�

EFUFDUPS
� BOE� FMFDUSPOJDT� NBLF� TJHOJGJDBOU� DPOUSJCVUJPOT� UP� UIF� OPJTF� VOEFS� UIFTF�

DPOEJUJPOT�
�
�
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¾ 1SPDFEVSF�

*U� JT�PGUFO�TUBUFE� UIBU�'5� JOTUSVNFOUT�FYQFSJFODF� UIF�XPSTU�OPJTF� MFWFMT�BU� UIF�TIPSUFS�

XBWFMFOHUIT��"NPOH�PUIFS�SFBTPOT
�UIJT�NBZ�CF�EVF�UP�QPTJUJPOJOH�FSSPST�PS�VOXBOUFE�

MBUFSBM� NPWFNFOUT� PG� UIF�NJSSPS� CFJOH� BNQMJGJFE� CZ� UIF� TIPSUFS� XBWFMFOHUIT�� "U� UIF�

XBWFMFOHUIT� OFBS� UIF� EJTUBODF� PG� BOZ� QPUFOUJBM� USBDLJOH� FSSPS
� UIF� OPJTF� CFDPNFT�

FYBDFSCBUFE��%JTQFSTJWF�UZQF�NPOPDISPNBUPST�UFOE�UP�FYIJCJU�JODSFBTFE�OPJTF�BU�MPOHFS�

XBWFMFOHUIT��5IJT�JT�XIFSF�UIF�1C4�EFUFDUPS�CFHJOT�UP�MPPTF�TFOTJUJWJUZ
�GJMBNFOU�MBNQT�

MPPTF�FOFSHZ
�BOE�GJCFS�PQUJD�BUUFOVBUJPO�JODSFBTFT� � �

5P�CF� GBJS� JO�OPJTF�BTTFTTNFOU�BOE� UP�CBMBODF� UIF�EJGGFSJOH�EFUFDUPS� TFOTJUJWJUJFT
� UIF�

OPJTF�PG�UIF�CFTU������PG�UIF�BDRVJSFE�TQFDUSB
�SFTQFDUJWFMZ�CFUXFFO��
����o��
����ON
�

XFSF�DBMDVMBUFE�TFQBSBUFMZ��

5IF�3&'�TQFDUSPNFUFS�XBT�TFU�UP�UIF�EFGBVMU�DPOGJHVSBUJPO�	��ON�SFTPMVUJPO
����TDBOT

�

XIJMF� UIF� UFTU� TQFDUSPNFUFST� SBO� PO� UIF� TBNF� SBUF� PG� ��� TDBOT� QFS� TQFDUSB�� 5IFTF�

DPOGJHVSBUJPOT� EJE� OPU� DPSSFTQPOE� UP� UIF�NBOVGBDUVSFS�T� TQFDJGJDBUJPOT� UP� EFUFDU� UIF�

BCPWF�NFOUJPOFE�4���/�SBUJP
�CVU�NBZ� SFQSFTFOU�B�QSPCBCMF� MBCPSBUPSZ�VTF��"U�B� UJNF�

UXP�OPJTF�TDBOT�XFSF�BWFSBHFE��5IF�JOUFOTJUZ�TDBMFT�PG�UIF�GPMMPXJOH�QMPUT�XFSF�WBSZJOH�

TFSJPVTMZ��

¾ 3FTVMUT�BOE�EJTDVTTJPO�

"MSFBEZ�B�QFBL�UP�QFBL�OPJTF�DPNQBSJTPO�DPVME�CF�DBSSJFE�PVU�CZ�WJTVBM�JOTQFDUJPO�PG�

UIF�PWFSMBJE�QMPUT�	'JHVSF�$���
��1SFGFSBCMZ
�B�NPSF�UIPSPVHI�BOBMZTJT�XBT�QFSGPSNFE�CZ�

UBCVMBUJOH�UIF�4%�OPJTF�MFWFM�PWFS�UIF�TQFDUSBM�TFHNFOU��

� 8BWFMFOHUI�SBOHF� /PJTF��� /PJTF��� "WFSBHF�

'044� 4%��
�������
����ON� ����&���� ����&���� ����&����

� 4%�PWFSBMM� ����&���� ����&���� ����&����

#SJNSPTF� 4%��
�������
����ON� ����&���� ����&���� ����&����

� 4%�PWFSBMM� ����&���� ����&���� ����&����

#PNFN� 4%��
�������
����ON� ����&���� ����&���� ����&����

� 4%�PWFSBMM� ����&���� ����&���� ����&����

Table C-10: Comparison of the photometric noise. 
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6TJOH� MPXFS� SFGMFDUBODF� TUBOEBSET� MJLF� B� ����� DBSCPO� CMBDL� MFE� UP� BCPVU� GJWF� UJNFT�

IJHIFS�OPJTF�MFWFMT�XIFSFBT�UIF�SFMBUJPO�CFUXFFO�UIF�EJGGFSFOU�TQFDUSPNFUFST�SFNBJOFE�

UIF�TBNF��"DDPSEJOHMZ�UIF�SFTVMUT�PG�UIFTF�NFBTVSFNFOUT�XFSF�OPU�TIPXO��

/PJTF� MFWFMT�BSF�WFSZ� MPX�WBMVFT�BOE�DBO�FBTJMZ�CF� JOGMVFODFE�CZ�TVSSPVOEJOH�FGGFDUT��

$POTFDVUJWF� NFBTVSFNFOUT� WBSJFE� BMSFBEZ
� CVU� NFBTVSFNFOUT� PO� EJGGFSFOU� EBZT�

BOZXBZ�� 5IVT� UIJT� JOWFTUJHBUJPO� TIPVME� CF� DPOTJEFSFE� BT� B� QSBDUJDBM� BQQSPBDI� UP�

FWBMVBUF�UIF�JOGMVFODF�PG�OPJTF�JO�SFBM�BDRVJTJUJPO�DPOEJUJPOT��

5IF� NBHOJUVEFT� IBE� NPSF� FYQSFTTJWFOFTT� UIBO� UIF� BCTPMVUF� WBMVFT� UP� FTUJNBUF� UIF�

TQFDJGJD�SFTVMUT��5IF�MPXFTU�BOE�UIFSFCZ�CFTU�OPJTF�MFWFM�XBT
�BT�JU�TIPVME�CF�FYQFDUFE
�

BDIJFWFE� CZ� UIF� 3&'� TQFDUSPNFUFS�� "05'� MFE� UP� BMNPTU� UFO� UJNFT� XPSTF� SFTVMUT
�

XIFSFBT�UIF�'5�T�OPJTF�MFWFM�JT�BHBJO�UXP�UJNFT�XPSTF�UIBO�UIF�"05'��"MTP�UIF�WBSJBUJPO�

CFUXFFO�UXP�DPOTFDVUJWF�NFBTVSFNFOUT�XBT�UIF�IJHIFTU�JO�DBTF�PG�UIF�'5��

�
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Figure C-21: Each plot with two noise spectra, successively scanned and then superposed: 

a) REF increased noise level at higher wavelengths, b) FT higher noise levels at short 

wavelengths, c) AOTF with obviously the lowest resolution. 
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$����� $PNQBSJTPO�PG�NPEFM�QFSGPSNBODF�

'PS�UIF�OFYU�DPNQBSJTPO�FYQFSJNFOUT�B�TFU�PG����MZPQIJMJ[FE�TBNQMFT�1SPEVDU�"����NH�

FYDFQU�PG�PVUMJFST�XBT�DPNQPTFE��4PNF�PG� UIFN�XFSF�DPOEJUJPOFE�UP�DPWFS�B�CSPBEFS�

DBMJCSBUJPO�SBOHF��"DDPSEJOH�UP�UIF�UBCMF�CFMPX����TBNQMFT�	������������XBUFS�DPOUFOU
�

XFSF� DIPTFO� BT� DBMJCSBUJPO� TFU� BOE� ��� 	���� �� ���� �� XBUFS� DPOUFOU
� BT� JOEFQFOEFOU�

WBMJEBUJPO�TFU
�SFTQFDUJOH�B�IPNPHFOPVT�EJTUSJCVUJPO�PWFS�UIF�FOUJSF�DBMJCSBUJPO�SBOHF��

"MM�PG�UIFN�XFSF�TDBOOFE�PO�FBDI�PG�UIF�TQFDUSPNFUFST�BOE�BGUFSXBSET�UJUSBUFE�CZ�,'�

NFUIPE�� $PSSFTQPOEJOHMZ� BMM� UIF� NPEFMT� SFMJFE� PO� FYBDUMZ� UIF� TBNF� TBNQMFT� BOE�

SFGFSFODF�EBUB��5IF�SFBEJOHT�PG�UIF�,'�UJUSBUJPO�BSF�HJWFO�JO�UIF�BQQFOEJY��

�

Figure C-22: The MS corrected band of spectra of the AOTF (above; 2 nm, 10 scans) and the 

REF (below; 2 nm, 32 scans). The higher spectroscopic resolution of the REF spectrometer 

became evident. The variation in water content was visually recognizable between 1,850 and 

2,050 nm. 

�
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Figure C-23: Exemplary the multiplicative scatter corrected array of the FT spectra acquired 

with a 16 cm-1 resolution and a single scan mode. The high resolution is overlaid by much 

noise, for FT instruments typically on the edges of the scale in particular. 

*O� UIF� GJSTU� DPOGJHVSBUJPO� BO� PQUJNBM� TFUUJOH� XBT� DIPTFO� BTTVNJOH� BO� IZQPUIFUJDBM�

MBCPSBUPSZ�FYFSDJTF�XJUI����TDBOT�FRVBMMZ� UP� UIF�3&'��"GUFSXBSET� UIF� DPOEJUJPOT�XFSF�

BEBQUFE�UP�BO�JO�MJOF�JNQMFNFOUBUJPO�SFTQFDUJOH�UIF�UJNF�SFTUSJDUJPOT��

3FHBSEJOH�UIF�"05'�CPUI�PG�UIFTF�BMJHONFOUT�XFSF�FRVBMMZ�TFU�UP���ON�BOE����TDBOT��

	_���TBNQMFT�B�TFDPOE
��*O�PSEFS�UP�TBWF�UJNF
�#PNFN�SFDPNNFOEFE�UP�VTF����DN �
�
�PS�

IJHIFS� SFTPMVUJPOT� XIJDI� JO� QSBDUJDF� GMBUUFOFE� UIF� TQFDUSVN�� "DUVBMMZ� UIF� IJHI�

SFTPMVUJPO� TUSFOHUI�PG� UIJT�EFWJDF�HPU� MPTU� BOE�OP�NPSF�VTFGVM� SFTVMUT�XFSF�PCUBJOFE��

5IVT
� POMZ� SFTPMVUJPOT� CFUXFFO� ���BOE���� DN �
�
�XFSF� JODMVEFE� JO� UIJT� DPNQBSJTPO�� *O�

UIFTF� DPOGJHVSBUJPOT� B� TFNJ�TDBO� XPVME� SFRVJSF� NPSF� UIBO� UIF� BWBJMBCMF� UJNF� BOE�

TVQQMFNFOUBSZ� JU� POMZ� TUBSUT� TDBOOJOH� GSPN� B� [FSP� QPTJUJPO�� 4VCTFRVFOUMZ� UXP�

TQFDUSPNFUFST� XPVME� CF� SFRVJSFE� UP� BDIJFWF� UIF� UFSNJOBM� TUSFBN� WFMPDJUZ�� 5IF� 3&'�

TUBOEBSE� DPOGJHVSBUJPO� XBT� LFQU� XJUIPVU� DIBOHFT
� SFRVJSJOH� BCPVU� ��� TFDPOET�

TDBOOJOH����UJNFT�UIF�FOUJSF�XBWFMFOHUI�TDBMF�GSPN��
�������
����ON�XJUI�B�SFTPMVUJPO�

PG���ON��
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*O� FWFSZ�NPEF� B� DPVQMF� PG� EJGGFSFOU� DIFNPNFUSJD� TQFDUSBM� USFBUNFOUT�XFSF� USJFE� PVU
�

CVU�JO�UIF�GPMMPXJOH�DPNQBSJTPO�POMZ�UIF�CFTU�SFTVMU�XBT�TIPXO��'PS�FBDI�NPEJGJDBUJPO�

UIF�DPNNPO�CFODINBSLT�DPSSFMBUJPO�DPFGGJDJFOU
�UIF�4&$7�PG�GVMM�DSPTT�WBMJEBUJPO
�BOE�

UIF�4&1�XFSF�SBJTFE�CFMPX��5IF�JOEJDBUFE�CJBT�TIPVME�CF�DMPTF�UP�[FSP��

$�������$PNQBSJTPO�PG�UIF�TQFDUSBM�RVBMJUZ�

*O� UIJT� TUVEZ� BMM� UIF� DPMMFDUFE� EBUB� XBT� JNQPSUFE� UP� UIF� 6OTDSBNCMFS�� 5P� BWPJE� BOZ�

BMUFSBUJPO�PG�UIF�PSJHJO�EBUB�JO�DBTF�PG�UIF�'5�OP�BCTDJTTB�DPOWFSTJPO�	XBWFOVNCFST�UP�

OBOPNFUFST
�XBT�QFSGPSNFE��"T�QSFUSFBUNFOU�UIF�TBNF�NVMUJQMJDBUJWF�TDBUUFS�DPSSFDUJPO�

	.4$
�XBT�DPNQVUFE�UP�HVBSBOUFF�DPNQBSBCJMJUZ�PG�UIF�CFODINBSLT��
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$PSSFMBUJPO� 4&$7�

'044� ��ON� ��� �� ������� �����

#SJNSPTF� ��ON� ��� �� ������� �����

#PNFN� ���DN � � � �� �� ������� �����

� ���DN � � � ��� �� ������� �����

� ���DN � � � �� �� ������� �����

� ���DN � � � ��� �� ������� �����

� ���DN � � � �� �� ������� �����

� ���DN � � � ��� �� ������� �����

Table C-11: The correlation coefficient and SECV out of FCV of the Unscrambler MSC 

models. Without respect to the source of the spectral data the Unscrambler computed an 

acceptable correlation with only two PCs. 

5IF�'5� SFTVMUT�XFSF�OPU� DPNQFUJUJWF�XJUI�OFJUIFS� UIF�3&'� OPS� UIF�"05'��"TUPOJTIJOH�

XBT�UIF�GBDU�PG�POMZ�TMJHIUMZ�EJGGFSFOU�CFODINBSLT�PG�3&'�BOE�"05'
�XIFSFBT�UIF�"05'�

EBUB�XBT�UIF�CFTU�NPEFMFE�JO�UFSNT�PG�DPSSFMBUJPO�BOE�4&$7��*ODSFBTJOH�UIF�OVNCFS�PG�

TDBOT�PG�UIF�'5�TQFDUSPNFUFS�EJE�OPU�TFSJPVTMZ�JNQSPWF�UIF�NPEFMT��
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6OTDSBNCMFS� � 3&'� � "05'� '5� � '5� �

.4$� ��ON
����TDBOT� ��ON
����TDBOT� ���DN ��� 
���TDBO� ���DN �%� 
����TDBOT�
4BNQMF�

,'�
3FG�� 1SFE�� %FW�� 1SFE�� %FW�� 1SFE�� %FW�� 1SFE�� %FW��

#���������I��� ����� ����� ������ ����� ������ ����� ������ ����� ������
#���������I��� ����� ����� ������ ����� ������ ����� ������ ����� ������

#��������� ����� ����� ����� ����� ������ ����� ������ ����� ������

#��������� ����� ����� ����� ����� ����� ����� ����� ����� �����

#��������� ����� ����� ������ ����� ������ ����� ����� ����� �����

#��������� ����� ����� ������ ����� ������ ����� ����� ����� �����

#���������N��� ����� ����� ������ ����� ����� ����� ����� ����� �����

#���������N��� ����� ����� ������ ����� ������ ����� ����� ����� �����

#���������N��� ����� ����� ����� ����� ����� ����� ����� ����� �����

#���������N��� ����� ����� ������ ����� ����� ����� ����� ����� �����

4&1� � � ����� � ����� � ����� � �����

#JBT� � � ������ � ����� � ����� � �����

� � � � � � � � � �

6OTDSBNCMFS� � '5� � '5� � '5� � '5� �

.4$� ���DN ��� 
���TDBO� ���DN �%� 
����TDBOT����DN ��� 
���TDBO� ���DN �%� 
����TDBOT�
4BNQMF�

,'�

3FG�� 1SFE�� %FW�� 1SFE�� %FW�� 1SFE�� %FW�� 1SFE�� %FW��

#���������I��� ����� ����� ������ ����� ������ ����� ������ ����� ������
#���������I��� ����� ����� ������ ����� ������ ����� ������ ����� ������

#��������� ����� ����� ������ ����� ������ ����� ������ ����� ������

#��������� ����� ����� ����� ����� ����� ����� ����� ����� �����

#��������� ����� ����� ����� ����� ����� ����� ����� ����� �����

#��������� ����� ����� ����� ����� ����� ����� ����� ����� �����

#���������N��� ����� ����� ����� ����� ����� ����� ����� ����� �����

#���������N��� ����� ����� ����� ����� ����� ����� ����� ����� �����

#���������N��� ����� ����� ����� ����� ����� ����� ����� ����� �����

#���������N��� ����� ����� ����� ����� ����� ����� ����� ����� �����

4&1� � � ����� � ����� � ����� � �����

#JBT� � � ����� � ����� � ����� � �����

Table C-12: The prediction results of the external validation set performed by the respective 

MSC Unscrambler models. 

5IF�QSFEJDUJPO�SFTVMUT�XFSF�DPOGJSNJOH�UIF�4&$7�BOE�DPSSFMBUJPO�WBMVFT�PG�UIF�NPEFMT�

JO�HFOFSBM
�BMUIPVHI�UIF�4&1�XBT�JOGFSJPS�UP�UIF�4&$7��

5IF�3&'�TQFDUSPNFUFS�TIPXFE�JO�JOEJWJEVBM�DBTFT�WFSZ�QSFDJTF�QSFEJDUJPOT
�CVU�XBT�UIF�

NPTU� JODPSSFDU� JO� ESZ� TBNQMFT� 	#���������I
�� 5IJT�XBT� BMTP� UIF�NBJO� SFBTPO� GPS� UIF�

IJHI�CJBT�WBMVF�JOEJDBUJOH�UIF�HFOFSBM�VOEFSFTUJNBUJPO�PG�UIF�XBUFS�DPOUFOU��5IF�"05'�

XBT� NPSF� FRVJMJCSBUFE� CVU� TIPXFE� NBOJGFTU� EFWJBUJPOT� JO� IJHIFS� XBUFS� DPOUFOU��
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� ���DN � � � ��� �� ������� �����

Table C-13: Correlation and SECV computed with MSC pretreatment performed by the 

corresponding software. 
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Table C-14: Prediction results referring to the validation set with MSC pretreatment of the 

corresponding software. 
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Table C-15: Results of a selection of the computed example PLS models. 

*O�BMM�DBTFT�UIF�DPSSFMBUJPO�DPFGGJDJFOUT�XFSF�SFNBSLBCMZ�IJHI��&RVJWBMFOUMZ� MPX�4&$7T�

XFSF�BDIJFWFE�XJUI�CPUI�UIF�.4$�QSFUSFBUFE�EBUB� 	TQFDUSBM� SFHJPO��
�������
����ON
�

BOE�UIF�.4$�/PSSJT�DPNCJOBUJPO�	�
�������
����ON
��.4$�SFRVJSFE�B�TNBMMFS�TQFDUSBM�

SBOHF� BOE� XBT� TJNQMFS� UP� DPNQVUF�� "DDPSEJOHMZ
� .4$� XBT� DPOTJEFSFE� BT� UIF� NPTU�

BEFRVBUF�USFBUNFOU��

$�������4DBO�NPEF�DPNQBSJTPO�

'PS�BMM�UIF�SFTPMVUJPOT�UIFSF�XBT�B�TFUUJOH�XJUI����TDBOT��5IF�TFDPOE�POF�XBT�BEBQUFE�

JO�TVDI�B�XBZ
�UIBU�UIF�OVNCFS�PG�TDBOT�DPNQFOTBUFE�UIF�MPXFS�BNPVOU�PG�EBUB�QPJOUT��

3FGFSFODF�XBT�UIF�TUBOEBSE�TFUUJOH�PG���ON�BOE����TDBOT
�XIJDI�MFE�FRVBMMZ�UP���ON���

���TDBOT�BOE���ON������TDBOT�UP��
����EBUB�QPJOUT��5IF�TBNF�.4$�XBT�DPNQVUFE�PO�

FBDI�PG� UIFTF��� GJMFT�DSFBUFE�BOE�UIF�NPEFM�CFODINBSLT�XFSF�QMPUUFE�IFSF��5IF�CFTU�

NPEFM�QFSGPSNBODF�XBT�TJUVBUFE�JO�UIF�VQQFS�SJHIU�TFDUJPO�PG�UIF�TDBUUFS�QMPUT�	'JHVSF�

$����BOE�'JHVSF�$���
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Table C-16: Overview of the benchmarks of the 8 models. 
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Figure C-24: Scatter plot of the correlation versus SECV of the models with the entire 

spectral range from 1,100 - 2,150 nm. 
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Figure C-25: Scatter plot of the correlation versus SECV of the models with the reduced 

spectral range from 1,814 - 2,036 nm. 

$����� %JTDVTTJPO�BOE�DPODMVTJPOT�

5IF�JOGMVFODF�PO�UIF�NPEFM�CFODINBSLT�EVF�UP�UIF�BQQMJFE�TDBO�OVNCFS�PS�SFTPMVUJPO�

XBT� RVJUF� XFBL�� *ODSFBTJOH� UIF� OVNCFS� PG� TDBOT� TIPVME� DPNQFOTBUF� B� EFDSFBTFE�

SFTPMVUJPO�� *O�DBTF�PG� UIF�DBMJCSBUJPOT�VTJOH�UIF�FOUJSF�TQFDUSBM� SBOHF� UIJT�BTTVNQUJPO�

XBT�DPOGJSNFE�CFZPOE�JO�DBTF�PG���ON��)PXFWFS
�DPOTJEFSJOH�UIF�DPMVNOT�PG�SFEVDFE�

SBOHF� UIJT� TUBUFNFOU� XBT� FWFO� OPU� USVF�� "QQBSFOUMZ
� UIFSF� XBT� B� LJOE� PG� PQUJNVN�

EFQFOEJOH�PO�UIF�SFTPMVUJPO��

3FHBSEJOH�UIF�IJHIMJHIUFE�SPXT�PG�FRVJWBMFOU�OVNCFS�PG�TDBOT�JO�UIF�SFEVDFE�TQFDUSBM�

SBOHF�UIF�IJHIFTU�DPSSFMBUJPO�CVU�MPXFTU�4&$7�XBT�GPVOE�BU���ON�BOE����TDBOT��*O�UIJT�

TDBO� NPEF� POMZ� �
���� EBUB� QPJOUT� QFS� TQFDUSVN� XFSF� BDRVJSFE
� SFRVJSJOH� MFTT� UIBO��

���NJMMJTFDPOET��8JUI�SFHBSE�UP�UIF�GVUVSF�JO�MJOF�BQQMJDBUJPO�PG�UIF�TBNF�TQFDUSPNFUFS�

UIJT� DPOGJHVSBUJPO� TFFNFE� UP� PGGFS� B� HPPE� PQQPSUVOJUZ�� 4PNF� NPSF� UJNF� GPS� UIF�

DPOUBJOFS�USBOTQPSU
�EBUB�USBOTGFS
�BOE�DBMDVMBUJPO�XPVME�SFNBJO��5IVT
�UIJT�TFUUJOH�XBT�

DPOTJEFSFE�BT�B�TUBOEBSE�GPS�TVDDFTTJWF�TUBUJD�NFBTVSFNFOU��
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5IJT�DIBQUFS�XBT�QVCMJTIFE�JO�3FG�

�
�BOE�QBSUJBMMZ�JO�3FG�

�
�

2VBOUJUBUJWF�TQFDJGJDBUJPOT�NBZ�BMTP�CF�DPOTJEFSFE�GSPN�B�CSPBEFS�RVBMJUBUJWF�QPJOU�PG�

WJFX��.PSFPWFS
�JO�QSPEVDUJPO�JU�JT�OPU�KVTU�UIF�WBMVFT�PG�UIFTF�GFX�TBNQMFT�UIBU�BSF�PG�

JOUFSFTU
�CVU�UIF�IPNPHFOFJUZ�PG�UIF�CBUDI�BT�B�XIPMF��

8IFOFWFS�UIF�PCKFDUJWF�JT�UP�UFTU�JG�B�DFSUBJO�BDDFQUBODF�MJNJU�JT�SFTQFDUFE�PS�OPU
�BOE�

UIJT�JT�NBJOMZ�UIF�DBTF�JO�QSBDUJDF
�B�DMBTTJGJDBUJPO�SFTVMU�JT�MBSHFMZ�TVGGJDJFOU�BOE�GPSNT�

UIF�CBTJT�GPS�B�kSFKFDUk�PS�kBDDFQUk�EFDJTJPO��*G�BO�FWJEFODF�PG�UIF�XIPMF�CBUDI�JT�SFRVJSFE�

B� UPUBM� JOTQFDUJPO� JT� QSFGFSBCMF�� /*3� JO� DPNCJOBUJPO� XJUI� DIFNPNFUSJDT� FWFO� BMMPXT�

BQQSPBDIJOH� RVBOUJUBUJWF� QSPCMFNT� CZ� B� RVBMJUBUJWF� EFGJOJUJPO�� "DDPSEJOHMZ
� B� /*3�

DBMJCSBUJPO� XBT� EFWFMPQFE� UP� QSPWJEF� B� SBQJE� BOE� QSFDJTF� UFDIOJRVF� GPS� UIF�

DMBTTJGJDBUJPO�PG�CBUDIFT�JOUP�RVBMJUZ�HSPVQT��

$����� $POUSPM�BOE�DBMJCSBUJPO�

/*34�BOE�QSJODJQBM�DPNQPOFOU�BOBMZTJT�	1$"
 � �XFSF�BQQMJFE�UP�DMBTTJGZ�1SPEVDU�#�WJBMT�
JOUP� UXP� HSPVQT� PG� �HPPE�� BOE� �CBE�� TBNQMFT�� 5IF� BDDFQUBODF� MJNJU� GPS� UIF� /*3�

DBMJCSBUJPO�XBT� TFU� UP� �� ������ UP� EFGJOF� UIF� HSPVQ� PG� �HPPE�� TBNQMFT�� 4BNQMFT�XJUI�

XBUFS� DPOUFOUT�CFUXFFO���BOE�����XFSF�DPOTJEFSFE� UP�CFMPOH� UP� UIF�HSPVQ�PG� �CBE��

TBNQMFT�XIJDI�IBE� UP�CF� SFKFDUFE��"OZ�IJHIFS� WBMVFT�XFSF�DIBSBDUFSJ[FE�BT� kPVUMJFSTk�

BOE�XFSF�BMTP�SFKFDUFE��

5IF�NFUIPE�XBT�WBMJEBUFE�VTJOH�BO�FYUFOTJWF�TFU�PG�TBNQMFT�DPWFSJOH�B�CSPBE�NPJTUVSF�

SBOHF��"�RVBMJUBUJWF�UXP�DMBTT�NPEFM�XBT�FBTZ�UP�DSFBUF�BOE�UP�IBOEMF�BOE�QSPWJEFE�UIF�

CBTJT�GPS�B�������CBUDI�DPOUSPM�BT�BO�BMUFSOBUJWF�UP�UIF�,'�UJUSBUJPO�PG�TFMFDUFE�TBNQMFT��

#PUI� UIF�TBNQMFT� GPS�DBMJCSBUJPO�BOE�WBMJEBUJPO�PG� UIF�/*3�NPEFM�XFSF� UJUSBUFE�CZ�,'�

NFUIPE��5IF�SFBEJOHT�PG�UIF�SFTVMUT�BSF�HJWFO�JO�UIF�BQQFOEJY��

$�������%BUB�BDRVJTJUJPO�
5IF� TFBMFE� HMBTT� WJBMT� XFSF� QMBDFE� EJSFDUMZ� PO� B� TVQQPSU� ��� NN� GSPN� UIF� TFOTPS�

XJOEPX�JO�PSEFS�UP�NFBTVSF�UISPVHI�UIF�CPUUPN�PG�UIF�DPMPSMFTT�HMBTT�WJBMT��5IF�EJGGVTF�

SFGMFDUBODF�TQFDUSB�XFSF�DPMMFDUFE�JO�BCTPSCBODF�NPEF�XJUI�B�SFTPMVUJPO�PG���ON�BOE�
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Figure C-26: NIR spectra of ’good’ and ’bad’ samples. The distinction at the position of the 

water band (1,940 nm) is clear. The lower group of spectra corresponds to samples with 

less than 1.4 % water, the upper group to samples with more than 2.0 %. 

$�������4BNQMF�TFMFDUJPO�BOE�DBMJCSBUJPO�

5P�FTUBCMJTI�UIF�BMUFSOBUJWF�RVBMJUBUJWF�DBMJCSBUJPO
�UXP�DMBTTJGJDBUJPO�HSPVQT�PG�TBNQMFT�

XFSF� SFRVJSFE�� *O� B� GJSTU� TUFQ
� TBNQMFT�XFSF�QSFQBSFE� GSPN�EJGGFSFOU� CBUDIFT�XJUI�BO�

FYUFOEFE� SBOHF� PG� XBUFS� DPOUFOUT�� "GUFSXBSET� UIF� DPSSFTQPOEJOH� /*3� TQFDUSB� XFSF�

EJWJEFE� JOUP� UXP� HSPVQT�� TQFDUSB� PG� �HPPE�� TBNQMFT� DPOUBJOJOH� MFTT� UIBO� �� �� BOE�

TQFDUSB� PG� �CBE�� TBNQMFT� XJUI� NPSF� UIBO� �� BOE� MFTT� UIBO� �� �� XBUFS�� 5IF� �HPPE��

EBUBCBTF�DPNQSJTFE����TBNQMFT�XJUI�XBUFS�DPOUFOUT�CFUXFFO�����BOE��������5IF��CBE��

EBUBCBTF�DPOUBJOFE����TQFDUSB�DPSSFTQPOEJOH�UP�XBUFS�WBMVFT�CFUXFFO�����BOE��������

*O�UPUBM�B�TFU�PG�POMZ�����TBNQMFT�XBT�SFRVJSFE�GPS�NPEFMJOH��

5IF�HBQ�CFUXFFO�UIFTF�HSPVQT�XBT�JOUFOEFE�UP�BWPJE�EFDJTJPO�VODFSUBJOUJFT�DBVTFE�CZ�

PWFSMBQQJOH�BOBMZTJT� SFTVMUT�� 5IF� TJ[F�PG� UIJT� JOUFSWBM�XBT�EFGJOFE�XJUI� SFTQFDU� UP� UIF�

TUBOEBSE� FSSPS� PG� QSFEJDUJPO� 	4&1� �� ���� �
�XIJDI� XPVME� CF� BU� MFBTU� SFRVJSFE� GPS� BO�
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FRVJWBMFOU� RVBOUJUBUJWF� /*3� NFUIPE�� 5IF� 4&1� IFSF� XBT� B� TUBUJTUJDBM� QBSBNFUFS� UIBU�

JOEJDBUFE�UIF�VQQFS�MJNJU�PG�BDDVSBDZ�PG�UIF�/*3�NFUIPE� � �

*U�XBT�DPOTJEFSFE�SFBTPOBCMF�UP�VTF�UISFF�UJNFT�UIF�4&1�PG�UIF�RVBOUJUBUJWF�QSFEJDUJPO�

NFUIPE� UP� IBWF� ��� �� DPOGJEFODF�� "TTVNJOH� B� OPSNBM� EJTUSJCVUJPO� PG� UIF� TBNQMFT�

JODMVEFE�JO�UIF�DBMDVMBUJPO
������PG�UIFN�XPVME�IBWF�BO�BDUVBM�XBUFS�DPOUFOU�PG�Z ¬ ��

6(3\ ­ ⋅±≤ 3 �

Equation C-8: Computation of yi. 

'PS�UIF�RVBMJUBUJWF�QSFEJDUJPO�NPEFM�UIF�EJGGFSFODF�CFUXFFO�UIF�UXP�HSPVQT�XBT�TFU�UP�

UXJDF� UIJT� WBMVF�� "DDPSEJOHMZ� POMZ� DBMJCSBUJPO� TBNQMFT� XJUI� XBUFS� DPOUFOUT� PG� ���� ��

CFMPX�UIF�BDDFQUBODF�MJNJU�XFSF�BDLOPXMFEHFE
�BT�JU�XBT�WFSZ�JNQPSUBOU�UP�BWPJE�BOZ�

GBMTF�HPPE�EFDJTJPOT�SFTVMUJOH�JO�B�MBDL�PG�RVBMJUZ��

�

Figure C-27: This histogram of the sample distribution illustrates the two distinct calibration 

sets. 

$�������$BMJCSBUJPO�
*O� B� GJSTU� TUFQ
� UIF� GFBTJCJMJUZ� PG� UIF� DBMJCSBUJPO� XBT� FYQMPSFE� CZ� VTJOH� UIJSE� QBSUZ�

DIFNPNFUSJD�TPGUXBSF��5P�DBSSZ�PVU�UIF�DBMDVMBUJPO
�BMM� UIF�TQFDUSB�XFSF�BTTFNCMFE�JO�

POF�6OTDSBNCMFS�GJMF�BOE�B�NVMUJQMJDBUJWF�TDBUUFS�DPSSFDUJPO�	.4$
�XBT�BQQMJFE�UP�GJMUFS�

PVU�TBNQMJOH�WBSJBUJPOT��"�1$"�XBT�UIFO�DPNQVUFE�UP�BOBMZ[F�UIF�DPSSFMBUJPO�CFUXFFO�

UIF� TQFDUSB� BOE� UIF� XBUFS� WBMVFT�� 5IF� SFTVMUT� TIPXFE� UIBU� EJGGFSFOUJBUJPO� PG� UIF�

RVBMJUBUJWF�HSPVQT�PG��HPPE��BOE��CBE��TBNQMFT�XBT�QPTTJCMF�XJUI�POF�TJOHMF�1$��
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Figure C-28: The residual validation variance plot shows that only one PC is required for 

this calibration. 

�

Figure C-29: The scores plot confirms the validation variance plot and shows the two 

separate groups as distinguished by the first principal component. 

5IF�TFDPOE�TUFQ�XBT�UIF�USBOTGFS�PG�UIF�DBMJCSBUJPO�UP�UIF�PO�MJOF�TPGUXBSF�4OBQ���5IF�

�1SFEJDUJPO� 1SPGJMF� $PNQJMFS�� XBT� VTFE� UP� DSFBUF� UIF� PO�MJOF� QSFEJDUJPO� PQFSBUJPO�

JOUFSGBDF�� 5IF� UXP�HSPVQ� GJMFT�XFSF� JNQPSUFE� UP� GPSN� UIF� CBTJT� GPS� UIF�.4$�BOE� UIF�

RVBMJUBUJWF�DMBTTJGJDBUJPO��5IF�.BIBMBOPCJT�EJTUBODF�XBT�GJYFE� UP����� UP�DPNQMZ�XJUI�B�

DPMMFDUJPO�PG�TBNQMFT�PG�LOPXO�XBUFS�DPOUFOU��5P�SVO�UIF�QSFEJDUJPO
�UIJT�DBMJCSBUJPO�GJMF�

XBT�MPBEFE�JO�UIF��1SFEJDU��NPEVMF�PG�UIF�4OBQ��TPGUXBSF��
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$����� &YUFSOBM�WBMJEBUJPO�

'VSUIFS� TBNQMFT� GSPN� EJGGFSFOU� CBUDIFT� PG� UIF� MZPQIJMJ[FE� QSPEVDU� XFSF� VTFE� GPS�

WBMJEBUJPO��5IF�PCKFDUJWF�XBT�UP�DIBMMFOHF�UIF�DBMJCSBUJPO�XJUI�NBSHJOBM�TBNQMFT��5IFZ�

XFSF�GJSTU�NFBTVSFE�XJUI�UIF��1SFEJDU��PO�MJOF�NPOJUPS
�DMBTTJGJFE�PO�UIF�CBTJT�PG�UIF�/*3�

BOBMZTJT�SFTVMU�BOE�UIFO�UJUSBUFE�CZ�UIF�,'�NFUIPE��

"� UPUBM� PG� ���� TBNQMFT�XFSF�NFBTVSFE�� ��� �HPPE�� TBNQMFT� IBE� MFTT� UIBO� ����XBUFS�

	NBY�������

�����CBE��WJBMT�NPSF�UIBO�����	�����������

�BOE�����PVUMJFST��NPSF�UIBO�����

	������������
��"MM� UIF�SFTVMUT�XFSF�XJUIJO�UIF�TQFDJGJFE�SBOHFT��5IF�DPSSFTQPOEJOH�,'�

XBUFS�WBMVFT�DPOGJSNFE�UIF�RVBMJUBUJWF�/*3�DBMJCSBUJPO��

$����� 3FTVMUT�BOE�EJTDVTTJPO�

"�OPO�JOWBTJWF�/*3�SFGMFDUBODF�NFUIPE�UP�DBSSZ�PVU�B�HPPE�WT��CBE�RVBMJUZ�BTTFTTNFOU�

XJUI� SFTQFDU� UP� UIF� XBUFS� DPOUFOU� PG� MZPQIJMJ[FE� WJBMT� XBT� EFWFMPQFE� BOE� WBMJEBUFE��

"GUFS�NBUIFNBUJDBM�QSFUSFBUNFOU
�B�DMBTTJGJDBUJPO�NFUIPE�XJUI�BO�BDDFQUBODF�MJNJU�TFU�

UP�����XBT�DPNQVUFE��5IF�DBMJCSBUJPO�TFU�DPNQPTFE�PG�����TBNQMFT�XBT�DIBMMFOHFE�CZ�

DMBTTJGZJOH�����NPSF�TBNQMFT�XIJDI�XFSF�OPU�JODMVEFE�JOUP�UIF�JOJUJBM�DBMJCSBUJPO�TFU��

5IF� (.1� SVMFT� SFMBUJOH� UP� QIBSNBDFVUJDBM� RVBMJUZ� DPOUSPM� TFU� IJHI� TUBOEBSET� GPS�

RVBOUJUBUJWF� NFUIPET�� "GUFS� HFOFSBM� TZTUFN� TVJUBCJMJUZ� UFTUJOH
� DBMJCSBUJPO�TQFDJGJD�

QBSBNFUFST�OFFE�UP�CF�WFSJGJFE� �2®
¯ �*O�QBSUJDVMBS
�UIF�WBMJEBUJPO�F�H��JO�UFSNT�PG�BDDVSBDZ
�

MJOFBSJUZ� BOE� SFQFBUBCJMJUZ� XJUI� OBSSPX� TUBUJTUJD� DPOGJEFODF� JOUFSWBMT� SFRVJSFT�

DPOTJEFSBCMF�XPSL�� *O�/*3�BTTBZT
� UIF� BDDVSBDZ� JT� JOEJDBUFE� CZ� UIF� TUBOEBSE� FSSPS� PG�

QSFEJDUJPO�� 4VCTUBOUJBM� WBMJEBUJPO� TFUT� PWFS� UIF� FOUJSF� DBMJCSBUJPO� SBOHF� BSF� VTFE� UP�

QSPWF�BDDVSBDZ� JO� UIF�TIPSU� UFSN�BOE�QBSBMMFM� UFTU�TFUT�BSF�VTFE� UP�WBMJEBUF� UIF�BTTBZ�

PWFS�UJNF�BU�SFHVMBS�JOUFSWBMT��-JOFBSJUZ�JT�QSPWFO�CZ�B�TUSBJHIU�DBMJCSBUJPO�MJOF�PWFS�UIF�

XPSLJOH� SBOHF� PG� UIF� BTTBZ� XJUI� DPSSFMBUJPO� DPFGGJDJFOUT� PG� NPSF� UIBO� ��� �
� TMPQFT�

DMPTF� UP� VOJUZ� BOE� PGGTFUT� UIFPSFUJDBMMZ� FRVBM� UP� [FSP�� 5IFTF� QBSBNFUFST� TIPVME� CF�

TVCNJUUFE�UP�SFHVMBUPSZ�BVUIPSJUJFT�GPS�SFHJTUSBUJPO��3FQFBUBCJMJUZ�JT�EFNPOTUSBUFE�VTJOH�

TFWFSBM�EFUFSNJOBUJPOT�PG�POF�PS�NPSF�TBNQMFT
� JOUFSNFEJBUF�QSFDJTJPO�CZ�DPOEVDUJOH�

BTTBZT� F�H�� PO� EJGGFSFOU� EBZT� BOE� XJUI� EJGGFSFOU� BOBMZTUT� ° � &TQFDJBMMZ� JO� DBTF� PG� MPX�
DPOUFOUT
� FWFO� NJOJNBM� EFWJBUJPOT� MFBE� UP� IJHI� SFMBUJWF� TUBOEBSE� FSSPST� BOE�

VOBDDFQUBCMF�DBMJCSBUJPOT��



$���7BMJEBUFE�RVBMJGJDBUJPO�PG�1SPEVDU�#�WJBMT�
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)PXFWFS
� POMZ� UIF� TQFDJGJDJUZ� BOE� SPCVTUOFTT� OFFE� UP� CF� WBMJEBUFE� GPS� RVBMJUBUJWF�

NPEFMJOH��"DDVSBDZ
�MJOFBSJUZ
�BOE�SFQFBUBCJMJUZ�EP�OPU�OFFE�UP�CF�FWBMVBUFE
�TJNQMJGZJOH�

UIF� WBMJEBUJPO� FGGPSU�� 0O� UIF� PUIFS� IBOE
� QPUFOUJBM� DIBMMFOHFT� 	F�H�� EJGGFSFOU� CBUDIFT
�

CMFOET
�TIPVME�CF�QSFTFOUFE�UP�UIF�SFGFSFODF�MJCSBSZ
�CVU�OPU�VTFE�GPS�DBMJCSBUJPO
�NVTU�

CF� UFTUFE� BOE� TIPXO� UP� HJWF� DVSSFOU� SFTVMUT��5IVT� B�OFX� UFTU� TIPVME� CF� FTUBCMJTIFE��

)FSF� UIF� UISFTIPME�TJUVBUJPO� JO�QBSUJDVMBS� TIPVME�CF�DIBMMFOHFE
�VTJOH�TBNQMFT� JO� UIF�

SBOHF�KVTU�BCPWF�BOE�CFMPX�UIF�BDDFQUBODF�MJNJU�	5BCMF�$���

�UP�EFNPOTUSBUF�DPSSFDU�

BTTJHONFOU�CZ�UIF�TZTUFN��

5SBEJUJPOBMMZ� UIF�QSFEJDUFE�XBUFS� WBMVF�PG�B�RVBOUJUBUJWF�NFUIPE� JT�DPNQBSFE�XJUI�BO�

BDDFQUBODF�MJNJU
�CVU�UIF�TVNNBSZ�PG�SFTVMUT�JO�UIF�CBUDI�SFDPSE�POMZ�OFFET�UP�JOEJDBUF�

�DPOGPSN�� JG� UIF� TBNQMF� NFFUT� UIF� SFRVJSFNFOUT� PS� �OPO�DPOGPSN�� JG� JU� EPFT� OPU��

)PXFWFS
� DVSSFOU� SFHVMBUJPOT� SFRVJSF� UIF� TUPSBHF� PG� BMM� UIF� SBX� EBUB� o� JODMVEJOH� UIF�

XBUFS�WBMVFT��5IF�RVBMJUBUJWF�NFUIPE�BMTP�QSPWJEFT�UIF�CBTJT�GPS�B�SFMFBTF�EFDJTJPO�CVU�

EPFT�OPS�HFOFSBUF�UIJT�LJOE�PG�EBUB��"O�BEEJUJPOBM�BEWBOUBHF�XPVME�UIFO�CF�UIF�TNBMMFS�

BNPVOU� PG� SFTVMUJOH� EBUB� GPS� TUPSBHF� JO� UIF� DBTF� PG� MBSHF� TBNQMF� RVBOUJUJFT� QPTTJCMZ�

SFEVDJOH�UIF�EFNBOE�PG�TUBUFNFOU�CZ�UIF�SFHVMBUPSZ�BVUIPSJUJFT��

7BMJEBUJPO� 2VBOUJUBUJWF� 2VBMJUBUJWF�

4QFDJGJDJUZ� �� ��

3PCVTUOFTT� �� ��

"DDVSBDZ� �� ���

1SFDJTJPO� �� ���

-JOFBSJUZ� �� ���

5ISFTIPME�DIBMMFOHF� ��� ���

Table C-17: Assessment of validation work relating to quantitative or qualitative calibrations 

in practice. 

*O� GVUVSF
� OFX� DBMJCSBUJPOT� GPS� OFX� QSPEVDUT� PS� DIBOHFE� DPNQPTJUJPOT� SFRVJSJOH� SF�

DBMJCSBUJPO� DBO� CF� QFSGPSNFE�PO� B� TFDPOE� FRVJWBMFOU� TQFDUSPNFUFS� JO� UIF� MBCPSBUPSZ�

FOWJSPONFOU�� 5IFTF� NPEFMT� OFFE� UP� CF� USBOTGFSSFE� UP� UIF� QMBOU� TQFDUSPNFUFS�

BGUFSXBSET
� BTTVNJOH�HPPE� BHSFFNFOU� CFUXFFO� UIF� UXP�EFWJDFT� JO� UFSNT� PG� TQFDUSBM�

RVBMJUZ�� "T� DBMJCSBUJPO� USBOTGFS� GSPN� POF� TQFDUSPNFUFS� UP� UIF� PUIFS� XJUIJO� POF� UZQF�

TFSJFT�JODMVEJOH�NFUIPE�NPEJGJDBUJPO�BOE�SFWBMJEBUJPO�TUJMM�SFNBJOT�BO�JTTVF
�TJNQMF�BOE�
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SPCVTU�DBMJCSBUJPO�UFDIOJRVFT�BSF�PG�JOUFSFTU� ± �*G�UIF�SFRVJSFE�DBMJCSBUJPO�XPSL�JT�MJNJUFE�

UIF�QSPEVDU�DPVME�CF�SFNPEFMFE�JOEFQFOEFOUMZ�PO�B�TFDPOE�PS�UIJSE�EFWJDF��

$����� $PODMVTJPOT�

"� RVBMJUBUJWF� UXP�DMBTT� NPEFM� JT� FBTZ� UP� DSFBUF� BOE� UP� IBOEMF� DPNQBSFE� XJUI�

RVBOUJUBUJWF� EFUFSNJOBUJPOT�� /P� MBSHF�TDBMF� EBUB� USFBUNFOU� JT� OFDFTTBSZ
� UIF� TBNQMF�

TFUT� DBO� CF� LFQU� WFSZ� TNBMM
� CVU� UIF� DBMJCSBUJPO� SFNBJOT� GBTU� BOE� SPCVTU�� 5IJT� /*3"�

NFUIPE�XBT�OPO�EFTUSVDUJWF�BOE�GBTU��&BDI�BOBMZTJT�UPPL�MFTT�UIBO�POF�TFDPOE��

'PS� UIFTF� SFBTPOT
� UIF�/*3� BQQMJDBUJPO� DPVME� CF� VTFE� OPU� KVTU� GPS� MBCPSBUPSZ� RVBMJUZ�

DPOUSPM
� CVU� BMTP� GPS� UIF� TDSFFOJOH� PG� MBSHF� OVNCFST� PG� TBNQMFT� PS� FWFO� GPS� B� UPUBM�

RVBMJUZ�DPOUSPM�PG�FOUJSF�CBUDIFT��4BNQMFT�EFWJBUJOH�GSPN�UIF�RVBMJUZ�QBSBNFUFST�DPVME�

CF� SFKFDUFE� TJNVMUBOFPVTMZ� BOE� B� IPNPHFOFPVT� JO�TQFDJGJDBUJPO� CBUDI� XPVME� SFTVMU��

5IJT�XBT�FYFNQMBSJMZ�QFSGPSNFE�BU�MJOF�XJUI�BO�FOUJSF�CBUDI�1SPEVDU�#��5IF�PVUDPNF�PG�

UIJT� JOTQFDUJPO� GPSNFE� UIF� CBTJT� GPS� BO� JOWFTUNFOU� BDDPVOUJOH� SFQPSUFE� CFMPX� JO�

$IBQUFS�%��#VTJOFTT�DBTF��
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3FGFSFODFT�$���7BMJEBUFE�RVBMJGJDBUJPO�PG�1SPEVDU�#�WJBMT�

�
�4VLPXTLJ�-�
�6MNTDIOFJEFS�.�
�/FBS�*OGSBSFE�4QFDUSPTDPQZ��)JHI�4QFFE�/POJOWBTJWF�2VBMJGJDBUJPO�PG�

-ZPQIJMJ[FE�WJBMT
�JO�%BWJFT�"��.��$�
�(JBOHJBDPNP�3�
�/FBS�*OGSBSFE�4QFDUSPTDPQZ��1SPDFFEJOH�PG�UIF�

�� ¤ ¥ �*OUFSOBUJPOBM�$POGFSFODF
�/*3�1VCMJDBUJPOT
�������
�4VLPXTLJ�-�
�6MNTDIOFJEFS�.�
�-FVFOCFSHFS�)�
�/FBS�*OGSBSFE�4QFDUSPTDPQZ��/PO�*OWBTJWF�

2VBMJGJDBUJPO�PG�-ZPQIJMJ[FE�7JBMT
�1PTUFS�PO�UIF�1IBSNBEBZ
�#BTFM
����+VMZ������

� �&TCFOTFO�,��)�
�.VMUJWBSJBUF�%BUB�"OBMZTJT���*O�1SBDUJDF
��UI�&EJUJPO
�$".0
�0TMP
�/PSXBZ
������

� �6OJUFE�4UBUFT�1IBSNBDPQPFJB
�&EJUJPO���
�7BMJEBUJPO�PG�DPNQFOEJBM�.FUIPET
�$IBQUFS�������
������

¯ �3¿UUFMF�+�
�#FOEB�4�
�3BV�#�
�%FUFSNJOBUJPO�PG�SFTJEVBM�NPJTUVSF�JO�MZPQIJMJ[FE�QIBSNBDFVUJDBM�

QSPEVDUT�UISPVHI�JOUBDU�HMBTT�WJBMT��WBMJEBUJPO�PG�UIF�/*3�NFUIPE
�1SPDFFEJOHT�PG�UIF�*OUFSOBUJPOBM�

$POGFSFODF�PO�/FBS�*OGSBSFE�4QFDUSPTDPQZ
��¤ ¥ 
������
° �3JUDIJF�(�&�
�$JVSD[BL�&�8�
�7BMJEBUJOH�B�/FBS�*OGSBSFE�4QFDUSPTDPQJD�.FUIPE
�1SPDFFEJOHT�PG�

4QFDUSPTDPQZ�JO�1SPDFTT�BOE�2VBMJUZ�$POUSPM�$POGFSFODF
�/FX�#SVOTXJDL
�/+
������

± �.D(POJHMF�3�
�%FWFMPQNFOU�BOE�7BMJEBUJPO�PG�"OBMZUJDBM�.FUIPE�1SPHSBNT�JO�1IBSNBDFVUJDBM�BOE�

#JPNFEJDBM�"OBMZTJT
�7PM���
�1FSHBNPO�1SFTT
�&MTFWJFS�4DJFODF
�/FX�:PSL
�64"
������
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$���5IF�QSPDFTT�TJNVMBUPS�

5IF� GFBTJCJMJUZ� PG� B� UPUBM� JO�MJOF� JOTQFDUJPO� JO� B� MZPQIJMJ[BUJPO� QSPEVDUJPO� MJOF� SVOOJOH�

XJUI�B�NBYJNVN�WFMPDJUZ�PG�BMNPTU�����TBNQMFT�QFS�NJOVUF�XBT�FWBMVBUFE�JO�B�GVSUIFS�

TUFQ�� "� QSPDFTT� TJNVMBUPS�XBT� EFTJHOFE� UP� QFSGPSN�BMM� UIF� DBMJCSBUJPO� BOE� WBMJEBUJPO�

XPSL�PGG�MJOF�JO�B�MBCPSBUPSZ�FOWJSPONFOU�XJUIPVU�EJTUVSCJOH�UIF�SPVUJOF�QSPDFEVSFT��

�

Figure C-30: Simulation of an in-line total quality inspection of lyophilized vials by NIRS. 

5IF�TJNVMBUPS�XBT�B�DVTUPN�CVJMU�QSPUPUZQF�DPODFQUVBMMZ�EFTJHOFE�UP� JNJUBUF� UIF� SFBM�

QSPEVDUJPO� DPOEJUJPOT� BT� DMPTFMZ� BT� QPTTJCMF�� 5IJT� VOJU� XBT� NBJOMZ� DPNQPTFE� PG� B�

TUFQMFTT� DPOUSPMMBCMF� TFSWP�NPUPS
� XJUI� SFTQFDU� UP� UIF� VOJUT�� GPSNBU� FYDIBOHFBCMF�

TUBSXIFFMT
� BOE� B� SPUBSZ� FODPEFS� TJNJMBS� UP� BO� BVUP� TBNQMFS�� 5IF� PQUJDBM� NFBTVSJOH�

IFBE�PG� UIF�TQFDUSPNFUFS�XBT�NPVOUFE�CFMPX� UIF�TUBSXIFFM
� JO�PSEFS� UP� JSSBEJBUF� UIF�

TBNQMFT�UISPVHI�UIF�WJBMT��CPUUPN��*U�XBT�QPTTJCMF�UP�TFMFDU�EJGGFSFOU�WFMPDJUJFT�CFUXFFO�

��BOE�����WJBMT�QFS�NJOVUF��8IFO�UIF�NPUPS�XBT�TUBSUFE
�UIF�SPUBSZ�FODPEFS�HFOFSBUFE�

BVUPNBUJDBMMZ�B�USJHHFS�TJHOBM�XIFOFWFS�B�TBNQMF�QPTJUJPO�PG�UIF�TUBSXIFFM�XBT�MPDBUFE�

BCPWF� UIF�TFOTPS��"DUJWBUFE�CZ� UIF� USJHHFS� TJHOBM� B� TDBO�PO� UIF� DPOUJOVPVTMZ�NPWJOH�

TBNQMFT�XBT�FYDJUFE��5IF� USJHHFS�TJHOBM�XBT�B� GVODUJPO�PG� UIF�TUBSXIFFM�QPTJUJPO�BOE�

XBT�UIFSFGPSF�UJNF�JOEFQFOEFOU��$POTFRVFOUMZ�UIF�NFBTVSFNFOU�BMXBZT�TUBSUFE�PO�UIF�

TBNF�TQPU�PO�UIF�CPUUPN�PG�UIF�WJBMT
�JSSFTQFDUJWF�PG�UIF�SPUBUJPO�TQFFE��
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8JUI� SFHBSE� UP� UIF� JO�MJOF� BQQMJDBUJPO� JO� UIF� QSPEVDUJPO
� QBSBMMFMMZ� B� ��� $'3� 1BSU� ���

DPNQMJBOU�QSPDFTT� TPGUXBSF�XBT�EFWFMPQFE
�BMMPXJOH� UIF� TQFDUSB� BDRVJTJUJPO�XJUI� UIF�

TBNF� WFMPDJUZ� BOE� B� QSFEJDUJPO� BDDPSEJOH� UP� B� QSFEFGJOFE� DBMJCSBUJPO� TJNVMUBOFPVTMZ��

5IF� SFTVMUT� XFSF� EJTQMBZFE� PO� UIF� TDSFFO� BOE� PQUJPOBMMZ� TUPSFE� PO� UIF� IBSE�EJTL�

UPHFUIFS� XJUI� UIF� FOUJSF� TQFDUSB�� #Z� NFBOT� PG� UIFTF� EBUB
� B� CBUDI� SFDPSE� DPVME� CF�

QSJOUFE�F�H��JO�UIF�FOE�PG�UIF�BOBMZTJT�PG�BO�FOUJSF�MPU��

$����� %ZOBNJD�TDBO�NPEF�FWBMVBUJPO�

"T� UIF�/*3� TQFDUSB�XFSF�BDRVJSFE�XIJMF� UIF�CPUUMFT�XFSF�NPWJOH�DPOUJOVPVTMZ
� UIFSF�

XBT� POMZ� B� MJNJUFE� UJNF� BWBJMBCMF� GPS� TDBOOJOH�� /FWFSUIFMFTT� UIF� TDBO� QBSBNFUFST�

TIPVME� CF� JOEFQFOEFOU� PG� UIF� SPUBSZ� TQFFE�� 5P� GJMUFS� MPDBM� TVSGBDF� QIFOPNFOB� PS�

UFNQPSBSZ�JOGMVFODFT�MJLF�WJCSBUJPOT�TFWFSBM�TDBOT�TIPVME�CF�BWFSBHFE�UP�POF�TQFDUSVN��

0O�POF�IBOE�UIF�FOUJSF�CPUUMF�CPUUPN�TVSGBDF�TIPVME�CF�FYQMPJUFE�GPS�TDBOOJOH
�CVU�PO�

UIF�PUIFS�IBOE�UIFSF�TIPVME�CF�OP�MJHIU�FOFSHZ�NJTTJOH�UIF�CPUUMF��"MSFBEZ�UPVDIJOH�UIF�

DVSWBUVSF� PG� JUT� CPSEFS� DBVTFE� VOXBOUFE� TDBUUFSJOH� PS� EJTUVSCJOH� TJHOBMT� GSPN� UIF�

QFSJQIFSZ��

#Z�DPNQVUJOH�1$"�NPEFMT�UIF�PQUJNBM�NFBTVSFNFOU�QBSBNFUFST�PG�UIF�IJHIFTU�WFMPDJUZ�

PG� UIF� SFTQFDUJWF� GPSNBU� XFSF� TFBSDIFE�� 4VDDFTTJWFMZ
� POMZ� UIFTF� QBSBNFUFST� XFSF�

BQQMJFE�GPS�BMM�SPUBSZ�TQFFET��

$�������1SPDFEVSF�EZOBNJD�TDBO�NPEF�FWBMVBUJPO�

5FO� TFMFDUFE� WJBMT� PG� B� TQFDJGJD� EJBNFUFS� XFSF� NFBTVSFE� BU� EJGGFSFOU� SPUBSZ� TQFFET�

DPWFSJOH� UIF� SBOHF� PG� SFBTPOBCMF� PQFSBUJPO�� "MM� PG� UIFTF� NFBTVSFNFOUT� XFSF�

QFSGPSNFE�XJUI�B���ON�SFTPMVUJPO�JO�UIF�SBOHF�GSPN��
����UP��
����ON�SFQSFTFOUJOH�B�

SPCVTU�DBMJCSBUJPO�SBOHF��"U�B�UJNF�GJWF�PG�UIF�UFO�TQFDUSB�DPSSFTQPOEJOH�UP�POF�WFMPDJUZ�

XFSF�BWFSBHFE��'JSTU�UIF�TIBQF�PG�UIF�TQFDUSB�XBT�WJTVBMMZ�FTUJNBUFE
�UIFO�B�1$"�XBT�

DPNQVUFE�UP�FYQMPSF�JG�UIFSF�XBT�B�WFMPDJUZ�EFQFOEFOU�TIJGU�JO�UIF�EBUB��5IJT�QSPDFEVSF�

JT� QSFTFOUFE� JO� EFUBJM� POMZ� GPS� POF� WJBM� GPSNBU�� 5IF�DPSSFTQPOEJOH�QMPUT� GPS� UIF�PUIFS�

DPOUBJOFS�EJBNFUFST�BSF�HJWFO�JO�UIF�BQQFOEJY��
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$�������&YBNQMF�EJBNFUFS�������NN
���BOE���NM�

'PS� WJBMT� XJUI� B� EJBNFUFS� PG� ������NN� WFMPDJUJFT� CFUXFFO� ���� BOE� ���� TBNQMFT� QFS�

NJOVUF�XFSF�DPOTJEFSFE��5IF� JOJUJBM�OVNCFS�PG���TDBOT�XBT�TVDDFTTJWFMZ�SFEVDFE�POF�

CZ�POF��

�

Figure C-31 : The averaged raw spectra of 8 scans taken with velocities between 100 and 

300 vials per minute. 

"MSFBEZ� UIF�TQFDUSB�QMPU� 	'JHVSF�$���
� JMMVTUSBUFE�B�TIJGU� JO�BCTPSCBODF�EFQFOEJOH�PO�

UIF� SPUBSZ� TQFFE�� 5IF� GBTUFS� UIF� TUBSXIFFM� UVSOFE� UIF� IJHIFS�XBT� UIF�BCTPSCBODF� PS
�

XJUI� PUIFS� XPSET
� UIF� NPSF� MJHIU� HPU� MPTU�� 'VSUIFSNPSF� UIF� TQFDUSB� MPPLFE� NVDI�

VOEJGGFSFOUJBUFE�JO�DPNQBSJTPO�UP�TUBUJDBMMZ�BDRVJSFE�POFT�PS�TQFDUSB�PG�B�MPXFS�OVNCFS�

PG�TDBOT�XJUI�UIF�TBNF�WFMPDJUZ�	DPNQBSF�UP�'JHVSF�$���
��"QQBSFOUMZ�UIF�DPVSTF�XBT�

DPSSVQUFE�XIFO�UPP�NBOZ�TDBOT�XFSF�UBLFO��
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Figure C-32: The average raw spectra of 5 scans taken with velocities between 100 to 300 

vials per minute. 

�

Figure C-33: With 8 scans per sample the lines were arranged in a clockwise manner. 

Already the spectra taken with velocities superior to 220 samples per minute were weighted 

differently in comparison to the other ones. 

5IF� GBTUFS� UIF�NPWJOH�TQFFE� UIF�IJHIFS�XBT�UIF�XFJHIU�PG� UIF�TDPSFT��"DUVBMMZ
� UIFSF�

BQQFBSFE� UP� CF� B� DBVTBM� SFMBUJPO� CFUXFFO� UIF� SPUBSZ� TQFFE� BOE� UIF� TDPSFT� BT� UIF�

TQFDUSB�BSF�TFQBSBUFE�BDDPSEJOH�UP�UIJT�PSEFS��
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Figure C-34: The PCA computed with spectra based on 6 scans reduced the scores scale to 

about the half. The sample sets measured with more than 260 per minute still showed the 

separation effect like in the setting with 8 scans. 

�

Figure C-35: With 5 scans the scale dimension was reduced again. As all the lines were 

superposed the velocity influence seemed to have disappeared. The distinctive quality 

found was now the water variation within one velocity series. 

8IFO�POMZ���TDBOT�QFS�TQFDUSVN�XFSF�UBLFO�UIF�JOGMVFODF�PG�UIF�WFMPDJUZ�BQQFBSFE�UP�

CF� OFHMJHJCMF�� 5IF� TBNF� FYQFSJNFOU� XBT� QFSGPSNFE�XJUI� UIF� PUIFS� WJBM� EJBNFUFST� BT�

XFMM��
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$����� $PODMVTJPOT�

*G� UIF� TQFDUSB� BDRVJTJUJPO� XBT� UJNF� JOEFQFOEFOU
� SFTVMUJOH� DBMJCSBUJPOT� XPVME� CF�

BQQMJDBCMF�GPS�BMM� UIF�WFMPDJUJFT��5IVT
�GPS�FBDI�WJBM�EJBNFUFS�UIF�OVNCFS�PG�TDBOT�XBT�

TFU�BDDPSEJOH�UP�UIF�DPNQVUFE�1$"T��-BUFS�PO
�BMM�UIF�EZOBNJD�TQFDUSB�PG�B�DFSUBJO�WJBM�

EJBNFUFS�XFSF� BMXBZT� UBLFO�XJUI� UIF� TBNF� OVNCFS� PG� TDBOT� BOE� UIF� TBNF� TQFDUSBM�

SBOHF�GSPN��
����UP��
����ON��

%JBNFUFS� ������NN� �����NN� �����NN� �����NN�

.BY�SPUBSZ�TQFFE�

<WJBMT�QFS�NJOVUF>�
���� ���� ���� ���

.BY��OVNCFS�PG�
TDBOT�QFS�BWFSBHF�

�� �� �� ���

Table C-18: Summary of the number of scans applied in the future with regard to the 

respective vial diameter, but without respect of the rotary speed. 
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$���7BMJEBUFE�RVBOUJUBUJWF�NPEFM�1SPEVDU�#�

2VBOUJUBUJWF� DBMJCSBUJPOT� SFRVJSF� FYIBVTUJWF� WBMJEBUJPO
� JODMVEJOH� UFTUT� GPS� BDDVSBDZ
�

QSFDJTJPO
� MJOFBSJUZ� BOE� SPCVTUOFTT�� 5IF� FYUFOE� PG� UIF� SFHVMBUPSZ� EFNBOET� TIPVME� CF�

EFNPOTUSBUFE�BU�UIF�FYBNQMF�PG�1SPEVDU�#�GPS�B�EZOBNJD�BOBMZTJT�BU�B�EFGBVMU�WFMPDJUZ�

PG�����TBNQMFT�QFS�NJOVUF��

5IF�RVBMJUBUJWF�NPEFM�GPS�1SPEVDU�#�FOBCMFE�UIF�JOTQFDUJPO�PG�FOUJSF�MPUT�GSPN�SPVUJOF�

QSPEVDUJPO� BOE� EFWFMPQNFOU�� "GUFSXBSET
� UIF� SFKFDUFE� WJBMT� CFDBNF� BWBJMBCMF� GPS�

GVSUIFS�NPEFMJOH�XPSL��"T�PSJHJOBM�WJBMT�XFSF�DPOTJEFSFE�BT�CFJOH�NPSF�SFQSFTFOUBUJWF�

UIBO� BSUJGJDJBMMZ�NBOJQVMBUFE� POFT
� JU� XBT� USJFE� UP� BWPJE� BT� GBS� BT� QPTTJCMF� UIF� VTF� PG�

QSFQBSFE� TBNQMFT�� 'PS� UIF� NFUIPE� EFWFMPQNFOU� TBNQMFT� PVU� PG� GJWF� CBUDIFT� PG� UIF�

SPVUJOF� QSPEVDUJPO� BOE� �� CBUDIFT� PG� UIF� TDBMF� VQ� EFQBSUNFOU� XFSF� JODMVEFE� UP�

FOIBODF� WBSJBCJMJUZ�� *O� PSEFS� UP� DPNQMFUF� B� IPNPHFOFPVT� EJTUSJCVUJPO� POMZ� ���

NPJTUVSJ[FE�TBNQMFT�XFSF�BEEFE�JO�UIF�SBOHF�PG�����UP�������XBUFS�DPOUFOU��

$����� 1SFDPOEJUJPOT�

"� /*34� RVBOUJGJDBUJPO� TIPVME� BMXBZT� JODMVEF� B� RVBMJGJDBUJPO� PG� UIF� TVJUBCJMJUZ� PG� UIF�

TBNQMF� UP�CF�RVBOUJGJFE�XJUI� UIF�QSPQPTFE�NFUIPE��5IJT�RVBMJGJDBUJPO�NFUIPE�TIPVME�

SFKFDU�TBNQMFT�UIBU�BSF�FJUIFS�PVU�PG�SBOHF�PS�PVU�PG�UIF�TQFDJGJDBUJPOT�PG�UIF�DBMJCSBUJPO��

5IVT
�QSJPS�UP�BOZ�RVBOUJGJDBUJPO�TBNQMF�JEFOUJGJDBUJPO�TIPVME�CF�QFSGPSNFE
�J�F��B�1$"�

DPVME�CF�DPNQVUFE�PO�UIF�CBTJT�PG�UIF�FOUJSF�DBMJCSBUJPO�TFU��5IF�SBOHF�PG�TJNJMBSJUZ�UP�

UIF�JEFOUJGJDBUJPO�TFU�DPVME�CF�BEKVTUFE�XJUI�UIF�.BIBMBOPCJT�EJTUBODF�BOE�TIPVME�CF�

WBMJEBUFE�BDDPSEJOH�XJUI�SFHBSE�UP�TQFDJGJDJUZ��

5P� JOUSPEVDF� OFX� NFUIPET� EFQMPZFE� QSPTQFDUJWFMZ� BT� BMUFSOBUJWF� UP� FTUBCMJTIFE�

QSPDFEVSFT
� TQFDJGJD� TUBUJTUJDBM� UFTUJOH� JT� SFRVJSFE� JO� UIF� WBMJEBUFE� FOWJSPONFOU��

"MUIPVHI� UIF� NPEFM� EFWFMPQNFOU� PG� 1-4� GFBUVSFT� JOUFSOBM� WBMJEBUJPO� UPPMT
� JU� XBT�

GPMMPXFE�CZ�GVSUIFS�HFOFSBMMZ�BDDFQUFE�TUBUJTUJDBM�UFTU�NFUIPET��5IF�EFUBJMFE�UFTU�UBCMFT�

BSF�HJWFO�JO�UIF�BQQFOEJY��
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$����� .FUIPE�EFWFMPQNFOU�

"MM� UIF�TBNQMFT� JO�UIJT�TFDUJPO�XFSF�NFBTVSFE�VOEFS� UIF�TBNF�DPOEJUJPOT��"�SFEVDFE�

TQFDUSBM� SBOHF� GSPN� �
���� UP� �
���� ON� XBT� TDBOOFE� �� UJNFT� BOE� BWFSBHFE� GPS� POF�

TQFDUSVN��"GUFS� JOUFSNFEJBUF� SPUBUJPO�BMM� UIF� TBNQMFT�NFBTVSFE� FJUIFS� UISFF� UJNFT�PS�

GPS�SFQFBUBCJMJUZ�UFTUT����UJNFT�CZ�/*3��5IF�TUBOEBSE�WFMPDJUZ�PO�UIF�TJNVMBUPS�XBT�TFU�UP�

����TBNQMFT�QFS�NJOVUF
�XJUI�SFTQFDU�UP�UIF�WBMJEBUFE�QSPEVDU�DPOEJUJPOT�JO�UIF�SPVUJOF�

QSPEVDUJPO��'PS�UIF�SPCVTUOFTT�UFTUJOH�POMZ
�UIF�TQFFE�PG�UIF�TUBSXIFFM�XBT�DIBOHFE��

$�������$BMJCSBUJPO�
5IF�DBMJCSBUJPO� SBOHF�TIPVME�CF�XJEFS� UIBO� UIF�TQFDJGJFE� SBOHF�	NBY�������
�BOE�OPU�

UPP� TNBMM� JO� WJFX�PG� UIF�BDDVSBDZ�PG� UIF� MBCPSBUPSZ� SFGFSFODF�NFUIPE��"DDPSEJOHMZ
�B�

DBMJCSBUJPO�SBOHF�GSPN�������������XBUFS�DPOUFOU�XBT�DPWFSFE�CZ�UIF�DBMJCSBUJPO�TFU��5IF�

����TBNQMFT�XFSF�TFMFDUFE�JO�TVDI�B�XBZ
�UIBU�UIF�NBKPS�QPQVMBUJPO�XBT�DPODFOUSBUFE�

JO� UIF� SBOHF� PG� IJHIFTU�QSFDJTJPO� SFRVJSFNFOUT�� 5IJT� DPODFSOFE� FTQFDJBMMZ� UIF� WBMVFT�

CFMPX�����XBUFS�DPOUFOU
�CFDBVTF�UIF�FYBDU�RVBOUJGJDBUJPO�PG�IJHIFS�004�TBNQMFT�XBT�

DPOTJEFSFE�CFJOH�PG�NJOPS�JNQPSUBODF��

¾ 1-4��NPEFM�QFSGPSNBODF�CZ�GVMM�DSPTT�WBMJEBUJPO�

5IF� TQFDUSB� XFSF� EFSJWFE� XJUI� B� �  
¡
� PSEFS� 4BWJU[LZ�(PMBZ� BOE� OJOF� BWFSBHFE� EBUB�

QPJOUT��5IFO
�B�1-4�XBT�DBMDVMBUFE�PO�UIF�DFOUFSFE�EBUB��'PS�FBDI�JUFSBUJWF�TUFQ�PG�UIF�

44$7
�BMM�UIF�UISFF�NFBTVSFNFOUT�PG�POF�TBNQMF�XFSF�UBLFO�PVU��

5IF� SFEVDUJPO� PG� UIF� TQFDUSBM� SBOHF� UP� �
���� UP� �
���� ON� JNQSPWFE� UIF� NPEFM�

QFSGPSNBODF�� 0OF� 1$�XBT� TVGGJDJFOU� GPS� UIF� DBMJCSBUJPO� CFODINBSLT� QMPUUFE� JO� 5BCMF�

$�����
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Figure C-36: Overview of the full cross validated calibration set for the quantitative model 

Product B. 

$BMJCSBUJPO�TFU�GPS�1SPEVDU�#�

4QFDUSBM�SBOHF� �
�������
����

&MFNFOUT� ����

.PJTUVSF�SBOHF� ����������

/P��PG�1$T� ��

4MPQF� �������

0GGTFU� �������

$PSSFMBUJPO� �������

4&$7� �������

#JBT� �����&���

Table C-19: Summary of the calibration of Product B. 

¾ "DDVSBDZ�CZ�NFUIPE�DPNQBSJTPO�

5IJT� WBMJEBUJPO� DSJUFSJPO� EFGJOFT� UIBU� UIF�NFBO� WBMVFT� PG� UIF�NFBTVSFNFOUT� PCUBJOFE�

XJUI� CPUI� UIF� NFUIPE� VOEFS� WBMJEBUJPO� BOE� BO� BMSFBEZ� WBMJEBUFE� SFGFSFODF� NFUIPE�

VTJOH� UIF� TBNF� TBNQMFT�NVTU� CF� FRVJWBMFOU�� &RVJWBMFODF� JT� QSPWFO�XJUI� B� TUBUJTUJDBM�

QSPCBCJMJUZ�PG������POF�TJEFE�DPOGJEFODF�CBOE�4UVEFOU�T�U�UFTU��5IF�EJGGFSFODF�CFUXFFO�

UIF� UXP� NFBOT� TIPVME� CF� XJUIJO� UIF� BDDFQUBODF� MJNJUT�� "T� FYQMBJOFE� JO� B� QSFWJPVT�
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DIBQUFS� UIF�BDDFQUBODF� MJNJU�PG� UIF� SFMBUJWF�NFUIPE�EJGGFSFODF�CFUXFFO�,'�BOE�/*3"�

GPS�1SPEVDU�#�XBT�TFU�UP�±���������

5IF�QSFEJDUFE�BOE� UIF�,'� UJUSBUFE�XBUFS�WBMVFT�XFSF�DPNQBSFE�CZ�B�QBJSFE�4UVEFOU�T��

U�UFTU��5IF�BDDVSBDZ�CZ�NFUIPE�DPNQBSJTPO�MFE�UP�UIF�SFTVMUT�QSFTFOUFE�JO�5BCMF�$�����

5IF� SFTVMU�PG� UIF�POF�TJEFE�QBJSFE� U�UFTU�XBT� JOGFSJPS� UP� UIF�DPSSFTQPOEJOH� MJNJU� GPS�B��

��� �� DPOGJEFODF� JOUFSWBM�� 5IF� SFMBUJWF� NFUIPE� EJGGFSFODF� DPSSFTQPOEFE� UP� UIF�

BDDFQUBODF�MJNJU
�BT�UIF�EJGGFSFODF�PG�UIF�NFBOT�XBT�CFMPX�±���������5IFSFGPSF�JU�DPVME�

CF�FTUJNBUFE�XJUI�B������QSPCBCJMJUZ�UIBU�UIF�/*3"�QSFEJDUJPO�XBT�FRVJWBMFOU�UP�UIF�,'�

UJUSBUJPO��

� ,'�SFTVMUT� /*3�QSFEJDUJPO�

.FBOT�<�>� ������ ������

4BNQMF�4%� ������ ������

4BNQMF�4% ² ³2´ �<�>� ������ ������

1PPMFE�4%� ������

0OF�TJEFE�QBJSFE�U�UFTU� ������

U�5FTU�BDDFQUBODF�MJNJU�GPS������
DPOGJEFODF�JOUFSWBM�

������

%JGGFSFODF�PG�NFBOT� ������&����

"DDFQUBODF�MJNJU�GPS�UIF�EJGGFSFODF�
	±��������PG�/*3�QSFEJDUJPO
�

�������UP�������

Table C-20: Statistical summary of the accuracy by method comparison assay. 

$�������7BMJEBUJPO�
¾ &YUFSOBM�MJOFBSJUZ�UFTU�

5IF� MJOFBSJUZ� UFTU�DPNQBSFT�UIF�SFTVMUT�PG� UXP�NFUIPET�CZ�QMPUUJOH�UIFN�BHBJOTU�FBDI�

PUIFS� JO� B� TDBUUFS� QMPU�� *G� UIF� QMPU� GPSNT� B� TUSBJHIU� MJOF� SFMBUJPOTIJQ
� UIFO� JU� DBO� CF�

BTTVNFE�UIBU�Z�EFQFOET�MJOFBSMZ�PO�Y��5IF�MJOFBSJUZ�JT�BTTFTTFE�CZ�UIF�NFUIPE�PG�MJOFBS�

SFHSFTTJPO��5IF�DMPTFS�UIF�QPJOUT�UP�UIF�TUSBJHIU�MJOF
�UIF�IJHIFS�UIF�MJOFBSJUZ�FYQSFTTFE�

JO� UFSNT�PG� UIF� DPFGGJDJFOU� PG� DPSSFMBUJPO�� 5IF� 1-4� JT� CZ�EFGJOJUJPO�B� MJOFBS� DBMJCSBUJPO�

NFUIPE� BOE� DPNQSJTFT� BVUPNBUJDBMMZ� B� DPSSFTQPOEJOH� UFTU� CZ� DPNQVUJOH� UIF�

DPSSFMBUJPO
�TMPQF�BOE�PGGTFU
�BT�HJWFO�BCPWF��5IVT
�B�WFSJGJDBUJPO�PG�UIF�MJOFBSJUZ�EVSJOH�
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UIF� WBMJEBUJPO�XBT� OPU� DPOTJEFSFE� BT� CFJOH� CFOFGJDJBM�� "MUFSOBUJWFMZ
� UIJT� QBUUFSO�XBT�

WFSJGJFE�JO�UIF�WBMJEBUJPO�TFU�BT�BO�BEEJUJPOBM�GFBUVSF��

5IF� DPODFOUSBUJPO� SBOHF� GPS� FWBMVBUJPO� PG� MJOFBSJUZ� TIPVME� DPWFS� UIF� QSPTQFDUJWFMZ�

FYQFDUFE� DPODFOUSBUJPO� MFWFM�� "DDPSEJOHMZ
� GPS� UIJT� WBMJEBUJPO� TUFQ� PG� UIF� NPEFM� BO�

JOEFQFOEFOU� TFU�XBT�DPNQPTFE�FNCSBDJOH�����FMFNFOUT� JO� UIF� SBOHF�PG� ���� �� ������

XBUFS� DPOUFOU�� 5IF� TQFDUSB� PG� UIFTF� TBNQMFT� XFSF� NBUIFNBUJDBMMZ� QSFUSFBUFE� JO� UIF�

TBNF�XBZ�BT�UIF�DBMJCSBUJPO�TFU��

�

Figure C-37: KF measured versus NIR predicted water values of the external validation set. 

5IF�QSFEJDUJPO�PG� UIF�VOLOPXO�TBNQMFT�SFTVMUFE� JO� UIF� SFBEJOHT�HJWFO� JO�5BCMF�$�����

5IF� USFOE�MJOF�'JHVSF�$����IBE�B�TMPQF�TMJHIUMZ�BCPWF�POF
� JOEJDBUJOH� SBUIFS�BO�PWFS��

UIBO�BO�VOEFSFTUJNBUJPO�PG� UIF� SFBM�XBUFS�DPOUFOU��$POTFRVFOUMZ
� GBMTF�CBE�EFDJTJPOT�

XFSF�NPSF�MJLFMZ�UIBO�GBMTF�HPPE�QSFEJDUJPOT��
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7BMJEBUJPO�TFU�GPS�1SPEVDU�#�

&MFNFOUT� ����

.PJTUVSF�SBOHF� ����������

4MPQF� ������

0GGTFU� ��������

$PSSFMBUJPO� ������

4&1� ������

#JBT� ������

Table C-21: Summary of the prediction results of the external validation set of Product B. 

5IF�4&1�PG�������XPVME�SFRVJSF�B�SPVOEFE�SFBEKVTUNFOU�PG�UIF�BDDFQUBODF�MJNJU�	"-
�UP�

������BDDPSEJOH�UP�UIF�GPMMPXJOH�GPSNVMB��

%5.23%3 =⋅−= 6(3$/ �

Equation C-9: Computation of the acceptance limit (AL) with a statistical 99 % confidence 

interval. 

*O�UIJT�DBTF
�UIF�BDDFQU�PS�SFKFDU�EFDJTJPO�PG�UIJT�RVBOUJUBUJWF�QSFEJDUJPO�NFUIPE�XPVME�

IBWF�B������DPOGJEFODF�JOUFSWBM��

¾ 1SFDJTJPO�CZ�SFQFBUBCJMJUZ�

5IF�QSFDJTJPO�PG�B�NFUIPE�JT�B�EFHSFF�PG�SFQSPEVDJCJMJUZ�BOE�JT�FYQSFTTFE�CZ�UIF�4%�PG�

B� OVNCFS� PG� SFQFBUFE�NFBTVSFNFOUT�� 5IF� UFTU� QBSBNFUFST� TIPVME� DPSSFTQPOE� UP� UIF�

BDUVBM�BOBMZTJT�DPOEJUJPOT��

5IF�GJSTU�UFTU�XBT�UP�QSPWF�UIF�SFQFBUBCJMJUZ�PO�POF�TBNQMF�NFBTVSFE����UJNFT��'PS�UIJT�

BTTBZ�UISFF�WJBMT�XJUI�EJGGFSFOU�NPJTUVSF�DPOUFOUT�XFSF�TFMFDUFE��0OF�JO�UIF�BSFB�PG�UIF�

NPTU�PGUFO�PDDVSSFODF�	_������

�BOPUIFS�POF�DMPTF�UP�UIF�NFBO�PG�DBMJCSBUJPO�	_����

�

BOE� UIF� UIJSE� POF� BU� UIF� BDDFQUBODF� MJNJU� 	_�� �
�� 'PS� UIF� TFDPOE� BTTBZ
� UIF�

SFQFBUBCJMJUZ�PO�TFWFSBM�TBNQMFT
� UISFF�NFBTVSJOH� SFQFUJUJPOT�PO����EJGGFSFOU� TBNQMFT�

XFSF�QFSGPSNFE��5P�DPWFS�BHBJO�B�CSPBE�EJTUSJCVUJPO
����WJBMT� GSPN����� UP�������XFSF�

TFMFDUFE��'PS�CPUI�UFTUT�UIF�SFMBUJWF�TBNQMF�4%�TIPVME�OPU�FYDFFE��������
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4BNQMF�
�

.FBO�QSFEJDUFE�Y µ �<�>�
�

4%�

[[ ¶ −
�

.FBO�4% · ¸�¹ <�>�
�

�� ������ ����&���� �������

�� ������ ����&���� �������

�� ������ ����&���� �������

Table C-22: Repeatability results of 10 measurements each performed on one sample of 

regular, intermediate, or high moisture content. 

4BNQMFT�

�

.FBO�QSFEJDUFE�Y µ �<�>�

�

4%�

[[ ¶ −
�

.FBO�4% · ¸�¹
XJUIJO�TBNQMF�<�>�

������� �������� ����&���� �������

Table C-23: Precision by repeatability assay of 3 measurements of 10 different samples 

spread over the calibration range. 

*O�BMM� UIF�DBTFT� UIF�BWFSBHF�4% º »�¼ �XBT�CFMPX�������BOE� UIFSFCZ�DPSSFTQPOEFE� UP� UIF�

BDDFQUBODF� MJNJU��"T� JU�TIPVME�CF�FYQFDUFE
� UIF� SFMBUJWF�WBSJBUJPO�XBT� UIF�HSFBUFTU� GPS�

MPX�XBUFS�WBMVFT
�BMUIPVHI�UIF�BCTPMVUF�4%�XBT�FWFO�MPXFS��

$����� 3PCVTUOFTT�UFTUJOH�

*U� JT�SFRVJSFE�UP�NJOJNJ[F�UIF�TZTUFN�T�TFOTJUJWJUZ�UP�DIBOHFT�JO�DFSUBJO�DSJUJDBM�GBDUPST��

5IF� PCKFDUJWF� PG� SPCVTUOFTT� UFTUJOH� JT� UP� EFTJHO� B� NPEFM
� TP� UIBU� JUT� QFSGPSNBODF�

SFNBJOT� TBUJTGBDUPSZ� FWFO� XIFO� TPNF� JOGMVFOUJBM� GBDUPST� BSF� BMMPXFE� UP� WBSZ�� "�

SPCVTUOFTT�UFTU�JT�VTVBMMZ�DBSSJFE�PVU�CFGPSF�UIF�SFMFBTF�PG�BO�BMNPTU�GJOJTIFE�BOBMZUJDBM�

TZTUFN
�BT�BO�VMUJNBUF�UFTU�UP�FOTVSF�RVBMJUZ��

%JGGFSFOU�DSJUJDBM�GBDUPST�PG�WBSJBCJMJUZ�XFSF�DPOTJEFSFE
�TVDI�BT�CBUDI�UP�CBUDI�QSPEVDU�

WBSJBUJPO
� UFNQFSBUVSF� BOE� NFBTVSJOH� WFMPDJUZ� DIBOHFT� BOE� EFWJBUJPOT� JO� UIF�

TQFDUSPNFUFS� QFSGPSNBODF�� %VSJOH� UIF� QFSJPE� PG� DBMJCSBUJPO
� PODF� XFFLMZ� B�

QFSGPSNBODF�UFTU�XBT�SVO�UP�FOTVSF�UIF�JOUFHSJUZ�PG�UIF�TQFDUSPNFUFS��5IJT�UFTU�JODMVEFE�

B�XBWFMFOHUI�BDDVSBDZ�BOE�SFQFBUBCJMJUZ�UFTU
�B�TQFDUSBM�OPJTF�UFTU�BOE�UIF�WFSJGJDBUJPO�

PG� UIF� JOUFSOBM� TFOTPST
� DPOUSPMMJOH�CFZPOE�PUIFST� UIF�FODMPTVSF� UFNQFSBUVSF�BOE� UIF�

MBNQ� JOUFOTJUZ�� 0OMZ� JG� UIF� TQFDJGJFE� DSJUFSJB� XFSF� NFU
� GVSUIFS� EBUB� BDRVJTJUJPO� XBT�

QFSGPSNFE�� 5IF� CBUDI� UP� CBUDI� WBSJBUJPO� XBT� BMSFBEZ� DPWFSFE� CZ� UIF� QSPDFEVSF� PG�

TBNQMF� TFMFDUJPO� GPS� FJUIFS
� UIF� DBMJCSBUJPO� BOE� UIF� WBMJEBUJPO� TFU�� 5IF� /*3�

NFBTVSFNFOUT�XFSF�DBSSJFE�PVU�BCPVU�B�UJNF�QFSJPE�PG���NPOUIT
�TP�UIBU�FOWJSPONFOUBM�
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F�H�� TFBTPOBM� DIBOHFT� TIPVME� CF� DBMJCSBUFE� JOUP� UIF� NPEFM�� "� QPUFOUJBM� ESJGU� PG� UIF�

TQFDUSPNFUFS�PS�UIF�JOGMVFODF�PG�BO�BHJOH�MBNQ�XBT�JODMVEFE�FRVBMMZ��

$�������5FNQFSBUVSF�JOGMVFODF�

/*3�JT�B�XBSNUI�SBEJBUJPO��#Z�EFGJOJUJPO�UIF�SBEJBUJPO�JT�XBSNJOH�VQ�UIF�BOBMZUF�CVU�UIF�

UFNQFSBUVSF�PG�UIF�TBNQMF�BOE�UIF�FOWJSPONFOU�DBO�SFBTPOBCMZ�IBWF�BO�JOGMVFODF�PO�

UIF�BDRVJSFE�TQFDUSVN�BT�XFMM�
�
�

'PS� UIF� MZPQIJMJ[BUFT� JO� RVFTUJPO� UXP� TDFOBSJPT� XFSF� QPTTJCMF�� *G� UIF� QSPEVDU� XBT�

VOMPBEFE�JNNFEJBUFMZ�BGUFS�UIF�FOE�PG�TFDPOEBSZ�ESZJOH
�UIF�TBNQMFT�XPVME�IBWF�UIF�

QSPDFTT� FOE� UFNQFSBUVSF�� #VU� EFQFOEJOH� PO� UIF� EBZUJNF� PG� UIF� FOEQPJOU� PG� UIF�

MZPQIJMJ[BUJPO�DZDMF� UIF�ESZFST�XFSF�VOMPBEFE�B�DPVQMF�PG�IPVST�VQ� UP� UXP�EBZT� MBUFS��

'PS�UIJT�DBTF
�FBDI�QSPEVDU�IBE�B�EFGJOFE�TUPSBHF�UFNQFSBUVSF
�WBSZJOH�GSPN���UP�����$��

� 1SPEVDU�"� 1SPEVDU�#� 1SPEVDU�$� 1SPEVDU�%�

4IFMG�UFNQFSBUVSF�

TFDPOEBSZ�ESZJOH�<�$>� ��� ��� ��� ���

4IFMG�UFNQFSBUVSF�

TUPSBHF�<�$>� ��� �� �� ���

Table C-24: Dryer-shelf temperatures according to the products. 

'PMMPXJOH�UP�UIF�EJTDIBSHF�PG�UIF�USBZT�PG�QSPEVDUT
�UIFZ�XFSF�FJUIFS�GJSTU�QVU�POUP�NFUBM�

USPMMFZT�PS�EJSFDUMZ�USBOTGFSSFE�UP�B�UVSOJOH�UBCMF��5IJT�UBCMF�GFE�UIF�WJBMT�UP�UIF�DSJNQJOH�

NBDIJOF� BOE� BGUFS� CFJOH� DBQQFE� UIF� DPOUBJOFST� GPMMPXFE� UIF� DPOWFZFS� CFMU� GPS� BOZ�

GVSUIFS� RVBMJUZ� DPOUSPM�� )FSF
� JO� GVUVSF� UIF� /*3� JOTQFDUJPO� TIPVME� CF� JOUSPEVDFE��

%FQFOEJOH� PO� UIF� QSFDPOEJUJPOT� UIF� TBNQMFT� UIFPSFUJDBMMZ� DPVME� BSSJWF�XJUI� EJGGFSFOU�

UFNQFSBUVSFT�� "DUVBM� UFNQFSBUVSF� NFBTVSFNFOUT� PO� UIF� SFTQFDUJWF� DPOWFZPS� CFMU�

EFNPOTUSBUFE�UIBU�EVSJOH�UIF�IBOEMJOH�UJNF�UIF�TBNQMFT�XFSF�BMSFBEZ�BEBQUFE�UP�UIF�

BNCJFOU�UFNQFSBUVSF��5ISPVHI�XJOUFS�BOE�TVNNFS�UIF� SPPNT�XFSF�BJS�DPOEJUJPOFE�UP�

���UP�����$
�TP�UIBU�OP�TFSJPVT�EFWJBUJPO�TIPVME�FWFS�BQQFBS��/FWFSUIFMFTT
�JU�XBT�USJFE�

UP�RVBOUJGZ�UIF�JNQBDU�PG�UFNQFSBUVSF�WBSJBUJPOT�PO�UIF�QSFDJTJPO�PG�UIF�/*3�BOBMZTJT��

¾ 1SPDFEVSF�

5FO�WJBMT�XFSF�TUPSFE�GPS�BU�MFBTU�UISFF�EBZT�JO�B�VTVBM�SFGSJHFSBUPS�BU�BCPVU��������$�UP�

BTTVSF� UIFZ� XFSF� DPNQMFUFMZ� DIJMMFE�� 5IF� TBNQMFT� XFSF� UBLFO� PGG� BOE� JNNFEJBUFMZ�
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DIBSHFE�PO� UIF�TJNVMBUPS�T�TUBSXIFFM��5IF�TBNQMFT�XFSF�NFBTVSFE�DPOUJOVPVTMZ�VOUJM�

UIFZ� UPPL�BNCJFOU� UFNQFSBUVSF
�XIBU� UPPL�B�QFSJPE�PG�BCPVU����NJOVUFT��5IF�TBNQMF�

UFNQFSBUVSF�XBT�EFUFSNJOFE�CZ�B�DPOUBDUMFTT� JOGSBSFE� UIFSNPNFUFS� 	-VUSPO�5.����
��

5IF� BDDVSBUF� UFNQFSBUVSF� EFUFSNJOBUJPO� BQQFBSFE� UP� CF� EJGGJDVMU
� BT� UIF� SF�XBSNJOH�

UJNF�PG�UIF�WJBMT�XBT�TIPSU�BOE�UIF�TUBSXIFFM�XBT�BMXBZT�JO�SPUBUJPO��

5JNF�<NJO>� .FBTVSFNFOU� 5FNQFSBUVSF�<�$>�

�� �� ��

�� ��� ��

��� ��� ���

��� ��� ���

Table C-25: Approximate re-warming time and the corresponding number of measurements. 

¾ 3FTVMUT�

%VSJOH� UIF����NJOVUFT� UIF����TBNQMFT�XFSF�NFBTVSFE���� UJNFT��5IF�WBSJBUJPO�PG� UIF�

DPSSFTQPOEJOH� QSFEJDUJPO� WBMVFT� TIPXFE� TMJHIUMZ� IJHIFS� SFTVMUT� DPNQBSFE� UP� UIPTF�

PCUBJOFE� JO� VTVBM� SFQFBUBCJMJUZ� UFTUT� XJUI� B� DPOTUBOU� SPUBUJPO� WFMPDJUZ� 	BWFSBHF� 4%�

����&���
�� 5IF� MPX� DPSSFMBUJPO� DPFGGJDJFOU� PG� UIF� SFHSFTTJPO� MJOFT� JO� 'JHVSF� $����

JOEJDBUFE� UIF� OFHMJHJCMF� SFMFWBODF� PG� UIF� BQQBSFOU� TMPQF� TFFNJOHMZ� EVF� UP� UIF�

UFNQFSBUVSF��

5P� JEFOUJGZ� B� QPUFOUJBM� ESJGU� JO� UIF� EBUB� EFQFOEJOH� PO� UIF� UFNQFSBUVSF� JODSFBTF
� BO�

"/07"� UFTU�XJUI�����VODFSUBJOUZ�XBT� GJSTU� QFSGPSNFE�PO�BMM� ���NFBTVSFNFOUT��)FSF�

POMZ�UIF�SFTVMUT�PG�B�SFEVDFE�EBUB�TFU�	FWFSZ��
¡ ½
�NFBTVSFNFOU
�XFSF�QMPUUFE��/POF�PG�

UIFN� JOEJDBUFE�BOZ� SFMFWBOU�EJGGFSFODF�CFUXFFO�UIF�TVDDFTTJWF�NFBTVSFNFOUT�PG�POF�

TBNQMF�BT�UIF�WBMVF�'�XBT�JOGFSJPS�UP�' ¾�º ¿ ¡ ¿ ¾�À�¼ �	5BCMF�$���
��
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Figure C-38: The water content of three representative samples was plotted against the 50 

measurements taken within 15 minutes. The lines may suggest a slight upward trend, but 

the low correlation indicated a very poor significance. 

46.."3:� � � � �

(SPVQT� $PVOU� 4VN� "WFSBHF� 7BSJBODF�

.FBTVSFNFOU��� ��� ������ ������� ���������

.FBTVSFNFOU��� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

.FBTVSFNFOU���� ��� ������ ������� ���������

� � � � �
"/07"�SFTVMUT� � � � �

4PVSDF�PG�7BSJBUJPO� 44� EG� .4� '� 1�WBMVF� ' Á
· µ Â µ Á>Ã�¹ �
#FUXFFO�.FBTVSFNFOUT� ��������� �� ��������� ��������� ��������� ���������

Table C-26: The ANOVA analysis results with a single variation factor performed for 10 of 

the 50 measurements of 10 samples. With SS = sum of squares, df = degrees of freedom, 

MS = mean sum of squares, F = test statistic, P-value = correlation coefficient, and  

Fcritical = acceptance limit of the test statistic. 
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¾ %JTDVTTJPO�

"U� MFBTU� ��� NJOVUFT� FMBQTFE� GPS� UIF� IBOEMJOH� PG� UIF� TBNQMFT� GSPN� UIF� QSPEVDU�

EJTDIBSHF� JO� UIF� TUFSJMF� SPPN� UP� UIF� DPOWFZPS� CFMU� PVUTJEF�� 'VSUIFSNPSF
� UIF� TBNQMFT�

XPVME� CF� JO� DPOUBDU� XJUI� XBSN� QMBOU� QBSUT� BOE� TVCKFDU� UP� TPNF� NFDIBOJDBM� TUSFTT�

XIFO�UIFZ�XFSF�TUBOEJOH�PO�UIF�SPUBUJOH�UBCMF�BOE�XFSF�DSJNQFE�BGUFSXBSET��5IVT
�UIF�

SF�XBSNJOH�UJNF�XBT�JO�SFBM�MJGF�NVDI�TIPSUFS�UIBO�JO�UIF�FYQFSJNFOU��

)PXFWFS
� JU� DPVME� CF� TIPXO� CZ� UIF� FYQFSJNFOU�XJUI� BO� FSSPS� QSPCBCJMJUZ� PG� ���� UIBU�

UIFSF�XBT�OP�SFMBUJPO�CFUXFFO�UIF�TBNQMF�UFNQFSBUVSF�XJUIJO���BOE�����$�BOE�UIF�/*3�

QSFEJDUJPOT� PO� UIF� TJNVMBUPS�� 5FNQFSBUVSF� WBSJBUJPOT� XFSF� FWFO� MPXFS� JO� SFBMJUZ� BOE�

UIVT�B�DPOTJEFSBUJPO�PG�UIJT�JNQBDU�GBDUPS�XBT�OFHMJHJCMF�GPS�UIJT�BQQMJDBUJPO��

$�������.FBTVSJOH�WFMPDJUZ�

8JUIJO� POF� QSPEVDU� UIF� QSPEVDUJPO� TUSFBN� TQFFE� DPVME� WBSZ� EFQFOEJOH� PO� UIF�

GPMMPXJOH� JOTQFDUJPOT� PS� EVF� UP� BOZ� PUIFS� UFDIOJDBM� EFWJBUJPO�� 5IFO
� UIF� JO�MJOF� /*3�

JOTQFDUJPO�TIPVME�OPU�CF�JOGMVFODFE�CZ�UIJT�QBSBNFUFS
�CVU�XJUIJO�B�DFSUBJO�SBOHF�TUJMM�

HJWF�UIF�TBNF�SFTVMUT��

¾ 1SPDFEVSF�

*O�DBTF�PG�B�NBOVBM�WJTVBM�JOTQFDUJPO�UIF�MJOF�WFMPDJUZ�XPVME�POMZ�CF�����TBNQMFT�QFS�

NJOVUF��5IF�WBMJEBUFE�TQFFE�GPS�UIF�BVUPNBUFE�JOTQFDUJPO�JOTUFBE
�XBT�����QFS�NJOVUF��

/FWFSUIFMFTT�UIJT�NFUIPE�TIPVME�TUJMM�IBWF�TPNF�QPUFOUJBM�GPS�GVSUIFS�BDDFMFSBUJPO��'PS�

UIFTF� SFBTPOT� �� EJGGFSFOU� WFMPDJUJFT
� ���
� ���
� ���� BOE� ���� WJBMT� QFS� NJOVUF� XFSF�

JOWFTUJHBUFE�� 5P� HJWF� SFQSFTFOUBUJWF� SFTVMUT
� UIF� TBNF� ��� WJBMT� BT� JO� UIF� SFQFBUBCJMJUZ�

TUVEZ� PO� TFWFSBM� TBNQMFT� XJUI� XBUFS� DPOUFOUT� EJTUSJCVUFE� PWFS� UIF� DBMJCSBUJPO� SBOHF�

XFSF�VUJMJ[FE��"DDFTTPSJMZ
�UIF�DPOUBJOFST�XFSF�SPUBUFE�CFUXFFO�UIF�NFBTVSFNFOUT��

¾ 3FTVMUT�

5IF�EJGGFSFOU�WFMPDJUJFT�DPVME�CF�SFHBSEFE�BT�B�SFQSPEVDJCJMJUZ�TUVEZ��3FQSPEVDJCJMJUZ�JT�

EFGJOFE�BT�B�SFQFBUBCJMJUZ�UFTU
�XIFSFBT�POF�PS�TFWFSBM�BOBMZTJT�QBSBNFUFST�BSF�WBSJFE��

5IVT
� UIF� TBNF� NFUIPE� BT� JO� UIF� WBMJEBUJPO� TFDUJPO� PG� UIF� SFQFBUBCJMJUZ� PO� TFWFSBM�

TBNQMFT� XBT� BQQMJFE�� 5IF� BDDFQUBODF� MJNJU� XBT� FRVBMMZ� B� NBYJNBM� NFBO� SFMBUJWF�

TUBOEBSE�EFWJBUJPO�PG��������*G�UIF�EFWJBUJPO�CFUXFFO�UIF�QSFEJDUJPOT�XBT�UIF�TBNF�BT�



$���7BMJEBUFE�RVBOUJUBUJWF�NPEFM�1SPEVDU�#�

� ����

JO�UIF�VQQFS�TFDUJPO
�UIF�JOGMVFODF�PG�DIBOHJOH�UIF�UVSOJOH�TQFFE�XPVME�CF�FRVJWBMFOU�

UP�UIF�SFQFBUFE�NFBTVSFNFOU�PO�B�SPUBUFE�TBNQMF�BU�B�DPOTUBOU�TQFFE��

4BNQMF�
�

.FBO�QSFEJDUFE�Y µ �<�>�
�

4%��

ÄÄ [[ −
�

4% · ¸�¹ �XJUIJO�TBNQMF�<�>�
�

������ ������ ����&���� �����

Table C-27: All the 10 samples were measured at each of the 4 velocities from 100 to 300 

samples per minute and then predicted. The plotted SD is the average of the within sample 

SDs. 

¾ %JTDVTTJPO�

"MUIPVHI� UIF� TBNF� TBNQMFT�BT� JO� UIF� QSFDJTJPO�CZ� SFQFBUBCJMJUZ� TFDUJPO� 	5BCMF�$���
�

XFSF�DPOTJEFSFE�UIF�QSFEJDUFE�NFBO�DPOUFOU�BT�XFMM�BT�UIF�4%�BOE�4% º »�¼ �XFSF�IJHIFS�
JO� UIF� WFMPDJUZ� USJBM�� 5IF� IJHIFTU� 4%� BQQFBSFE� XJUIJO� UIF�NFBTVSFNFOUT� PO� TBNQMFT�

XJUI�QSFEJDUFE�XBUFS�DPOUFOUT�CFMPX������

5IF�NFBO�PG�UIF�4% º »�¼ �XBT��������BOE�UIFSFCZ�TUJMM�GVMGJMMFE�UIF�BDDFQUBODF�MJNJU�PG�����

���/FWFSUIFMFTT�UIFZ�XFSF�OPU�FRVJWBMFOU�UP�UIF�SFBEJOHT�PG�UIF�QSFWJPVT�SFQFBUBCJMJUZ�

UFTU�XJUI�B�DPOTUBOU� TQFFE��.PTUMZ
� JU�XBT� UIF�NFBTVSFNFOU�XJUI� UIF�IJHIFTU� WFMPDJUZ�

	������NJO
� UIBU� SFTVMUFE� JO� UIF�IJHIFTU�4%�� *G�POMZ� UIFTF�WBMVFT�XFSF� MFGU�PVU
� UIF�4%�

XPVME� SFEVDF� UP� ����&���� BOE� UIF� 4% º »�¼ � UP� ������
� TVGGJDJFOU� UP� DPNQMZ�XJUI�B� U�UFTU��

6OEFS� UIFTF� MJNJUFE� DPOEJUJPOT� XJUI� B� ��� �� DPOGJEFODF� JOUFSWBM� OP� TJHOJGJDBOU�

EFWJBUJPOT�DPVME�CF�JEFOUJGJFE�CFUXFFO�B�VTVBM�SFQFBUBCJMJUZ�BOE�UIF�WFMPDJUZ�USJBM��

4BNQMF�

�

.FBO�QSFEJDUFE�Y µ �<�>�

�

4%�

ÅÅ [[ −
�

4% · ¸�¹ �XJUIJO�TBNQMF�<�>�

�

������� ������ ����&���� �����

Table C-28: Table equivalent to Table C-27 without the highest measurement velocity of 300 

samples per minute. 
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� 3FQFBUBCJMJUZ� 3PCVTUOFTT�

.FBOT�<�>� ������ ������

4BNQMF�4%� ����&���� ����&���

4BNQMF�4% ² ³2´ �<�>� ����� �����

1PPMFE�4%� ����&����

0OF�TJEFE�QBJSFE�U�UFTU� ����&����

U�5FTU�BDDFQUBODF�MJNJU�GPS������
DPOGJEFODF�JOUFSWBM�

������

%JGGFSFODF�PG�NFBOT� ����&����

"DDFQUBODF�MJNJU�GPS�UIF�EJGGFSFODF��
	±��������PG�/*3�QSFEJDUJPO
�

������&����UP������&����

Table C-29: The results of the repeatability test at a constant rotational speed with 270 / min 

were assessed with those of the velocity trial. The corresponding SDs were compared by a 

Student’s t-test with 95 % confidence interval, and the means with an acceptance limit for 

the difference of maximal 2.0 %. Both results matched to the requirements. 

$����� $PODMVTJPOT�

#Z�VTF�PG�WJSUVBMMZ�POMZ�PSJHJOBM�TBNQMFT�DPMMFDUFE�EVSJOH�TFWFSBM�NPOUIT�JU�XBT�QPTTJCMF�

UP�DPNQVUF�B�RVBOUJUBUJWF�/*3�NPEFM�SFRVJSJOH�POMZ�POF�1$�TIPXJOH�HPPE�QFSGPSNBODF�

JO� UIF� 1-4� WBMJEBUJPO� UPPMT�� 'VSUIFSNPSF
� HFOFSBMMZ� SFDPHOJ[FE� TUBUJTUJD�NFUIPET�XFSF�

BQQMJFE�UP�WFSJGZ�UIF�JOUFHSJUZ�PG�UIF�DBMJCSBUJPO��'JSTU�PG�BMM
�UIF�BDDVSBDZ�XBT�TIPXO�CZ�

UIF� DPNQBSJTPO� PG� ,'� UJUSBUJPO� BOE� /*3"�� 5IF� TZTUFN� XBT� UIFO� DIBMMFOHFE� CZ� BO�

FYUFSOBM�WBMJEBUJPO�TFU�EFNPOTUSBUJOH�CPUI�MJOFBSJUZ�BOE�QSFDJTJPO�CZ�SFQFBUBCJMJUZ��

'PS�SPCVTUOFTT�UFTUJOH�UFNQFSBUVSF�WBSJBUJPOT�BOE�DIBOHFT�JO�NFBTVSJOH�WFMPDJUZ�XFSF�

DPOTJEFSFE��*U�DPVME�CF�EFNPOTUSBUFE�UIBU�VOEFS�SFHVMBS�DPOUSPMMFE�QSPDFTT�DPOEJUJPOT�

UIFSF�XBT�OP� JNQBDU�PO� UIF�BDDVSBDZ�PG� UIF�/*3�EFUFSNJOBUJPO� FYQFDUFE�� 5IF�XJUIJO�

TBNQMF�EFWJBUJPO�PG�NFBTVSJOH�TQFFET�CFUXFFO�����BOE�����TBNQMFT�QFS�NJOVUF�XBT�

DPNQBSBCMF�UP�B�VTVBM�SFQFBUBCJMJUZ�BTTBZ�BU�DPOTUBOU�DJSDVNTUBODFT��#VU�UIF�FYDFTT�PG�

UIJT�SBOHF�DPVME�OPU�CF�JODMVEFE�UP�UIF�WBMJEBUJPO��

*U� UVSOFE� PVU� UIBU� MPX� NPJTUVSF� DPOUFOUT� MFE� UP� IJHI� SFMBUJWF� EFWJBUJPOT
� QPUFOUJBMMZ�

DPSSVQUJOH� UIJT� WBMJEBUJPO� TUFQ�� 5IJT� FGGFDU� DPVME� CF� DJSDVNWFOU� JG� UIF� WBMJEBUJPO�XBT�

SFEVDFE�UP�B�TDBMF�PG�XBUFS�DPOUFOUT�F�H��BCPWF��������"T�UIF�BDDVSBUF�EFUFSNJOBUJPO�PG�
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UIF�WBMVFT�CFMPX�����XFSF�OPU�PG�FTTFOUJBM� JNQPSUBODF� JO� UIJT�BQQMJDBUJPO
� UIJT�XPVME�

OPU�SFEVDF�UIF�VTFGVMOFTT�PG�UIF�NFUIPE��

"MM� UPHFUIFS
� UIF� RVBOUJUBUJWF� NPEFM� 1SPEVDU� #� XBT� GBTU� BOE� SPCVTU
� CVU� SFRVJSFE�

FOPSNPVT�FGGPSUT� JO�CPUI� DBMJCSBUJPO�BOE� WBMJEBUJPO�XPSL�PWFS� B� MPOH� UJNF� TDBMF�� 5IJT�

JOWFTUNFOU� EJE� OPU� TFFN� UP� CF� KVTUJGJFE� JO� FWFSZ� BQQMJDBUJPO� BSFB
� CVU� POMZ� JG�

JNQFSBUJWFMZ�BO�FYBDU�RVBOUJUBUJWF�WBMVF�XBT�SFRVJSFE��
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�
�:PVOH�$�"�
�,OVUTPO�,�
�.JMMFS�+�%��4JHOJGJDBODF�PG�5FNQFSBUVSF�$POUSPM�JO�'5�/*3�4QFDUSPNFUFST
�

"QQMJFE�TQFDUSPTDPQZ
���
�/P���
������
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$���2VBOUJUBUJWF�NPEFM�1SPEVDU�$�����NH�

$����� 4DPQF�

5IF�QFSGPSNBODF�PG�UIF�QSPDFTT�TJNVMBUPS�BOE�UIF�JO�MJOF�TPGUXBSF�TIPVME�CF�FWBMVBUFE�

JO� SFBM� MJGF� DPOEJUJPOT�XJUI� B� UPUBM� BU�MJOF� JOTQFDUJPO�PG� B� SFHVMBS�CBUDI� JO� QSPEVDUJPO�

FOWJSPONFOU��'VSUIFSNPSF�B�CFUUFS�JOTJHIU�JO�UIF�XBUFS�EJTUSJCVUJPO�PWFS�BO�FOUJSF�MPU�PG�

BOPUIFS�QSPEVDU�DPVME�CF�HBJOFE��

$����� $POUSPM�BOE�DBMJCSBUJPO�

0SJHJOBM� BOE� BSUJGJDJBMMZ� NPEJGJFE� TBNQMFT� PG� 1SPEVDU� $� ���� NH� XFSF� QSFQBSFE�� 5P�

DPNQFOTBUF� GPS� TVSGBDF�QIFOPNFOB
�BMM�PG� UIFN�XFSF�NFBTVSFE��� UJNFT�CZ�/*3��5IF�

SBOHF�PG��
�������
����ON�XBT�TDBOOFE���UJNFT�PO�FBDI�NPWJOH�WJBM�XJUI�BO�JODSFNFOU�

PG� �� ON�� #FUXFFO� UIF�NFBTVSFNFOUT� UIF� TBNQMFT�XFSF� SPUBUFE
� TP� UIBU� ���� TQFDUSB�

XFSF�PCUBJOFE��5IFTF�TQFDUSB�XFSF�EJWJEFE� JOUP� UXP�HSPVQT�� GPS�DBMJCSBUJPO�B�TFU�XJUI�

JOJUJBMMZ����FRVBMMZ�EJTUSJCVUFE�TBNQMFT�XJUI�XBUFS�DPOUFOUT�SBOHJOH�GSPN����� UP������
�

BOE� GPS� WBMJEBUJPO
� B� TFU� DPNQSJTFE� ��� TBNQMFT� XJUI� XBUFS� DPOUFOUT� CFUXFFO� ���� UP��

������BDDPSEJOH�UP�,'�UJUSBUJPO��%VSJOH�UIF�FWBMVBUJPO�QIBTF�FJHIU�PVUMJFST�BQQFBSJOH�JO�

UIF� DBMJCSBUJPO� TFU� XFSF� FYDMVEFE
� TP� UIBU� ���� TQFDUSB� SFNBJOFE�� 5IF� SFTVMUT� PG� UIF�

SFGFSFODF�BOBMZTJT�BSF�HJWFO�JO�UIF�BQQFOEJY��

�

Figure C-39: Histogram of the calibration set. 
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Figure C-40: Histogram of the validation set. 

"T�RVBOUJGJDBUJPO�TIPVME�BMXBZT�JODMVEF�B�RVBMJGJDBUJPO�PG�UIF�TVJUBCJMJUZ�PG�UIF�TBNQMF�

UP� CF� RVBOUJGJFE
� QSJPS� UP� BOZ� XBUFS� EFUFSNJOBUJPO� CZ� B� 1-4� NPEFM� B� TBNQMF�

JEFOUJGJDBUJPO� CZ� B� 1$"� IBE� UP� CF� QFSGPSNFE�� #PUI� PG� UIFN� XPVME� SFRVJSF� B�

NBUIFNBUJDBM� QSFUSFBUNFOU� PG� UIF� TQFDUSBM� EBUB�� 5P� PCUBJO� SPCVTU� TBNQMF� SFDPHOJUJPO�

QBUUFSOT�B�TBNQMF�JOEFQFOEFOU�QSFUSFBUNFOU�XBT�QSFGFSSFE���

'PS�UIF�RVBOUJUBUJWF�1-4�NPEFM�B�44$7�XBT�TFMFDUFE
�UBLJOH�PVU�BMXBZT�BMM�PG�UIF�UISFF�

TQFDUSB�DPSSFTQPOEJOH�UP�POF�TBNQMF�PVU��"��  
¡
�PSEFS�4BWJU[LZ�(PMBZ�EFSJWBUJWF�XJUI�B�

TNPPUIJOH� PWFS� �� EBUB� QPJOUT� HBWF� UIF� CFTU� CFODINBSLT�� "GUFSXBSET
� UIJT� NPTU�

QSPNJTJOH�NPEFM�XBT�DIBMMFOHFE�CZ� UIF� JOEFQFOEFOU�WBMJEBUJPO�TFU��5IF�4&1�BOE�UIF�

JODMVEFE�CJBT�XFSF�DBMDVMBUFE��

5IF�1$"�XBT�DPNQVUFE�TJNJMBS�UP�UIF�1-4�XJUI�UIF�TBNF�EBUB�QSFUSFBUNFOU�CVU�SFMZJOH�

PO�UIF�FOUJSF�TQFDUSB�EBUB�CBTF��5IF�1$"�XBT� MPBEFE�UP�BO�PO�MJOF�TPGUXBSF�BOE�UIF�

.BIBMBOPCJT�EJTUBODF�GPS�UIF�JEFOUJGJDBUJPO�XBT�BEKVTUFE�UP�������
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Figure C-41: Model overview for Product C quantification. 

$BMJCSBUJPO�TFU�GPS�1SPEVDU�$�

4QFDUSBM�SBOHF� �
�������
����

&MFNFOUT� ����

.PJTUVSF�SBOHF� ����������

/P��PG�1$T� ��

4MPQF� �������

0GGTFU� �������

$PSSFMBUJPO� �������

4&$7� �������

#JBT� ����F���

&YUFSOBM�WBMJEBUJPO�TFU�

4&1� �������

#JBT� �������

Table C-30: Summary of the experimental model of Product C 150 mg. 
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Figure C-42: Predicted versus measured plot of the independent validation set. 

$����� "U�MJOF�JOTQFDUJPO�

$�������1SPDFEVSF�
6TVBMMZ
�UIF�BDDFQUBODF�MJNJU�JT�DBMDVMBUFE�BDDPSEJOH�UP�UIF�4&1�PG�UIF�VTFE�DBMJCSBUJPO�

	TFF�$���7BMJEBUFE�RVBMJGJDBUJPO�PG�1SPEVDU�#�WJBMT
��3FEVDJOH�UIF�PGGJDJBM�SFMFBTF�MJNJU�PG�

���� CZ� �� UJNFT� UIF� 4&1�XPVME� DPSSFTQPOE� UP� B� ����� DPOGJEFODF� JOUFSWBM�� 5IVT
� UIF�

BDDFQUBODF�MJNJU�XBT�SFEVDFE�UP��������'SFRVFOU�UJUSBUJPOT�PG�PSJHJOBM�1SPEVDU�$�����NH�

TBNQMFT� EFNPOTUSBUFE� UZQJDBM� XBUFS� DPOUFOU� CFMPX� �� ��� "DUVBMMZ
� POMZ� GFX� VOVTVBM�

WJBMT�XFSF�FYQFDUFE�BU�IJHIFS� WBMVFT
�CFJOH�PG�QBSUJDVMBS� JOUFSFTU� UP� MFBSO�NPSF�BCPVU�

UIF�QSPEVDU��

5IF� UBSHFU� PG� B� GVUVSF� JO�MJOF� DPOUSPM� XBT� QSJNBSJMZ� UIF� EFUFDUJPO� PG� TBNQMFT� XJUI�

NPJTUVSF� DPOUFOUT� IJHIFS� UIBO� ���� UIBU� DPVME� OPU� CF� SFDPHOJ[FE� WJTVBMMZ�� &YUFSOBMMZ�

EJSUZ�PS�CSPLFO�WJBMT
�BT�XFMM�BT�NFMUCBDLT�EJE�OPU�CFMPOH�UP�UIJT� UBSHFU��/FWFSUIFMFTT
�

HMBTT� CSFBLBHF� XBT� EFUFDUFE� CFDBVTF� PG� BO� JODSFBTFE� XBUFS� DPOUFOU� PG� UIF�

IZHSPTDPQJD� MZPQIJMJ[FE� DBLF�� 6TVBMMZ
� NFMUCBDLT� XFSF� SFKFDUFE� BT� XFMM
� TJODF� UIJT�

QIFOPNFOPO�JT�QSPQPSUJPOBM�UP�UIF�NPJTUVSF�DPOUFOU�JO�UIF�USBOTJUJPO�PG�UIF�QSJNBSZ�UP�

UIF�TFDPOEBSZ�ESZJOH�TUFQ��
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$�������3FTVMUT�PG�UIF�BU�MJOF�JOTQFDUJPO�
%VSJOH� UIF� BU�MJOF� JOTQFDUJPO� BMUPHFUIFS� ��
���� TBNQMFT� XFSF� NFBTVSFE� CZ� /*3���

������ �� 	FRVJWBMFOU� UP� ��
���� TBNQMFT
� PG� UIF� BOBMZ[FE� WJBMT� XFSF� EFUFDUFE� BT��

1SPEVDU� $� ���� NH� XJUIJO� UIF� BDDFQUBODF� MJNJUT
� XIJDI� XBT� B� QSPPG� GPS� B� SPCVTU�

MZPQIJMJ[BUJPO�DZDMF��

��������PG� UIF� ��
���� QSFEJDUFE�XBUFS� DPOUFOUT�XFSF� WBMVFT�CFUXFFO����� BOE� �����
�

BOE� UIF� PWFSBMM� BWFSBHF� XBT� ���� ��� 5IF� UIFSFCZ� JODMVEFE� ��� SFKFDUT� XFSF� WJTVBMMZ�

HSPVQFE�JOUP�NFMUCBDLT�BOE�HMBTT�CSFBLBHF
�UIF�SFTU�XBT�DIFDLFE�CZ�UIF�QSPGFTTJPOBM�

WJTVBM� JOTQFDUPST� GPS� BOZ� EJTUJODUJWF� GFBUVSF�� "T� UIFSF� XBT� OPUIJOH� PCKFDUFE
� JU� XBT�

BTTVNFE� UIFZ� OPSNBMMZ� XPVME� OPU� CF� OPUJDFE�� 5P� DPOGJSN� UIF� /*3� SFTVMUT� UIFZ� XFSF�

GJOBMMZ�,'�UJUSBUFE��

���PG�UIF�JOTQFDUFE�TBNQMFT�XFSF�OPU�EFUFDUFE�BT�CFMPOHJOH�UP�UIF�RVBMJUBUJWF�HSPVQ�PG�

1SPEVDU�$�����NH
�CVU�XFSF�BTTJHOFE�UP�UIF�PVUMJFST��5IJT�XBT�NBJOMZ�EVF�UP�NFMUCBDLT�

BOE�HMBTT�CSFBLBHF��0OF�NPSF�WJBM�XBT�DPNQMFUFMZ�QZSPMZ[FE�BOE�BMNPTU�FNQUZ��5ISFF�

PG�UIF�PVUMJFST�XFSF�FYDFQUJPOBMMZ�DSZTUBMMJ[FE�PO�UIF�CPUUPN�PG�UIF�QSPEVDU�DBLF��

� /VNCFS� "NPVOU�JO�<�>�

*OTQFDUFE�WJBMT�JO�UPUBM� ��
���� �������

3FDPHOJ[FE�BT�1SPEVDU�$�JO�UPUBM� ��
���� ������

8BUFS�DPOUFOU��������� ��
���� ������

8BUFS�DPOUFOU���������SFKFDUFE�� ��� �����

• (PPE�WJTVBM�BQQFBSBODF� ��� �����

• .FMUCBDL� ��� �����

• #SFBLBHF�PG�HMBTT� ��� �����

"WFSBHF�QSFEJDUFE�XBUFS�DPOUFOU��������������������������������������������������������������

Table C-31: Summary of all the vials being detected as Product C 150 mg. 
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� /VNCFS� "NPVOU�JO�<�>�

0VUMJFST�JO�UPUBM�� ��� �����

• .FMUCBDL� ��� �����

• #SFBLBHF�PG�HMBTT� �� �����

• $SZTUBMMJ[FE�CPUUPN� �� �����

1ZSPMZ[FE� �� �����

Table C-32: Summary of all the outliers being detected during the inspection. 

� /*3"�QSFEJDUFE�<�>� ,'�UJUSBUFE�<�>� %FWJBUJPO�

3FKFDUFE���������HPPE�WJTVBM�BQQFBSBODF�

3FKFDU������� ���� ���� ����

3FKFDU�������� ���� ���� ����

3FKFDU�������� ���� ���� ����

3FKFDU�������� ���� ���� ����

3FKFDU�������� ���� ���� ����

3FKFDU�������� ���� ���� ����

3FKFDU�������� ���� ���� ����

3FKFDU�������� ���� ���� ����

3FKFDU�������� ���� ���� ������

3FKFDU�������� ���� ���� ����

0VUMJFST�XJUI�DSZTUBMMJ[FE�CPUUPN�

0VUMJFS����� ��� ����� �

0VUMJFS������ ��� ����� �

0VUMJFS������ ��� ����� �

Table C-33: Results of the KF titration of the rejected and crystallized vials. 

5IF� TBNQMFT� CFJOH� QSFEJDUFE�XJUI� IJHIFS�XBUFS� DPOUFOU� UIBO� ������ BOE� UIF� PVUMJFST�

XJUI�B�DSZTUBMMJ[FE�CPUUPN�XFSF�,'�UJUSBUFE�UP�WFSJGZ�UIF�/*3"�SFTVMU��

"DDPSEJOH� UP� UIF� ,'� UJUSBUJPO� UIF� XBUFS� DPOUFOU� PG� UIF� SFKFDUFE� TBNQMFT� XBT�

FYDFQUJPOBMMZ�IJHI��"MNPTU� JOWBSJBCMZ
� UIF�SFGFSFODF�NFUIPE�ZJFMEFE� MPXFS�SFTVMUT� UIBO�

UIF�/*3"
� JO�POF�DBTF�FWFO�CFMPX� UIF�BDDFQUBODF� MJNJU��$POTJEFSJOH� UIF�BDDVSBDZ�PG�

UIF�,'�NFUIPE
�UIJT�WBMVF�XBT�XJUIJO�UIF�UPMFSBODFT�BOE�EJE�OPU�DPOTUJUVUF�BOZ�JTTVF�GPS�

UIF� BMUFSOBUJWF� TQFDUSPTDPQJD�NFUIPE� JUTFMG
� CVU� JMMVTUSBUFE� SBUIFS� BO� BEEJUJWF� TFDVSJUZ�

MFWFM��



$���2VBOUJUBUJWF�NPEFM�1SPEVDU�$�����NH�

� ����

$����� %JTDVTTJPO�

5IJT� UPUBM� JOTQFDUJPO� DPOGJSNFE� UIF� SPCVTUOFTT� PG� UIF� MZPQIJMJ[BUJPO� DZDMF� PG� UIJT�

QSPEVDU��0O�UIF�PUIFS�IBOE�UIF�FYJTUFODF�PG�POMZ�GFX�004�TBNQMFT�UIBU�XPVME�OPU�CF�

EJTDPWFSFE�TIPXFE� UIF�VTFGVMOFTT�PG�B� UPUBM� JOTQFDUJPO�CZ� JOOPWBUJWF� UFDIOJRVFT��5IF�

QSPEVDU�RVBMJUZ�BOE�TFDVSJUZ�MFWFM�DPVME�CF�JODSFBTFE�CZ�/*3"��

%VF� UP� B� DFSUBJO� GV[[JOFTT� PG� UIF� JEFOUJGJDBUJPO� PG� UIF� QSPEVDU� UIF� QSPEVDUJPO� TUBGG�

XPVME�OFFE�UP�SFDLPO�PO�BO�JODSFBTFE�OVNCFS�PG�VOSFDUJGJBCMF�SFKFDUT��

"�RVBOUJUBUJWF�NPEFM�XBT�OPU� SFRVJSFE� GPS�B� SPVUJOF�BQQMJDBUJPO
�BT� UIFSF�XBT�OP� SFBM�

FWFO�EJTUSJCVUJPO�PWFS�BO�FYUFOEFE�SBOHF
�CVU�POF�NFEJBO�XJUI�POMZ�GFX�PVUMJFST��

�
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&KDSWHU�'��%XVLQHVV�FDVH�

%���*OWFTUNFOU�BDDPVOUJOH�JO�QIBSNBDFVUJDBM�QSPEVDUJPO�

%JGGFSFOU� EFWFMPQNFOUT� IBWF� MFE� JO� UIFTF� MBTU� ZFBST� UP� BO� JODSFBTJOH� QSFTTVSF� PO� UIF�

QIBSNBDFVUJDBM� JOEVTUSZ�� %SJWFST� PG� B� NBSLFU� XIJDI� IBT� CFDPNF� NPSF� BOE� NPSF�

DPNQFUJUJWF� BSF� GBDUPST� TVDI� BT� BO� JOTVGGJDJFOU� QSPEVDUJWJUZ� PG� 3�%
� QSPEVDUT� HPJOH� PGG�

QBUFOU� BOE�BO�VQDPNJOH�HFOFSJDT� JOEVTUSZ
� GBTUFS� JOOPWBUJPO�DZDMFT�PS�TUBUF�BJEFE�QSJDF�

QSFTDSJQUJPOT�� /FX� QSPEVDUT� BSF� VTVBMMZ� FYQFOTJWF� CJPUFDI� EFWFMPQNFOUT� JO� JOOPWBUJWF�

EPTBHF�GPSNT�XJUI�JODSFBTFE�IBOEMJOH�DPNQMFYJUZ��

'PS� ZFBST� QBUJFOUT
� UPQ� NBOBHFNFOU� PS� DBQJUBM� NBSLFUT� GPDVTFE� UIFJS� JOUFSFTU� PO� UIF�

SFTFBSDI�BOE�EFWFMPQNFOU
�BT�XFMM�BT�PO�UIF�NBSLFUJOH�BOE�TBMFT�VOJUT��"O�JODSFBTJOHMZ�

TUSJDU� JOTQFDUJPO� QSBDUJDF� CZ� UIF� ESVH� SFHVMBUPSZ� BVUIPSJUJFT� IBT� TUSFOHUIFOFE� UIF�

JNQPSUBODF� PG� UIF� (.1�SFHVMBUFE� EFQBSUNFOUT� GPS� UIF� DPNNFSDJBM� TVDDFTT� PG�

QIBSNBDFVUJDBM�DPNQBOJFT��"MM�UIF�EFQBSUNFOUT�BSF�FYQMPSFE�CZ�JOEFQFOEFOU�DPTU�DFOUFST�

XJUI� UIF� GPDVT� PO� DPNNFSDJBM� FGGFDUJWFOFTT�� $SFEJU� BQQMJDBUJPOT� OFFE� UP� CF� GJMFE� BOE�

FYQFOEJUVSFT�IBWF�UP�CF�KVTUJGJFE�CZ�BO�JOWFTUNFOU�BDDPVOUJOH��

5IF�UFSN�JOWFTUNFOU�JT�EFGJOFE�BT�UIF�FYQFOEJUVSF�PG�NFBOT�PG�QBZNFOU�UIBU�DPOTFRVFOUMZ�

XJMM�CF�CPVOE�PWFS� MPOH�UFSN��'VUVSF� SFWFOVF� JT�FYQFDUFE� UP�CF�IJHIFS� UIBO�UIF�QSFTFOU�

JOWFTUNFOU��5IFSF�JT�FYQFOEJUVSF�XJUI�EJGGFSFOU�QVSQPTFT��5ZQJDBMMZ
�JOWFTUNFOU�JT�NBEF�GPS�

UIF� GPVOEBUJPO� PG� B� DPNQBOZ
� UIF� SFQMBDFNFOU� GPS� XPSO�PVU� BOE� BHFE� FRVJQNFOU
� UIF�

FYQBOTJPO� PS� SBUJPOBMJ[BUJPO� 	FDPOPNJ[BUJPO� BOE� NPEFSOJ[BUJPO
�� 7FSZ� PGUFO� JOWFTUNFOU�

DBO�OPU�CF�BTTJHOFE�EFGJOJUFMZ�UP�POF�PG�UIFTF�TVCHSPVQT��

%����� .FUIPET�PG�JOWFTUNFOU�BQQSBJTBM�

#Z�NFBOT�PG� UIF� JOWFTUNFOU�BDDPVOUJOH� UIF�QSPGJUBCJMJUZ�PG�BO� JOWFTUNFOU�QSPKFDU�TIPVME�

CF� FTUJNBUFE�� 5IJT� NFUIPE� DPOTJEFST� POMZ� RVBOUJUBUJWF� 	NPOFUBSZ

� CVU� OP� RVBMJUBUJWF�

SFGMFDUJPOT�	TVDI�BT�GMFYJCJMJUZ
�RVBMJUZ
�XPSLJOH�DPOEJUJPOT
��/FWFSUIFMFTT�JU�JT�VTFGVM�GPS�UIF�

QSFQBSBUJPO�PG�EFDJTJPOT��
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5IF� BDDPVOUJOH� TZTUFNT� DBO� CF� DMBTTJGJFE� JO� TUBUJD� BOE� EZOBNJD� QSPDFEVSFT�� %ZOBNJD�

NFUIPET� TVDI� BT� UIF� OFU� QSFTFOU� WBMVF� 	/17
� BOE� UIF� JOUFSOBM� SBUF� PG� SFUVSO� 	*33
� BSF�

NPSF�DPNQMFY
�XIFSFBT� UIF�TUBUJD�QBZCBDL�BDDPVOUJOH� JT� B�RVJDL�BOE� SPVHI�DBMDVMBUJPO�

FBTZ�UP�VOEFSTUBOE��

"MM�UIFTF�NFUIPET�IBWF�JO�DPNNPO�UIBU�UIFZ�BSF�PSJFOUFE�UP�UIF�GVUVSF
�BOE�UIVT�SFMZJOH�

PO� QBSUMZ� JODPSSFDU� GPSFDBTUT�� $POTFRVFOUMZ
� UIF� VODFSUBJOUZ� PG� UIF� BDDPVOUJOH� JT� OPU�

IJEEFO� JO� UIF� DPNQVUBUJPO� TUFQT� CVU� UIF� QSFMJNJOBSZ� BTTVNQUJPOT�� 5IF� QFSJPE� VOEFS�

SFWJFX�NVTU� CF� JO� FJUIFS� DBTF� TIPSUFS� UIBO� UIF�FYQFDUFE�VTFGVM� MJGF� PG� UIF� BDRVJSFNFOU��

.POFZ� UIBU�XBT�TQFOE� GPS�F�H��TVSWFZ
� UP�NBLF� UIFTF�FTUJNBUJPOT�NPSF� SFMJBCMF
�BSF�TP�

DBMMFE��TVOL�DPTUT��BOE�DBO�OPU�CF�JODMVEFE�JO�UIF�BDDPVOUJOH� Æ �

%�������%ZOBNJD�BDDPVOUJOH�

¾ /FU�QSFTFOU�WBMVF�	/17
�

5IF� /17� JEFOUJGJFT� UIF� UPUBM� FYDFTT� PG� UIF� JOWFTUNFOU
� UIF� BNPVOU
� XIJDI� FYDFFET� UIF�

BNPSUJ[BUJPO�PG�UIF�DBQJUBM�FYQFOEJUVSF�BOE�UIF�DPTUJOH�CBTFE�JOUFSFTUT��

5IF�/17�JT�EFGJOFE�BT�UIF�TVN�PG�BMM�UIF�OFU�DBTI�GMPXT�EJTDPVOUFE�UP�B�SFGFSFODF�EBUF�UP�

BO�JOUFSFTU�J
�XIJDI�BQQFBST�TVQQMFNFOUBSZ�EVF�UP�UIF�JOWFTUNFOU��
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Equation D-1: Computation of the NPV, with the interest i, the net cash-flow G0 of the year 1 and 

the years 1 to n. 

"O�JOWFTUNFOU�JT�FDPOPNJD
�JG�UIF�TVN�PG�UIF�EJTDPVOUFE�ZFBSMZ�OFU�DBTI�GMPXT�JT�QPTJUJWF�

	�� �
�� 5IF� FBSMJFS� UIJT� IBQQFOT� 	GPS� TNBMM� O

� UIF� NPSF� QSPGJUBCMF� JT� UIF� JOWFTUNFOU�

JODMVEJOH�B� MPXFS�SJTL��'PS� UIF�EFUFSNJOBUJPO�PG� UIF�EJTDPVOUJOH�SBUF�UIF�BWFSBHF�DBQJUBM�

DPTU�FGGFDUJWFOFTT�JT�BO�PSJFOUBUJPO�GPS�UIF�DPNQBOJFT��

5IJT� NFUIPE� EPFT� OPU� BMMPX� BOZ� TUBUFNFOU� BCPVU� UIF� QSPGJUBCJMJUZ� PG� B� QSPKFDU� CVU�

DPOTUJUVUFT�B�CBTF�GPS�UIF�DPNQBSJTPO�PG�BMUFSOBUJWF�QSPKFDUT��

¾ *OUFSOBM�SBUF�PG�SFUVSO�	*33
�

5IF� JOUFSOBM� SBUF� PG� SFUVSO� JOEJDBUFT� UIF� QFSDFOUBHF� PG� JOUFSFTU� UIF� JOWFTUFE� DBQJUBM� JT�

CFBSJOH��"DDPSEJOHMZ
�UIF�*33�DBMDVMBUFT�UIF�DPTU�FGGFDUJWFOFTT�PG�BO�JOWFTUNFOU��
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*O�PSEFS�UP�DBMDVMBUF�UIF�*33
�UIF�/17�JT�TFU�UP�[FSP��5IF�NVMUJQMJDBUJPO�PG�UIJT�FRVBUJPO�CZ�

	��J
 È �MFBET�UP�B�QPMZOPNJBM�XJUIPVU�VOJRVF�FMFNFOUBM�TPMVUJPO�GPS�O������
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Equation D-2: The computation only leads to unique results if the cash-flow leads to exactly 

one change of a leading sign. Most likely this is the case. 

*O�QSBDUJDF� UIF�NBOBHFNFOU�PG� B�DPNQBOZ�VTVBMMZ�EFNBOET�B�NJOJNVN� JOUFSFTU� SFUVSO
�

BOE�UIF�*33�TIPVME�CF�IJHIFS�UIBO�UIJT�UISFTIPME��

%�������4UBUJD�BDDPVOUJOH���1BZCBDL�NFUIPE�

5IF� QBZCBDL� NFUIPE� JT� B� TUBUJD� NFBTVSF� XJUIPVU� SFTQFDU� UP� UJNFMZ� DBQJUBM� GMPX�� 5IF�

QBZCBDL�DBMDVMBUFT�UIF�UJNF�SFRVJSFE�VOUJM�UIF�JOWFTUFE�DBQJUBM�JT�CBMBODFE�CZ�OFU�SFDFJQUT��

/FJUIFS�UIF�FYQFOEJUVSF�OPS�UIF�SFDFJQUT�BSF�EJTDPVOUFE�JO�UIJT�DBTF��

'PS� FYQBOTJPO� UIF� QBZCBDL� QFSJPET� VTVBMMZ� WBSZ� CFUXFFO� �� �� �� ZFBST� XIFSFBT�

SBUJPOBMJ[BUJPO� TIPVME� CF� BNPSUJ[FE� JO� �� �� �� ZFBST�� *O� HFOFSBM
� QSPKFDUT� XJUI� TIPSUFS�

QBZCBDL� UJNFT� BSF� QSFGFSSFE
� BT� UIF� MPOHFS� UIF� QFSJPE� UIF� IJHIFS� JT� UIF� JNQBDU� PO� UIF�

DPNQBOZ�T� MJRVJEJUZ�BOE� UIF�NPSF� SJTLZ� JT� UIF� JOWFTUNFOU��5IF�QBZCBDL�BDDPVOUJOH�EPFT�

OPU�TVQQMZ�BOZ�JOGPSNBUJPO�BCPVU�UIF�BDUVBSJBM�SBUF�PG�SFUVSO��

%����� #VTJOFTT�DBTF�JO�MJOF�1"5�

1SJPS� UP� BOZ� JOWFTUNFOU� BQQSBJTBM� BOE� DSFEJU� BQQMJDBUJPO� DFSUBJO� QSFMJNJOBSZ� TUSVDUVSBM�

TUFQT� IBWF� UP� CF� SFTQFDUFE�� &TQFDJBMMZ� MPOH� UFSN� QSPKFDUT� TIPVME� CF� DPOGPSN� UP� UIF�

TUSBUFHZ�PG� UIF�CVTJOFTT�BSFB�� 'JSTU
� UIF�DVSSFOU� TJUVBUJPO�BOE� UIF� SFBTPO� GPS� UIJT� DBQJUBM�

FYQFOEJUVSF� BSF� BTTFTTFE�� 0OMZ� RVBMJUBUJWF� CFOFGJUT� XJMM� DPOWJODF� UP� QVSTVF� UIF� QSPKFDU��

"MUFSOBUJWFT� TIPVME� CF� SFWJFXFE� BOE� SFBTPOT� GPS� SFKFDUJPO� BSF� SFRVFTUFE�� 5IFO� UIF�

GJOBODJBM�BOBMZTJT�GPMMPXT�DPOTJEFSJOH�UIF�SFTPVSDFT
�PQFSBUJOH�DPTUT�BOE�QSPGJUBCJMJUZ��

%VF�UP�B�DPOGJEFOUJBMJUZ�BHSFFNFOU�XJUI�3PDIF
�BMM�UIF�GJOBODJBM�WBMVFT�JO�UIJT�DIBQUFS�BSF�

POMZ�HJWFO� JO�B�SFMBUJWF�GJHVSF�SFQSFTFOUFE�BT�NPOFZ�FRVJWBMFOUT�	.&
�XJUIPVU� JOEJDBUJPO�

PG�UIF�EFUBJMFE�DBTI�GMPXT��

%�������&TUJNBUFE�FYQFOEJUVSF�

5IF� SFBMJ[BUJPO� PG� BO� JO�MJOF� /*3"� JOWPMWFT� TPNF� SFRVJSFE� FRVJQNFOU� TVDI� BT�

TQFDUSPNFUFS� BOE� BVUPNBUJPO� CVU� B� MPU� PG� QSFQBSBUPSZ�XPSL� BT�XFMM�� "T� UIJT� BNPVOU� PG�
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XPSL�XBT�EJGGJDVMU�UP�RVBOUJGZ�BOE�TPNFUJNFT�QFSGPSNFE�BMPOHTJEF�UP�SPVUJOF�UIJT�QBSU�XBT�

OPU�DPOTJEFSFE�IFSF�� *O� UIF�DPTU�FTUJNBUF�BMM� UIF�IBSEXBSF�XBT�BDDPVOUFE� JODMVEJOH�UIF�

QJMPU�QIBTF�BOE�UIF�JNQMFNFOUBUJPO��5IF�JUFNT�BSF�SPVHIMZ�HJWFO�JO�5BCMF�%���XIBU�MFE�UP�

B�UPUBM�FYQFOTF�PG�BCPVU����
����.&��

#VJMEJOHT�

JODM��FYUFSOBM�XPSLT�

BEBQUBUJPOT�PG��

JOGSBTUSVDUVSF�	FMFDUSJDJUZ
�WBDVVN
�BJS�QSFTTVSF
�
FYJTUJOH�MJOF�QBSUT�

.BDIJOFT�BOE�BQQBSBUVT� TQFDUSPNFUFST�BOE�BVUPNBUJPO�JODMVEJOH��

EPDVNFOUBUJPO�

RVBMJGJDBUJPO�

1MBOU�JOTUBMMBUJPOT�

JODM��FOHJOFFSJOH�GFFT�

USBOTQPSU�
DPOOFDUJPO�UP�SFTPVSDFT�BOE�TUSFBN�
TUBSUVQ�

RVBMJGJDBUJPO�

EPDVNFOUBUJPO�

4PGUXBSF�BOE�FRVJQNFOU� DPOUSPM�PG��
TQFDUSPNFUFS�

BVUPNBUJPO�
SFGFSFODF�TUBOEBSET�GPS�DBMJCSBUJPO�

3FTFSWF� VOGPSFTFFO�JUFNT�

5PUBM� _����
����.&�

Table D-1: Composition of the estimated capital expenditure costs for the in-line project. The 

sum of expenditure is given in money equivalents (ME). 

%�������#FOFGJU�BDDPVOUJOH�

5IF�RVBMJUZ�DPTUT�UIBU� JODVS� JO� UIF�NBOVGBDUVSF�PG�QIBSNBDFVUJDBMT�DBO�CF�TUSVDUVSFE� JO�

UISFF�TVC�HSPVQT��UIF�SFRVJSFE�DPTU�PG�UFTUJOH
�BOE�FYUFSOBM�BOE�JOUFSOBM�DPTUT�PG�EFGFDUT��

"�CFOFGJU�BDDPVOUJOH�XPVME�PCWJPVTMZ�USZ�UP�GJOE�UIF�EPNBJOT�JO�XIJDI�TBWJOHT�XPVME�CF�

BDIJFWFE�CZ�B�DFSUBJO�JOWFTUNFOU�	'JHVSF�%��
��

"T� JO� TIPSU� UFSN� UIF� JO�MJOF� 1"5� JOJUJBUJWF� XPVME� OPU� SFQMBDF� UIF� USBEJUJPOBM� SFHJTUFSFE�

SFMFBTF�BOBMZTJT�QFSGPSNFE�CZ�UIF�2$
�UIF�DPTU�PG�UFTUJOH�DPVME�OPU�EJSFDUMZ�CF�DPOTJEFSFE��

&YUFSOBM� DPTUT� PG� EFGFDUT�NBZ� CF� FYUSFNFMZ� IJHI� FTQFDJBMMZ� JG� F�H�� QSPEVDU� SFDBMMT� XFSF�

JOWPMWFE��5IF�SFMBUFE�MPTT�PG�JNBHF�XPVME�CF�FWFO�XPSTF�CVU�IBSE�UP�RVBOUJGZ�JO�DBTI��"T�

UIFTF� JODJEFOUT� OFWFS� UPPL� QMBDF� EVF� UP� UIF� SFTJEVBM� NPJTUVSF� JO� UIF� MZPQIJMJ[BUFT� JO�

RVFTUJPO
� UIFTF� QPUFOUJBM� DPTUT� XFSF� MFGU� PVU� BOE� XFSF� POMZ� TVNNBSJ[FE� BT� RVBMJUBUJWF�

BSHVNFOUT��#VU�UIF�JOUFSOBM�DPTUT�PG�RVBMJUZ�XFSF�NPSF�USBOTQBSFOU�BOE�DPTU�GBDUPST�TVDI�

BT�*3T�BOE�%3T
�FYUFOEFE�RVBSBOUJOF
�SFTUSJDUFE�CBUDI�SFMFBTF�PS�QSPEVDU�EFTUSVDUJPO�XFSF�

SFBMJTUJD�TDFOBSJPT�DPODFSOJOH�UIFTF�QSPEVDUT��5IF�NBJO�DPTU�ESJWFS�JO�UIJT�HSPVQ�XBT�UIF�
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BCPMJTINFOU�PG�QSPEVDU
�BOE�UIJT�NPSF�BOE�NPSF�BT�UIF�QSPEVDUT�CFDBNF�NPSF�WBMVBCMF��

"DDPSEJOHMZ
� UIJT� DIBQUFS� GPDVTFE� PO� UIF� QSPCBCJMJUZ� PG� TVDI� B� DBTF� BOE� UIF� QPUFOUJBM�

DPOTFRVFODFT� UIFSFCZ� JODVSSFE�� 5IF�CFOFGJU� BDDPVOUJOH� SFGFST� UP� UIF� SFTVMUT� PG� UIF� UXP�

UPUBM� JOTQFDUJPOT�PG� UIF�DVSSFOU�XPSL�QFSGPSNFE�PGG�MJOF��"�SBUIFS�DPOTFSWBUJWF�NPEFSBUF�

BQQSBJTBM�PG�UIF�TDFOBSJP�XBT�BEPQUFE��

$BUFHPSZ

PG�DPTU�PG

RVBMJUZ

$PTU�PG
UFTUJOH

*OUFSOBM�DPTU
PG�EFGFDUT

&YUFSOBM�DPTU
PG�EFGFDUT

1PUFOUJBM

CFOFGJU
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Figure D-1: Illustration of the different categories of cost of quality. 

1SPEVDU� 6OJUT�QFS�ESZFS� 1SJDF�QFS�VOJU�<.&>� 1SJDF�QFS�ESZFS�<.&>�

1SPEVDU�"����NH� ��
���� ����� �
����

1SPEVDU�"����NH� ��
���� ����� �
����

1SPEVDU�#� ��
���� ����� ��
����

1SPEVDU�$�����NH� ��
���� ����� ��
����

1SPEVDU�$�����NH� //� //� //�

1SPEVDU�%� ��
���� �
��� �
����

Table D-2: Manufacturing prices of the lyophilized Products A – D in money equivalents (ME). 



$IBQUFS�%��#VTJOFTT�DBTF�

�����

¾ 1SPEVDU�#�

%VSJOH� UIF� JOTQFDUJPO� PG� POF� CBUDI� PG� 1SPEVDU� #� JO� UIF� UPUBM� PG� ��
���� WJBMT� ���� 004�

TBNQMFT� XJUI� IJHIFS� XBUFS� DPOUFOUT� UIBO� �� �� XFSF� EFUFDUFE�� 5IFTF� SFTVMUT� XFSF�

DPOGJSNFE�CZ�TVDDFTTJWF�,'�UJUSBUJPO��5IF�004�TBNQMFT�DPVME�CF�SFKFDUFE�BOE�UIF�SFTU�PG�

UIF�CBUDI�SFMFBTFE�BT�JU�XBT�XJUIJO�UIF�TQFDJGJDBUJPOT��5IJT�XBT�FRVJWBMFOU�UP�B�TBWJOH�PG�

DB����
����.&
�TJODF�UIF�BDUVBM�NBSLFU�EFNBOE�DPVME�OPU�CF�TVQQMJFE�ZFU��

*U�DPVME�CF�BTTVNFE�UIBU�JO�BOZ�QSPEVDFE�CBUDI�PG�1SPEVDU�#�������PG�UIF�WJBMT�DPOUBJOFE�

NPSF�UIBO�����SFTJEVBM�NPJTUVSF��*O�UIF�SPVUJOF�SFMFBTF�BOBMZTJT�UIF�2$�TBNQMFE���WJBMT�JO�

�XPSTU�DBTF��QPTJUJPOT�PG� UIF� GSFF[F�ESZFS��"DDPSEJOH� UP� UIF�IZQPHFPNFUSJDBM�EJTUSJCVUJPO�

UIF�QSPCBCJMJUZ�XBT�IFSF������
�UIBU�POF�PG�UIFTF���2$�TBNQMFT�XPVME�CF�CZ�DPJODJEFODF�

BO�004�WJBM�	GPS�Y����
�O����
�.���������������PG�/�����
���
��5IF�DPOTFRVFODF�JO�UIJT�

DBTF�XPVME�CF�UIF�EFTUSVDUJPO�PG� UIF�FOUJSF�CBUDI� JO�RVFTUJPO��5IJT�DPSSFTQPOEFE�UP� UIF�

TP�DBMMFE��XSJUF�PGG�SJTL���*O�QVSQPTF�PG�JODSFBTJOH�UIF�QSPEVDU�RVBMJUZ�PS�EVF�UP�UIF�JO�MJOF�

JOTQFDUJPO�SFHVMBSMZ�SPVHIMZ�����BEEJUJPOBM�WJBMT�QFS�CBUDI�XPVME�CF�SFKFDUFE��5P�SFBEKVTU�

UIF� BDDPVOUJOH� UIJT� JODSFBTFE� MPTT� PG� QSPEVDU� IBE� UP� CF� TVCUSBDUFE� GSPN� UIF� QPUFOUJBM�

TBWJOHT�	SFKFDUT�EVF�UP�UPUBM�JOTQFDUJPO
��

:FBS� ����� ����� ����� ����� �����

1SPEVDU�#�CBUDI�GPSFDBTU� _����� _����� _����� _����� _�����

1PUFOUJBMMZ�BGGFDUFE�CBUDIFT� �� ���� �� �� ��

8SJUF�PGG�SJTL�<.&>� �����
����� �����
���� ���
���� �����
���� ���
����

3FKFDUT�EVF�UP�UPUBM�JOTQFDUJPO�<.&>� _���
���� _���
���� _���
���� _���
���� ��
����

3FBEKVTUFE�QPUFOUJBM�TBWJOHT�CZ�

/*3"�<.&>�
��
���� ���
���� ���
���� ���
���� ���
����

Table D-3: Readjusted benefit accounting based on the volume forecast March, 2003. All the 

monetary values are given in money equivalents (ME). 

¾ 1SPEVDU�$�����NH�

#Z� VTF� PG� B� RVBOUJUBUJWF�NPEFM� BO� FOUJSF� MPU� PG� 1SPEVDU� $� ����NH�XBT� JOTQFDUFE�� 5IJT�

BOBMZTJT�DPNQSJTFE�SPVHIMZ���
����WJBMT�QSJPS�UP�UIF�WJTVBM�DPOUSPM��)FSF���004�WJBMT�XJUI�

XBUFS� DPOUFOUT� TVQFSJPS� UP�����XFSF�EFUFDUFE��"T� UIF� WJTVBM� DPOUSPM� DPVME�OPU� GJOE�BOZ�

EFWJBUJPO
�JU�XBT�BTTVNFE�UIFZ�XPVME�OPSNBMMZ�OPU�CF�OPUJDFE��
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5IF�QSPCBCJMJUZ�UP�IJU�PO�POF�PG�UIFTF�GPVS�JT�DMPTF�UP�[FSP�	IZQFSHFPNFUSJD�EJTUSJCVUJPO���

������
�GPS�Y����
�O����
�.��������������PG�/�����
���
��8JUI�SFTQFDU�UP�UIF�QSPEVDUJPO�

GPSFDBTU� UIJT� XPVME� BQQFBS� PODF� JO� ���� ZFBST
� XIBU� XBT� OFHMJHJCMF�� )PXFWFS
� JG� UIJT�

JODJEFOU� FWFS� IBQQFOFE
� B� MPTT� PG� NPSF� UIBO� ��
���� .&� XPVME� BQQFBS�� 5IPVHI
� UIF�

JODSFBTF� PG� QSPEVDU� RVBMJUZ� BOE� IPNPHFOFJUZ� TFFNFE� UP� DPNF� UP� UIF� GPSF
� TJODF�XBUFS�

DPOUFOUT� VQ� UP� �� �� XFSF� PCTFSWFE�� "U� MFBTU� JO� DBTF� PG� TUBCJMJUZ� UFTUT� PG� TVDI� B� WJBM�

EFWJBUJPOT�XFSF�TVQQPTBCMF��'VSUIFSNPSF
� UIF� WJTVBM�DPOUSPM�DPVME�CF� SFMJFWFE�CZ�B� UPUBM�

/*3"�JOTQFDUJPO
�BT�NFMUCBDLT�BOE�HMBTT�CSFBLBHF�XFSF�EFUFDUFE�BT�EFGFDUT�BT�XFMM��

%�������*OWFTUNFOU�BDDPVOUJOH�

"DDPSEJOH�UP�UIF�GJOEJOHT�PG�UIF�UPUBM�JOTQFDUJPO�PG�POF�MPU�PG�1SPEVDU�#�B�GVUVSF�QSPHOPTJT�

CBTFE�PO�GBDUT�XBT�NBEF
�BOE�B�QPUFOUJBM�PG�DPOTJEFSBCMF�TBWJOHT�XBT�EFUFSNJOFE��0OMZ�

UIF� DPTU� PG� EFGFDUT� PG� 1SPEVDU� #� XBT� JODMVEFE� UP� UIF� DBMDVMBUJPO� PG� UIF�/17
� *33
� BOE�

QBZCBDL� QFSJPE�� 5IF� TUBOEBSE� QFSJPE� VOEFS� DPOTJEFSBUJPO� XBT� ��� ZFBST� XIJDI� XBT�

DPOGPSN�UP�UIF�FYQFDUFE�VTFGVM�MJGF�UJNF�PG�UIF�QMBOU��8JUI�B�EJTDPVOU�SBUF�PG������BOE�B�

UBY�SBUF�PG�����
�UIF�3PDIF�NBOBHFNFOU�FYQFDUBUJPO�PG�UIF�*33�XBT���������

U ø � � � � � :FBST
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Figure D-2: Illustration of the discounted investment at t0 about a limited payback period. 

/FU�QSFTFOU�WBMVF�	/17
� *OUFSOBM�SBUF�PG�SFUVSO�	*33
� 1BZCBDL�QFSJPE�

_����
����.&� ����� �����ZFBST�

Table D-4: Results of the business accounting regarding NPV, IRR, and the payback period. 

5IF� SFTVMU� PG� UIF�/17�XBT�QPTJUJWF
� UIF� *33������BOE� UIFSFCZ���������5IF� TVN�PG� UIF�

HSPTT�QSPGJU�BGUFS�UBY�XBT�BGUFS�MFTT�UIBO�����ZFBST�FRVBM�UP�UIF�DBQJUBM�PG�JOWFTUNFOU��5IJT�

UJNF�DPSSFTQPOEFE�UP�UIF�QBZCBDL�QFSJPE
�XIJDI�TIPVME�CF�CFMPX���ZFBST��*OWFTUNFOUT�BSF�
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JO�HFOFSBM�FYDFQUJPOBMMZ�QSPGJUBCMF�BOE�CFBS�MFTT�SJTL�JG�IJHI�DBTI�GMPXT�BQQFBS�JO�UIF�FBSMZ�

QFSJPET�PG�B�QSPKFDU��5IF�TIPSU�QBZCBDL�UJNF�BTTVSFE�UIF�SFTVMUT�PG�UIF�/17�BOE�*33��

"MM� UIF� SFRVJSFNFOUT� JO� UFSNT�PG�/17
� *33
� BOE�QBZCBDL�QFSJPE�XFSF�NFU�CZ� UIF� JO�MJOF�

1"5�QSPKFDU��.POFUBSJMZ�JU�DPVME�CF�BTTVNFE�UIBU�UIJT�JOWFTUNFOU�XPVME�CF�QSPGJUBCMF��

%����� $PODMVTJPOT�

*O� QSBDUJDF� JU� DPVME� CF� TIPXO� UIBU� UIF� /*3� NFUIPE� XBT� VTFGVM�� *O� UIF� BQQMJDBUJPO� GPS�

1SPEVDU� #� TBWJOHT� PG� BCPVU� ��
���� .&� DPVME� CF� HFOFSBUFE�� "� MPTT� PG� QSPEVDU� XBT�

QSBDUJDBMMZ�FRVBM�XJUI�B�MPTT�PG�TBMFT
�TJODF�UIF�BDUVBM�QSPEVDUJPO�WPMVNF�DPVME�OPU�TVQQMZ�

UIF�EFNBOET�PG�UIF�NBSLFU��"O�JODSFBTF�PG�UIF�TFSWJDF�MFWFM�XBT�UIVT�FTTFOUJBM��1SPEVDU�$�

GFBUVSFE� TPNF� GFX� 004� WJBMT� JO� NPJTUVSF� DPOUFOU� BT� XFMM�� /FWFSUIFMFTT� UIF� DBMDVMBUFE�

MJLFMJIPPE�XBT�MPX�UIBU�FWFS�B�CBUDI�TIPVME�CF�SFKFDUFE
�UIF�SJTL�XBT�EVF�UP�UIF�IJHI�WBMVF�

PG�UIF�QSPEVDU�EJTQSPQPSUJPOBMMZ�IJHI��

5IF�FOUJSF�JOWFTUNFOU�BDDPVOUJOH�CBTFE�FYDMVTJWFMZ�PO�UIF�NPTU�JNQPSUBOU�QSPEVDU�BU�UIBU�

UJNF�BOE�DPVME�UIVT�CF�DPOTJEFSFE�BT�NPEFSBUF��1SPEVDU�"�BOE�1SPEVDU�%�XFSF�FWFO�OPU�

SFHBSEFE��5IF�DPNNFSDJBM�CFODINBSLT�XFSF�DBMDVMBUFE�CZ�B�NPEFSBUF�BQQSBJTBM�BEKVTUJOH�

UIF� QPUFOUJBM� TBWJOHT� CZ� UIF� JODSFBTFE� OVNCFS� PG� SFKFDUT�� "MUIPVHI� UIJT� RVBMJUBUJWF�

JNQSPWFNFOU�XBT� DBMDVMBUFE�BT�B� GJOBODJBM� MPTT�PG� QSPEVDU� BMSFBEZ���×� ZFBST�XPVME�CF�

TVGGJDJFOU�GPS�UIF�QBZCBDL�QFSJPE��

2VBMJUBUJWF� BSHVNFOUT� XFSF� OPU� SFHBSEFE� ZFU�� *O� UIJT� DPOUFYU� UIF� JODSFBTF� PG� QSPEVDU�

RVBMJUZ� BOE� IPNPHFOFJUZ� EVF� UP� UIF� /*3"� JOTQFDUJPO� TIPVME� CF� NFOUJPOFE��

4JNVMUBOFPVTMZ�UIF�UIFPSFUJDBM�GJOBODJBM�SJTL�PG�B�QSPEVDU�SFDBMM�BOE�B�EBNBHFE�JNBHF�PG�

UIF� DPNQBOZ� DPVME� CF� SFEVDFE�� 'VSUIFSNPSF� UIF� WJTVBM� JOTQFDUJPO� QFSGPSNFE� CZ� NBO�

QPXFS� DPVME� CF� FBTFE� CZ� UIF� BQQMJDBUJPO� PG� UIF� /*3� NFUIPE�� #FTJEFT
� UIF� JOTQFDUJPO�

NBDIJOF�DPVME�CF�VTFE�BT�B�UPPM�GPS�QSPDFTT�PQUJNJ[BUJPO�PG�UIF�MZPQIJMJ[BUJPO�DZDMFT��5IF�

QPUFOUJBM�CFOFGJU�DPVME�CF�BO� JODSFBTFE�DBQBDJUZ�PG� UIF�QSPEVDUJPO� MJOF� JG� UIF�DZDMF� UJNF�

XBT� SFEVDFE�� *O�B� GVUVSF� TUFQ� UIF� JO�MJOF�EBUB� DPVME� BMTP�CF� UBLFO�PWFS� GPS� UIF� SFMFBTF�

BOBMZUJD�BOE�SFEVDF�UIF�TFSWJDF�DPTUT�BOE�XPSL�MPBE�PG�UIF�2$�EFQBSUNFOU��

*O� DPODMVTJPO� PG� RVBOUJUBUJWF� BOE� RVBMJUBUJWF� SFBTPOT� UIF� JO�MJOF� 1"5� QSPKFDU� XBT�

DPOTJEFSFE�BT�CFJOH�QSPGJUBCMF�BOE�XBT�QVSTVFE�GVSUIFS��
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&KDSWHU�(��2YHUDOO�FRQFOXVLRQV�

&���%JTDVTTJPO�BOE�DPODMVTJPOT�

&����� 4DPQF�

5IF�DVSSFOU�XPSL�QSFTFOUFE�B�/*3�CBTFE�BQQMJDBUJPO�PG�1"5�JO�DBTF�PG�B�MZPQIJMJ[BUJPO�MJOF��

5IF� DSJUJDBM� BUUSJCVUF� PG� B� MZPQIJMJ[FE� QSPEVDU� XBT� JEFOUJGJFE� BT� UIF� SFTJEVBM� NPJTUVSF�

DPOUFOU��'PSNFS�CBUDI� SFDPSET� JOEJDBUFE�EFWJBUJPOT� JO� UIF�2$�BOBMZTJT�QFSGPSNFE�CZ�,'�

UJUSBUJPO��5IF�DPOTFRVFODF�XBT�QFSJPEJDBMMZ� UIF�TFWFSF� MPTT�PG�FOE�QSPEVDU
�BOE� UIFSFCZ�

UIF�EFDSFBTFE�TFSWJDF�MFWFM��%JGGFSFOU�TUVEJFT�JO�QSPEVDUJPO�BOE�TDBMF�VQ�EJE�OPU�NBOBHF�

UP�SFTPMWF�UIFTF�QIFOPNFOB
�BMUIPVHI�UIF�QSPDFTT�XBT�JO�UFSNT�PG�WBMJEBUJPO�GVMMZ�VOEFS�

DPOUSPM��"�DPNQMFUF�CBUDI�JOTQFDUJPO�XBT�EFTJSBCMF�QSPWJEJOH�UIF�PQQPSUVOJUZ�UP�SFKFDU�UIF�

WJBMT�PVU�PG�TQFDJGJDBUJPO�POMZ
�CVU�BTTVSJOH�UIF�DPNQMJBODF�PG�UIF�SFNBJOJOH�MPU��

5IVT
�B�TUVEZ�XBT�DPOEVDUFE�UP�SFWFBM�VOEFS�DPOTJEFSBUJPO�PG� GJOBODJBM�BTQFDUT� JG�BO� JO�

MJOF�DPOUSPM�XBT�GFBTJCMF�XJUIPVU�DPOTUSBJOJOH�UIF�QSPDFTT�TUSFBN��/*34�XBT�JEFOUJGJFE�BT�

B�OPO�EFTUSVDUJWF�BOE�GBTU�NFUIPE�GPS�XBUFS�EFUFSNJOBUJPO��

&����� 0SJHJOBM�TJUVBUJPO�

5IF� 2$�EFQBSUNFOU� BMSFBEZ� EJTQPTFE� PG� FYQFSJFODFT� JO� UIF� GJFME� PG� XBUFS� BOBMZTJT� GPS�

1SPEVDU�"����NH� JO�B� MBCPSBUPSZ�TDBMF��4VDI�B�NPEFM�XBT�BQQSPWFE�BOE�JO� SPVUJOF�VTF��

5IJT�LOPXMFEHF�CBTF�JO�UFSNT�PG�TBNQMF�QSFQBSBUJPO�BOE�TQFDJGJD�QBUUFSOT�XBT�FYUFOEFE�

UP�UIF�PUIFS�QSPEVDUT�BT�XFMM�BOE�B�QPTTJCJMJUZ�PG�B�UBSHFUFE�IVNJEJGJDBUJPO�XBT�EFWFMPQFE��

5IF� SFBTTFTTNFOU� PG� UIF� SFGFSFODF� NFUIPE� ZJFMEFE� UIF� QSFGFSFODF� PG� WPMVNFUSJD� ,'�

UJUSBUJPO�BT�BO�BCTPMVUF�BDDVSBDZ�PG�±�������BDDPSEJOH�UP�B�TUBUJTUJDBM�JORVJSZ��

5IF�SJTF�PG�UIF�/*3"�SFTVMUT�PG�GSFTI�1SPEVDU�"�XBT�DPOUSJCVUFE�UP�B�SFEJTUSJCVUJPO�PG�UIF�

IJHIFS�NPJTUVSF�MFWFM�JO�UIF�DPSF�PG�UIF�QSPEVDU�DBLF�EVSJOH�UIF�GJSTU�XFFLT��5IF�SFMJFG�XBT�

FJUIFS�UIF�JOUSPEVDUJPO�PG�B�DPSSFDUJPO�GBDUPS�GPS�UIF�QSFEJDUFE�WBMVF�PS�B�SFEVDUJPO�PG�UIF�

BDDFQUBODF�MJNJU�BDDPSEJOH�UP�UIF�BWFSBHF�BHF�PG�UIF�BOBMZ[FE�TBNQMFT��
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&����� &WBMVBUJPO�PG�UIF�BQQSPQSJBUF�BOBMZTJT�TZTUFN�

5IF�BOBMZTJT�QFSGPSNBODF�VOEFS�UJNF�SFTUSJDUJPOT�PG�BO�'5�BOE�BO�"05'�TQFDUSPNFUFS�XBT�

DPNQBSFE�� "� UIFPSFUJDBM� BQQSPBDI� BDDPSEJOH� UP� UIF� DVSSFOU� QIBSNBDPQPFJBT� EJE� OPU�

QSPWJEF� TBUJTGBDUPSZ� SFTVMUT�� 0OMZ� B� DPNQBSJTPO� SFMZJOH� PO� UIF� SFBM� BOBMZTJT� QSPCMFN�

TIPXFE�FWJEFODF��5IF�QSPEVDU�SFMBUFE�DBTF�TUVEZ�SFWFBMFE�B�XPSTF�BOBMZTJT�SFTVMU�GPS�UIF�

'5� TQFDUSPNFUFS�� 'VSUIFSNPSF� JU� SFRVJSFE� B� MPOHFS� NFBTVSJOH� UJNF� DBVTJOH� B� NPSF�

DPNQMFY� BOE� NPSF� FYQFOTJWF� QMBOU� EFTJHO�� $POTFRVFOUMZ
� PVU� PG� CPUI� BOBMZUJDBM� BOE�

FDPOPNJD�SFBTPOT�JU�XBT�EFDJEFE�UP�DPOUJOVF�UIF�QSPKFDU�XJUI�UIF�"05'�EFWJDF��

&������� 4UBUJD�TDBO�NPEF�FWBMVBUJPO�

*O�"05'� UFDIOPMPHZ� BMNPTU� BSCJUSBSJMZ� BDDFTTJCMF�XBWFMFOHUIT� SFRVJSFE� B� DPNQBSJTPO�PG�

EJGGFSFOU� TQFDUSPNFUFS� TFU�VQT�� 5IF� FWBMVBUJPO� PG� B� EJGGFSFOU� OVNCFS� PG� TDBOT� XJUI� B�

TVDDFTTJWFMZ�EFDSFBTFE�SFTPMVUJPO�EJE�OPU�TIPX�BOZ�FYUSBPSEJOBSZ�JNQBDU�PO�UIF�BOBMZTJT�

QFSGPSNBODF�PG� B� SFGFSFODF�QSPEVDU��)PXFWFS
� UIF�FYQFSJNFOU� TIPXFE�CFTU� SFTVMUT�XJUI��

�� ON� SFTPMVUJPO� BOE� B� SFEVDFE� TQFDUSBM� SBOHF�� 'JOBMMZ
� JU� XBT� DPODMVEFE� GPS� TUBUJD�

MBCPSBUPSZ�BOBMZTJT�UP�DPOUJOVF�NFBTVSFNFOUT�XJUI����TDBOT�JO�B�SFTPMVUJPO�PG���ON�PWFS�

UIF� FOUJSF� XBWFMFOHUI� SBOHF� GSPN� �
���� �� �
���� ON�� 5IF� SBX� TQFDUSB� DPVME� FBTJMZ� CF�

USVODBUFE�MBUFS�BDDPSEJOH�UP�JOEJWJEVBM�QSFGFSFODFT��

&������� 4UBUJDBMMZ�WBMJEBUFE�RVBMJUBUJWF�NPEFM�1SPEVDU�#�

8IFOFWFS� UIF� PCKFDUJWF� JT� UP� UFTU� JG� B� DFSUBJO� BDDFQUBODF� MJNJU� JT� SFTQFDUFE� PS� OPU
� B�

DMBTTJGJDBUJPO�SFTVMU�JT�MBSHFMZ�TVGGJDJFOU��5IF�GFBTJCJMJUZ�PG�UIJT�BQQSPBDI�XBT�QSPWFO�XJUI�B�

TNBMM�TBNQMF�TFU�PG�B�OFX�QSPUFJO�QSPEVDU��5IF�NFUIPE�WBMJEBUJPO�XBT�TJNQMJGJFE�BT�JU�XBT�

QPTTJCMF� UP� SFOPVODF� PO� UIF� DPNQMFY� QBSBNFUFST� TVDI� BT� BDDVSBDZ
� QSFDJTJPO
� BOE�

MJOFBSJUZ��*OTUFBE�UIF�UISFTIPME�XBT�DIBMMFOHFE�UP�UFTU�UIF�DMBTTJGJDBUJPO�NFUIPE��

5SBOTGFSBCJMJUZ� JTTVFT
� QSFWBMFOU� JO�/*34
� DPVME�CF�BWPJEFE�CZ� SFNPEFMJOH�B� DPNQBSBCMF�

DBMJCSBUJPO�PO�B�TFDPOE�EFWJDF�XJUIPVU�FYUFOTJWF�FGGPSUT��

%VF� UP� UIF� SBQJEJUZ� PG� UIJT� BOBMZTJT� JU� XBT� BQQMJDBCMF� BU�MJOF� GPS� B� NBOVBM� UPUBM� RVBMJUZ�

DPOUSPM�PG�BO�FOUJSF�CBUDI�QFSGPSNFE�NBOVBMMZ��5IJT�QSPEVDFE�TFSJPVT� TBWJOHT�QSPWJEJOH�

UIF�CBTF�GPS�B�QBZCBDL�BDDPVOUJOH��
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&����� 5IF�QSPDFTT�TJNVMBUPS�

*O�PSEFS�UP�MJNJU�UIF�GJOBODJBM�SJTL�PG�JOWFTUNFOU
�B�QSPUPUZQF�XBT�EFTJHOFE�JO�BMMVTJPO�UP�B�

GJOBM�QMBOU�UP�TJNVMBUF�UIF�SFBM�QSPDFTT�DPOEJUJPOT��"MM�UIF�GPSNBUT�DPVME�CF�GFE�UP�UIF�/*3�

TFOTPS� JO� UIF� PSJHJOBM� WFMPDJUZ� BOE� /*3� NFBTVSFE� TJNVMUBOFPVTMZ�� "MPOHTJEF
� B��

��� $'3� 1BSU� ��� DPNQMJBOU� JO�MJOF� TPGUXBSF� XBT� QSPHSBNNFE� BDDPSEJOH� UP� DVTUPNFS�

TQFDJGJD�SFRVJSFNFOUT�UP�TVSWFZ�UIF�QSPDFTT�TUSFBN��*O�UIF�QSPTQFDUJWF�QMBOU�JOUFHSBUJPO�B�

TJNJMBS�TZTUFN�TIPVME�CF�SFBMJ[FE�XJUI�UIF�BEEJUJPOBM�GFBUVSF�PG�BO�BVUPNBUFE�TVQQMZ�BOE�

SFKFDUJPO�PG�OPO�DPNQMJBOU�TBNQMFT��

&������� %ZOBNJD�TDBO�NPEF�FWBMVBUJPO�

5IF� /*3� NFBTVSFNFOUT� XFSF� QFSGPSNFE� PO� DPOUJOVPVTMZ� NPWJOH� WJBMT�� 5IF� IJHIFS� UIF�

SPUBSZ� TQFFE� PG� UIF� TUBSXIFFM
� UIF� TIPSUFS� UIF� UJNF� UIF� TBNQMFT� SFNBJOFE� BCPWF� UIF�

TFOTPS�XJOEPX��/FWFSUIFMFTT
� UIF� TDBO�QBSBNFUFST� TIPVME� TUBZ� JOEFQFOEFOU� PO� WFMPDJUZ�

DIBOHFT��5IVT
�GPS�FBDI�WJBM�GPSNBU�B�DPOGJHVSBUJPO�XBT�EFGJOFE�CZ�B�1$"
�XIJDI�BMMPXFE�

/*3�NFBTVSFNFOUT�XJUIPVU�SFTQFDU�UP�UIF�DVSSFOU�TQFFE��*O�PSEFS�UP�JODSFBTF�UIF�OVNCFS�

PG�QPTTJCMF�TDBOT�UIF�XBWFMFOHUI�SBOHF�XBT�SFEVDFE�UP��
����UP��
����ON��-BUFS�PO�BMM�UIF�

EZOBNJD�TQFDUSB�XFSF�UBLFO�BDDPSEJOH�UP�UIFTF�TFUUJOHT��

&������� %ZOBNJDBMMZ�WBMJEBUFE�RVBOUJUBUJWF�NPEFM�1SPEVDU�#�

5IF� CBUDI� JOTQFDUJPO� XJUI� UIF� TUBUJDBMMZ� WBMJEBUFE� RVBMJUBUJWF� NPEFM� 1SPEVDU� #� SFKFDUFE�

SFQSFTFOUBUJWF� TBNQMFT� PSJHJOBUJOH� PVU� PG� SPVUJOF� CBUDIFT�� .BJOMZ� UIFTF� TBNQMFT� XFSF�

EFQMPZFE� UP�DPNQPTF�BO�FYUFOEFE�TBNQMF�TFU� GPS� UIF�EFNPOTUSBUJPO�PG�B�(.1�DPOGPSN�

DBMJCSBUJPO� BOE� WBMJEBUJPO� PG� B� RVBOUJUBUJWF�/*3�NPEFM�� 5IF� TVCTUBOUJBM� TUBUJTUJDBM� UFTU� PG�

HFOFSBM�SFDPHOJUJPO�QSPWFE�UIF�NFUIPE�DPNQBSBCJMJUZ�UP�,'�UJUSBUJPO�BOE�TZTUFN�TVJUBCJMJUZ�

GPS�B�EZOBNJD�BOBMZTJT��

5IF� SPCVTUOFTT� UFTUJOH�TIPXFE�OP� TJHOJGJDBOU� JNQBDU�PO� UIF�/*3�NFBTVSFNFOU�XJUIJO�B�

SFBMJTUJD� UFNQFSBUVSF� JOUFSWBM��"� SFQSPEVDJCJMJUZ� UFTU�QSPWFE� WFMPDJUZ� JOEFQFOEFODF� JO� UIF�

SBOHF�PG�����������TBNQMFT�QFS�NJOVUF��

5IF�TIPSUDPNJOH�PG�UIF�NFUIPE�XBT�UIF�BOBMZTJT�PG�TBNQMFT�XJUI�NPJTUVSF�DPOUFOUT�CFMPX�

���� ��� 5IF� JNQBDU� PG� UIF� BCTPMVUF� GBJMVSF� PG� UIF� SFGFSFODF� NFUIPE� BOE� UIF� SFMBUJWF�

EFWJBUJPO� PG� SFQFBUFE�NFBTVSFNFOUT�XBT�FYDFQUJPOBMMZ�IJHI�� 'PS� GVUVSF� DBMJCSBUJPOT� UIJT�

GFBUVSF�TIPVME�CF�SFHBSEFE�NPSF�DMPTFMZ��
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)PXFWFS
� UIJT� GBTU� BOE� SPCVTU� /*3�NPEFM� SFRVJSFE� FOPSNPVT� DBMJCSBUJPO� BOE� WBMJEBUJPO�

FGGPSUT�� 1SJPS� UP� BOZ� DPNNJUNFOU� B� TFSJPVT� BTTFTTNFOU� BCPVU� UIF� VTFGVMOFTT� TIPVME� CF�

QFSGPSNFE�� 5IF� JNQMFNFOUBUJPO� PG� TVDI� B� NPEFM� XPVME� POMZ� CF� CFOFGJDJBM� JG� B� MBSHF�

OVNCFS�PG�TBNQMFT�XBT�BOBMZ[FE�BGUFSXBSET��

&������� %ZOBNJD�RVBOUJUBUJWF�NPEFM�1SPEVDU�$�����NH�

"� DPNQMFUF� 1SPEVDU� $� ���� NH� CBUDI� JOTQFDUJPO� XBT� JOWFTUJHBUFE� BU�MJOF� JO� PSEFS� UP�

DIBMMFOHF� CPUI� UIF� TJNVMBUPS� BOE� UIF� JO�MJOF� TPGUXBSF� VOEFS� SFBM� DPOEJUJPOT�� 'FX� 004�

TBNQMFT�XFSF�EFUFDUFE�BOE�SFKFDUFE�UIBU�DPVME�PUIFSXJTF�OPU�CF�EJTDPWFSFE�CZ�USBEJUJPOBM�

PQUJDBM�NFUIPET��5IF�PWFSBMM�RVBMJUZ�PG� UIJT�CBUDI�XBT�JNQSPWFE�BOE�DPVME�CF�DPOGJSNFE�

BT�DPNQMZJOH�XJUI�UIF�TQFDJGJDBUJPOT��

5IF� OBSSPX� EJTUSJCVUJPO� PG� UIF� XBUFS� DPOUFOU� 	���� �� ���� �
� PG� UIF� NBKPSJUZ� PG� UIF� WJBMT�

BQQSPWFE� UIF� QSPDFTT� DPOUSPM�� 5IF� SFQSFTFOUBUJPO� PG� UIF� RVBOUJUBUJWF� SFTVMUT� EJE� OPU�

QSPWJEF� BOZ� BEEJUJWF� JOGPSNBUJPO� BOE� UIVT
� XBT� OPU� DPOTJEFSFE� BT� CFJOH� VTFGVM� GPS� UIF�

SPVUJOF�QSPEVDUJPO��5IF�SFTVMUT�PG�UIJT�DPNQMFUF�JOTQFDUJPO�BEEFE�RVBMJUBUJWF�BSHVNFOUT�UP�

UIF�FTUJNBUJPO�PG�UIF�QPUFOUJBM�CFOFGJU��

&����� *OWFTUNFOU�BDDPVOUJOH�

5IF�SFTVMUT�PG�UIF�UXP�JOTQFDUJPOT�PG�FOUJSF�CBUDIFT�GPSNFE�UIF�CBTJT�PG�UIF�CVTJOFTT�DBTF�

DBMDVMBUJPO��5IF�QPUFOUJBM�CFOFGJU�XBT�JUFNJ[FE�JO�EJGGFSFOU�DPTU�DBUFHPSJFT�DPOTJEFSJOH�UIF�

FYUFSOBM�BOE� JOUFSOBM�DPTU�PG�RVBMJUZ�BT�XFMM�BT�UIF�DPTU�PG� UFTUJOH��'PS� UIF�DBMDVMBUJPO�PG�

UIF� JOWFTUNFOU� BNPSUJ[BUJPO
� POMZ� UIF� SJTL� PG�QSPEVDU� EFTUSVDUJPO� BT�QBSU� PG� UIF� JOUFSOBM�

DPTUT�PG�RVBMJUZ�XFSF�SFHBSEFE��%VF�UP�UIF�TIPSU�UJNF�TDBMF�PG�UIF�JOWFTUNFOU�BDDPVOUJOH�

UIF�NPSF�DPNQMFY�EZOBNJD�NFUIPET�XFSF�OPU�SFRVJSFE��/FWFSUIFMFTT
�CPUI�UIF�EJTDPVOUFE�

/17�BOE�*33�DPOGJSNFE�UIF�SFTVMU�PG�UIF�TUBUJD�QBZCBDL�DBMDVMBUJPO��

"T�UIF�QBZCBDL�QFSJPE�XBT�CFMPX���ZFBST
�UIF�JO�MJOF�1"5�QSPKFDU�XBT�BTTVNFE�BT�CFJOH�

IJHIMZ�QSPGJUBCMF��5IF�DPTU�PG� UFTUJOH
�FYUFSOBM�DPTU�PG�EFGFDUT
�BOE�RVBMJUBUJWF�BSHVNFOUT�

QSPWJEFE�GVSUIFS�SFBTPOT�GPS�B�QSPTFDVUJPO�PG�UIF�QSPKFDU��



&���0VUMPPL�
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&���0VUMPPL�

0OMZ�UIF�VTF�PG�BO�JO�MJOF�1"5�XPVME�SFBMMZ�HJWF�UIF�EFTJSFE�JOGPSNBUJPO�BCPVU�UIF�HMPCBM�

RVBMJUZ�PG�B�DPNQMFUF�MPU�BOE�SFQSFTFOU�UIF�QSPQFS�VOEFSTUBOEJOH�PG�D(.1��8JUI�/*34
�UIF�

QIBSNBDFVUJDBM� JOEVTUSZ� DPVME� NPWF� POF� TUFQ� DMPTFS� UP� k[FSP�EFGFDUk� RVBMJUZ� DPOUSPM
�

NBLJOH� UIF� DPTUT� BTTPDJBUFE�XJUI� UIF�NFUIPE�T� EFWFMPQNFOU�XFMM� TQFOU�� #VU
� QSJPS� UP� B�

DPOTJTUFOU�JNQMFNFOUBUJPO�TFWFSBM�GVSUIFS�RVFTUJPOT�TIPVME�CF�BOTXFSFE��

¾ 8IJDI�LJOE�PG�DBMJCSBUJPO�TUSBUFHZ�TIPVME�CF�GPMMPXFE �

5IF�NBJO�JOUFSFTU�PG�UIF�JO�MJOF�/*3"�JT�UP�LOPX�XIFUIFS�UIF�TQFDJGJDBUJPO�MJNJU�JT�NFU�PS�

OPU��5IVT
�UIF�IJHIFTU�BDDVSBDZ�PG�QSFEJDUJPO�TIPVME�CF�BDIJFWFE�BU�UIJT�UISFTIPME�WBMVF��

'PS�SFTFBSDI�JOWFTUJHBUJPOT�BOE�GSFF[F�ESZJOH�WBMJEBUJPO�QVSQPTFT�UIF�FYBDU�SFBEJOH�PG�UIF�

BOBMZUF�PG�JOUFSFTU�NBZ�CF�JOUFSFTUJOH��#VU�GPS�UIF�SPVUJOF�BOBMZTJT�UIF�RVBOUJUBUJWF�BOBMZTJT�

SFTVMUT�XJMM�BMXBZT�CF�TVNNBSJ[FE�JO�UIF�UFSNT��DPOGPSN��PS��OPO�DPOGPSN���*G�UIJT�XBT�UIF�

DBTF
� B� RVBMJUBUJWF� QSFEJDUJPO� BTTJHONFOU� XPVME� CF� MBSHFMZ� TVGGJDJFOU�� 5IJT� DPVME� BWPJE�

JNQPSUBOU� DBMJCSBUJPO� BOE� WBMJEBUJPO� XPSL� BT� XFMM� BT� UIF� QSPCMFN� PG� FYUFOEFE� EBUB�

IBOEMJOH� BDDVNVMBUFE� PWFS� MPOH� UFSN�� 5IF� DIBMMFOHF� PG� DBMJCSBUJPO� USBOTGFST� DPVME� CF�

SFEVDFE��

¾ )PX�UP�DBMJCSBUF�OFX�QSPEVDUT �

5IFSF�BSF� UXP�PQUJPOT� GPS� UIF�DBMJCSBUJPO�PG�OFX�QSPEVDUT�� 5IF�CFTU�BOBMZTJT� SFTVMUT�BSF�

VTVBMMZ�NFU�JG�BMM�UIF�DPOEJUJPOT�XFSF�FRVBM�UP�UIPTF�PG�UIF�GJOBM�BOBMZTJT��5IVT
�GPS�JO�MJOF�

DBMJCSBUJPOT�JU�XPVME�CF�PQUJNBM�UP�QFSGPSN�UIF�DBMJCSBUJPO�XPSL�PO�UIF�GJOBM�TQFDUSPNFUFS�

JOUFHSBUFE�JO�UIF�QSPEVDUJPO�TUSFBN��0ODF�UIF�QMBOU�JT�JOTUBMMFE
�UIF�BDDFTT�XJMM�CF�MJNJUFE�

GPS� QSFQBSBUPSZ� XPSL�� *O� UIJT� DBTF� FJUIFS� UJNFTBWJOH� DBMJCSBUJPO� TUSBUFHJFT� TIPVME� CF�

QSFGFSSFE�	F�H��RVBMJUBUJWF�NPEFMT
�PS�JU�XJMM�CF�SFRVJSFE�UP�USBOTGFS�UIF�NPEFMT�GSPN�BO�PGG�

MJOF�MBCPSBUPSZ�FOWJSPONFOU��

¾ )PX�UP�JODSFBTF�UIF�QFSGPSNBODF�PG�UIF�EZOBNJD�BOBMZTJT
�

JO�UFSNT�PG�WFMPDJUZ�PS�BDDVSBDZ�SFTQFDUJWFMZ �

#Z� OBUVSF� UIFSF� XJMM� BMXBZT� CF� B� DPNQSPNJTF� CFUXFFO� TQFFE� BOE� BDDVSBDZ�� 5IF�

NFBTVSFNFOU� WFMPDJUZ� JT� EFQFOEFOU� PO� UIF� BNPVOU� PG� TDBOT� BOE� UIF� OVNCFS� PG�

XBWFMFOHUIT��"T�B�TUBOEBSE
� UIF�SBOHF� GSPN��
���� UP��
����ON�XBT�DPWFSFE� UP� JODSFBTF�

UIF�EFHSFF�PG� GSFFEPN� GPS� UIF�DBMJCSBUJPO��#VU� UIF�NPEFMT�TIPXFE�CFUUFS�QFSGPSNBODF�JG�
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UIF� TQFDUSB� XFSF� USVODBUFE� UP� �
���� UP� �
���� ON� PS� B� FWFO� NPSF� OBSSPX� SBOHF�� "�

SFEVDUJPO�PG�UIF�XBWFMFOHUIT�XPVME�EFDSFBTF�UIF�SFRVJSFE�TDBO�UJNF��"DDPSEJOHMZ
�FJUIFS�

NPSF� TDBOT� DPVME� CF� QFSGPSNFE� UP� JODSFBTF� BDDVSBDZ� BOE� SFQFBUBCJMJUZ� PS� UIF�

NFBTVSFNFOU� DPVME� CF� BDDFMFSBUFE�� 8JUI� FMFDUSPOJD� NPEJGJDBUJPOT� UIF� NBYJNBM� SPUBSZ�

TQFFE�PG�UIF�TJNVMBUPS�DPVME�CF�JODSFBTFE�UP�BCPVU�����TBNQMFT�QFS�NJOVUF��

¾ 8IBU�EPFT�USBOTGFSBCJMJUZ�TJHOJGZ�BOE�IPX�DPVME�JU�CF�BDIJFWFE �

*O� UIJT� DPOUFYU� USBOTGFSBCJMJUZ� EFOPUFT� UIF� VTF� PG� BO� /*3� NPEFM� PO� BOPUIFS� EFWJDF� PS�

EJGGFSFOU�DPOEJUJPOT�UIBO�JU�XBT�EFTJHOFE��5IJT�QSPDFEVSF�XJMM�CF�SFRVJSFE�F�H��JO�DBTF�PG�B�

CSFBLEPXO�PG�FRVJQNFOU�PS�XIFO�UIF�TBNF�BOBMZTJT�JT�TVQQPTFE�UP�CF�BQQMJFE�BU�NVMUJQMF�

MPDBUJPOT�� 5IF� UFSN� USBOTGFSBCJMJUZ� DBO� SFGFS� UP� EJGGFSFOU�/*3� TQFDUSPNFUFST� PG� UIF� TBNF�

NPEFM�TFSJFT
� UIF�BVUPNBUJPO� UIF�TQFDUSPNFUFS� JT� JOTUBMMFE�PO
�PS� UIF�XPSL�FOWJSPONFOU
�

J�F��MBCPSBUPSZ�BOE�QSPEVDUJPO��

'PS�UIF�NPEFM�USBOTGFS�CFUXFFO�TQFDUSPNFUFST�EJGGFSFOU�BQQSPBDIFT�BSF�GFBTJCMF��1SPCBCMZ�

UIF� FBTJFTU� JT� UIF�VTF� PG� DPSSFDUJPO� GBDUPST� JO�PSEFS� UP�BEBQU� BO� BMSFBEZ�DPNQVUFE� UP�B�

GVSUIFS�TQFDUSPNFUFS��5IF�TFDPOE�PQUJPO� JT� UP�HFOFSBUF�NJYFE�NPEFMT�XJUI�TQFDUSB� GSPN�

EJGGFSFOU� BQQBSBUVT� PS� NFBTVSFNFOU� DPOEJUJPOT�� "U� MFBTU� XJUI� UJNF� UIF� QFSJPEJD� NPEFM�

BEKVTUNFOU� XJMM� JOUSPEVDF� NPSF� BOE� NPSF� JOBDDVSBDZ� UP� UIFTF� NPEFMT�� 5IVT
� UIF�

NBOVGBDUVSFST�PGGFS�TPGUXBSF�UPPMT�GPS�UIF�BMJHONFOU�PG�EJGGFSFOU�TQFDUSPNFUFST�UP�JNQSPWF�

USBOTGFSBCJMJUZ��6TVBMMZ�UIFZ�BSF�XPSLJOH�JO�B�UXP�TUFQ�QSPDFEVSF
�XIFSFBT�JO�UIF�GJSTU�UIF�

XBWFMFOHUI� BDDVSBDZ� JT� CBMBODFE� BOE� UIFO� UIF� DPSSFTQPOEJOH� BCTPSQUJPO� DPFGGJDJFOU� JT�

BEKVTUFE��

%VSJOH�UIJT�QSPKFDU�/*3�NFBTVSFNFOUT�XFSF�QFSGPSNFE�JO�B�TUBUJD�MBCPSBUPSZ�TFU�VQ
�BOE�B�

EZOBNJD� QSPDFTT� TJNVMBUJPO�� 1SPTQFDUJWFMZ
� UIF� TBNF� BOBMZTJT� XJMM� CF� FYQMPSFE� PO� BO�

JOEVTUSJBM� QMBOU�� "DDPSEJOH� UP� UIF� WBMJEBUFE� RVBOUJUBUJWF� NPEFM� 1SPEVDU� #� UIFSF� JT� OP�

JNQBDU� PG� UIF� TVSSPVOEJOH� XPSL� DPOEJUJPOT� FYQFDUFE�� #VU
� FTQFDJBMMZ� UIF� FRVBMJUZ� PG�

BOBMZTJT�CFUXFFO�UIF�TJNVMBUPS�BOE�B�GVUVSF�JO�MJOF�QMBOU�TUJMM�SFNBJOT�UP�CF�QSPWFO��

¾ 8IBU�BSF�UIF�DSJUJDBM�GBDUPST�PG�UIF�JO�MJOF�1"5�QSPKFDU �

/*3� JT� B� DPNQMFY� BOBMZTJT� UFDIOJRVF� BTTVNJOH� BU� MFBTU� CBTJD� LOPXMFEHF� JO� WBSJPVT�

EPNBJOT
� TVDI� BT� DIFNJTUSZ� BOE� NBUIFNBUJDT�� (PPE� TLJMMT� JO� HFOFSBM� TQFDUSPTDPQZ
�

TQFDJGJD� TUBUJTUJDT
� BOE� DIFNPNFUSJDT� BSF� OFDFTTBSZ�� 'PS� UIF� JO�MJOF� BQQMJDBUJPO� UIF�

SFRVJSFNFOUT� PG� DPNQVUFS� TLJMMT� BOE� UFDIOJDBM� VOEFSTUBOEJOH� JODSFBTF�� "DDPSEJOHMZ
� UIF�
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FYUFOE� PG� USBJOJOH� GPS� EFWFMPQNFOU� BOE� NBJOUFOBODF� QFSTPOOFM� JT� JNQPSUBOU�� 'JSTU� UIF�

PSJFOUBUJPO� QIBTF� BOE� UIFO� UIF� NFUIPE� EFWFMPQNFOU� JT� UJNF� DPOTVNJOH�� 5IVT
� UIF�

TVDDFTTGVM�JNQMFNFOUBUJPO�JT�EFQFOEFOU�PO�DPOUJOVPVTMZ�FNQMPZFE�MBCPS��

5IF�BQQBSBUVT�BOE�DBMJCSBUJPOT�OFFE�UP�CF�NBJOUBJOFE�SFHVMBSMZ�CZ�UIFTF�/*3�TQFDJBMJTUT��

5IF� NBJOUFOBODF� TIPVME� DPODFSO� UIF� QSPQFS� TQFDUSPNFUFS� GVODUJPOBMJUJFT� 	XBWFMFOHUI�

BDDVSBDZ
� SFQFBUBCJMJUZ
�OPJTF� MFWFM
� MJHIU� TPVSDF
�FUD�

�CVU�BMTP� UIF�NPEFMT��QFSGPSNBODF��

5IJT�NFBOT�UIBU�UIF�QSFEJDUJPO�BDDVSBDZ�PG�B�SFQSFTFOUBUJWF�OVNCFS�PG�TBNQMFT�TIPVME�CF�

WFSJGJFE� CZ� B� DPNQBSJTPO� XJUI� UIF� SFTVMUT� PG� UIF� SFGFSFODF� NFUIPE�� 5P� BTTVSF� UIF�

SFBMJ[BUJPO�PG�UIFTF�QFSJPEJD�WFSJGJDBUJPOT�TUSJDU�UJNF�QFSJPET�IBWF�UP�CF�EFGJOFE��

%VF�UP�UIF�FMBCPSBUF�QSFQBSBUJWF�XPSL
�JODMVEJOH�CFZPOE�PUIFST�UIF�TBNQMF�TFMFDUJPO�BOE�

QSFQBSBUJPO
�UIF�SFGFSFODF�NFUIPE�BT�XFMM�BT�UIF�BMM�FNCSBDJOH�WBMJEBUJPO
�/*3�DBMJCSBUJPOT�

DBO� POMZ� CF� QSPGJUBCMF� JG� B� HSFBU� BNPVOU� PG� BOBMZTFT� XJMM� CF� QFSGPSNFE� BGUFSXBSET��

8IFOFWFS� UIF� TBNQMF� JT� NPEJGJFE� JO� UFSNT� PG� DIFNJDBM� PS� QIZTJDBM� QBUUFSO
� F�H�� UIF�

GPSNVMBUJPO� PS� UIF� QBDLBHJOH� PG� UIF� QSPEVDU
� UIF� /*3� SFTQPOTF� NBZ� CF� BGGFDUFE�� 5IJT�

SFRVJSFT�B�WFSJGJDBUJPO�PG�UIF�NPEFM�TVJUBCJMJUZ��
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'����� 4QFDUSPTDPQJD�EFGJOJUJPOT�

¾ "CTPSCBODF�

"CTPSCBODF�"
�JT�SFQSFTFOUFE�CZ�UIF�GPMMPXJOH�FRVBUJPO��
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Equation F-1: Computation of the absorbance, with I = intensity of radiation passing through or 

reflected from the sample, I0 = intensity of the incident light energy from the source, and T and 

r = transmittance and reflectance, respectively. 

5IF� JOUFOTJUZ� JODMVEFT� MPTTFT�EVF� UP� TPMWFOU� BCTPSQUJPO
� SFGSBDUJPO
� BOE� TDBUUFSJOH�XIFO�

UIF� TBNQMF� JT� OPU� QSFTFOU�� *O� SFGMFDUBODF� NFBTVSFNFOUT
� JU� JT� UIF� JOUFOTJUZ� PG� SBEJBUJPO�

JOEJSFDUMZ�SFGMFDUFE�GSPN�UIF�CBDLHSPVOE�SFGFSFODF�NBUFSJBM��

¾ "DDVSBDZ�

5IF�BDDVSBDZ�PG�B�NFBTVSFNFOU�NFUIPE� JT� JUT� GBJUIGVMOFTT
� J�F�� IPX�DMPTF� UIF�NFBTVSFE�

WBMVF�JT�UP�UIF�BDUVBM�WBMVF��"DDVSBDZ�EJGGFST�GSPN�QSFDJTJPO
�XIJDI�JOEJDBUFT�UIF�TQSFBE�PG�

TVDDFTTJWF�NFBTVSFNFOUT�QFSGPSNFE�PO�UIF�TBNF�PCKFDU��

¾ $PMMJOFBSJUZ�

5IF� UFSN�DPMMJOFBSJUZ�NFBOT� UIF� MJOFBS� SFMBUJPOTIJQ�CFUXFFO�WBSJBCMFT��5XP�WBSJBCMFT�BSF�

DPMMJOFBS� JG� UIF� WBMVF� PG� POF� WBSJBCMF� DBO� CF� DPNQVUFE� GSPN� UIF� PUIFS
� VTJOH� B� MJOFBS�

SFMBUJPO��5ISFF�PS�NPSF�WBSJBCMFT�BSF�DPMMJOFBS�JG�POF�PG�UIFN�DBO�CF�FYQSFTTFE�BT�B�MJOFBS�

GVODUJPO� PG� UIF� PUIFST�� 7BSJBCMFT� XIJDI� BSF� OPU� DPMMJOFBS� BSF� TBJE� UP� CF� MJOFBSMZ�

JOEFQFOEFOU�� $PMMJOFBSJUZ� JT� UIF� NBKPS� DBVTF� PG� USPVCMF� GPS� .-3� NPEFMT
� XIFSFBT�

QSPKFDUJPO�NFUIPET�MJLF�1$"
�1$3
�BOE�1-4�IBOEMF�DPMMJOFBSJUZ�XFMM��
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¾ %JGGVTF�3FGMFDUBODF�

%JGGVTF� 3FGMFDUBODF� JT� UIBU� QPSUJPO� PG� SBEJBUFE� MJHIU� QFOFUSBUJOH� UIF� TBNQMF� TVSGBDF
�

JOUFSBDUJOH�XJUI�UIF�BOBMZUF�NBUFSJBM
�BOE�CFJOH�SFGMFDUFE�CBDL�UP�UIF�EFUFDUPS��5IJT�JT�UIF�

QBSU�PG�UIF�PWFSBMM�SFGMFDUBODF�UIBU�QSPEVDFT�UIF�BCTPSCBODF�TQFDUSVN�PG�UIF�TBNQMF��

¾ -PBEJOHT�

-PBEJOHT� BSF� FTUJNBUFE� JO� CJMJOFBS� NPEFMJOH� NFUIPET� XIFSF� JOGPSNBUJPO� DBSSJFE� CZ�

TFWFSBM� WBSJBCMFT� JT� DPODFOUSBUFE� POUP� B� GFX� DPNQPOFOUT�� &BDI� WBSJBCMF� IBT� B� MPBEJOH�

BMPOH� FBDI� NPEFM� DPNQPOFOU�� 5IF� MPBEJOHT� TIPX� IPX� XFMM� B� WBSJBCMF� JT� UBLFO� JOUP�

BDDPVOU�CZ�UIF�NPEFM�DPNQPOFOUT��5IFZ�BSF�VTFE�UP�VOEFSTUBOE�IPX�NVDI�FBDI�WBSJBCMF�

DPOUSJCVUFT�UP�UIF�NFBOJOHGVM�WBSJBUJPO�JO�UIF�EBUB
�BOE�UP�JOUFSQSFU�WBSJBCMF�SFMBUJPOTIJQT��

5IFZ�BSF�BMTP�VTFGVM�UP�VOEFSTUBOE�UIF�NFBOJOH�PG�FBDI�NPEFM�DPNQPOFOU��

¾ .BIBMBOPCJT�EJTUBODF�

.VMUJWBSJBUF� UFDIOJRVFT� BSF� PGUFO� CBTFE� PO� UIF� NFBTVSFNFOUT� PG� EJTUBODFT� CFUXFFO�

PCKFDUT��0OF�PG� UIF�NPTU�DPNNPOMZ�VTFE�EJTUBODF�NFBTVSF� JT� UIF�.BIBMBOPCJT�EJTUBODF�

DBMDVMBUFE�JO�UIF�PSJHJOBM�WBSJBCMF�PS�JO�UIF�QSJODJQBM�DPNQPOFOU�TQBDF��

¾ .PEFM�

.BUIFNBUJDBM� FRVBUJPO� TVNNBSJ[JOH� WBSJBUJPOT� JO� B� EBUB� TFU�� .PEFMT� BSF� CVJMU� UP�

VOEFSTUBOE� UIF� TUSVDUVSF� PG� B� EBUB� UBCMF� CFUUFS� UIBO� CZ� MPPLJOH� BU� BMM� SBX� EBUB� WBMVFT��

4UBUJTUJDBM� NPEFMT� DPOTJTU� PG� B� TUSVDUVSFE� QBSU� BOE� BO� FSSPS� QBSU�� 5IF� TUSVDUVSF� QBSU�

	JOGPSNBUJPO
� JT� JOUFOEFE� UP� CF� VTFE� GPS� JOUFSQSFUBUJPO� PS� QSFEJDUJPO
� BOE� UIF� FSSPS� QBSU�

	OPJTF
�TIPVME�CF�BT�TNBMM�BT�QPTTJCMF�GPS�UIF�NPEFM�UP�CF�SFMJBCMF��

¾ /PJTF�

/PJTF�JT�EFGJOFE�BT�SBOEPN�WBSJBUJPO�UIBU�EPFT�OPU�DPOUBJO�BOZ�JOGPSNBUJPO��5IF�QVSQPTF�

PG�NVMUJWBSJBUF�NPEFMJOH�JT�UP�TFQBSBUF�JOGPSNBUJPO�GSPN�OPJTF��

¾ 1FBL�UP�QFBL�OPJTF�

1FBL� UP�QFBL�OPJTF� JT� UIF�EJGGFSFODF�CFUXFFO� UIF�NBYJNVN�BOE� UIF�NJOJNVN�WBMVFT�PG�

BCTPSCBODF�EFGJOFE�XJUIJO�B�SFTUSJDUFE�XBWFMFOHUI�PS�FOFSHZ�SBOHF�PG�B�OPJTF�TQFDUSVN��
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¾ 3FTPMVUJPO�

%BUB� 3FTPMVUJPO� JT� UIF� TQBDJOH
� JO� ON� PS� DN /
0

� CFUXFFO� UIF� EBUB� QPJOUT� DPMMFDUFE� JO� B�

TQFDUSVN��

4QFDUSBM� 3FTPMVUJPO
� BMTP� DBMMFE� JOTUSVNFOU� CBOEXJEUI
� JT� B� NFBTVSF� PG� UIF� BCJMJUZ� PG� B�

TQFDUSPNFUFS� UP� TFQBSBUF� BEKBDFOU� OBSSPX� TQFDUSBM� MJOFT�� 4QFDUSBM� SFTPMVUJPO� PG� BO�

JOTUSVNFOU�JT�BGGFDUFE�CZ�BMM�PQUJDBM�FMFNFOUT�JO�UIF�TZTUFN
�OBNFMZ
�UIF�TPVSDF�HFPNFUSZ
�

BQFSUVSFT
� MFOTFT
� NJSSPST
� EFUFDUPS� FMFNFOUT
� EJGGSBDUJPO� HSBUJOH
� FUD�� 5IF� MJOF� XJEUI� BU�

IBMG�JOUFOTJUZ�PG�B�OBSSPX�CBOE�MBTFS�TPVSDF�PS�B�WFSZ�TIBSQ�BCTPSQUJPO�QFBL�DBO�CF�VTFE�

UP�NFBTVSF�SFTPMVUJPO��

¾ 4DPSFT�

4DPSFT�BSF�FTUJNBUFE� JO�CJMJOFBS�NPEFMJOH�NFUIPET�XIFSF� JOGPSNBUJPO�DBSSJFE�CZ�TFWFSBM�

WBSJBCMFT�JT�DPODFOUSBUFE�POUP�B�GFX�VOEFSMZJOH�WBSJBCMFT��&BDI�TBNQMF�IBT�B�TDPSF�BMPOH�

FBDI�NPEFM� DPNQPOFOU�� 5IF� TDPSFT� TIPX� UIF� MPDBUJPOT� BMPOH� FBDI�NPEFM� DPNQPOFOU
�

BOE�DBO�CF�VTFE�UP�EFUFDU�TBNQMF�QBUUFSOT
�HSPVQJOHT
�TJNJMBSJUJFT�PS�EJGGFSFODFT��

¾ 5SBOTGMFDUBODF�

5SBOTGMFDUBODF�JT�B�USBOTNJUUBODF�NFBTVSFNFOU�UFDIOJRVF�XIFSF�UIF�SBEJBUJPO�DSPTTFT�UIF�

TBNQMF�UXJDF
�UIF�TFDPOE�UJNF�BGUFS�CFJOH�SFGMFDUFE�GSPN�B�TVSGBDF�CFIJOE�UIF�TBNQMF
�F�H��

B�������SFGMFDUBODF�TUBOEBSE��

¾ 5SBOTNJUUBODF�

5SBOTNJUUBODF�JT�SFQSFTFOUFE�CZ�UIF�GPMMPXJOH�FRVBUJPO��

0,
,7 =
�

Equation F-2: Computation of the transmittance T, with I = intensity of the radiation transmitted 

through the sample; I0 = intensity of the radiant energy incident on the sample including losses 

due to solvent absorption, refraction, and scattering. 
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'����� 4UBUJTUJDT�

¾ #JBT�

#JBT� JT� UIF�BWFSBHF�WBMVF�PG� SFTJEVBMT�DBMDVMBUFE� GSPN�DPOTUJUVFOU�WBMVFT�PG�B�QSFEJDUJPO�

TFU��"�CJBT�WBMVF�DMPTF�UP�[FSP�	�
�JOEJDBUFT�UIBU�UIF�EFWJBUJPOT�BSF�EJTUSJCVUFE�SBOEPNMZ��"�

CJBT� WBMVF� 	FJUIFS� QPTJUJWF� PS� OFHBUJWF
� UIBU� JT� MBSHF� DPNQBSFE� XJUI� UZQJDBM� DPOTUJUVFOU�

WBMVFT�JOEJDBUFT�TZTUFNBUJD�FSSPS
�F�H��DIBOHFT�JO�UIF�JOTUSVNFOU
�UIF�DPOEJUJPO�PG�TBNQMFT�

PS� UIF� TZTUFN� CFJOH� BOBMZ[FE
� PS� JO� UIF� SFGFSFODF� BOBMZTJT�� *O� TPNF� DBTFT
� TJNQMF� CJBT�

DPSSFDUJPO�DBO�CF�VTFE�UP�BEESFTT�UIJT�QSPCMFN��
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Equation F-3: Computation of the bias, with yi = predicted constituent value, 3\̂ = true 

constituent value of the respective yi, and N = population size. 

¾ $PSSFMBUJPO�

5IF�NVMUJQMF�DPSSFMBUJPO�DPFGGJDJFOU�	S
�JT�B�NFBTVSF�PG�IPX�XFMM�UIF�TQFDUSBM�EBUB�GJUT�UIF�

DPOTUJUVFOU� WBMVFT�� 5IJT� TUBUJTUJDBM� RVBOUJUZ
� BMTP� DBMMFE� DPFGGJDJFOU� PG� NVMUJQMF�

EFUFSNJOBUJPO
� JT� FRVBM� UP� [FSP�XIFO�TQFDUSBM� SFTQPOTF� JT�VOSFMBUFE� UP� DPOTUJUVFOU� EBUB�

	SFMBUJPOTIJQ�JT�TUBUJTUJDBMMZ�SBOEPN
��"�WBMVF�PG�POF�TJHOJGJFT�UIBU�UIF�DPOTUJUVFOU�WBMVFT�GJU�

TQFDUSBM� EBUB� QFSGFDUMZ� BOE� BMM� SFTJEVBMT� BSF� FRVBM� UP� [FSP�� 'PSNBMMZ� UIF� DPSSFMBUJPO�

JOEJDBUFT� UIF� GSBDUJPO� PG� UPUBM� WBSJBODF� JO� UIF� EBUB� TFU� NPEFMFE� CZ� UIF� FRVBUJPO�� 5IF�

DPSSFMBUJPO� DPFGGJDJFOU� JT� B� EJNFOTJPOMFTT� DIBSBDUFSJTUJD� PG� UIF� TUSFOHUI� PG� UIF� MJOFBS�

SFMBUJPOTIJQ�CFUXFFO�UXP�WBSJBCMFT�Y�BOE�Z��
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Equation F-4: General formula of the computation of the correlation coefficient (r) between two 

variables x and y. 
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¾ $SPTT�WBMJEBUJPO�

$SPTT� WBMJEBUJPO� JT� B� WBMJEBUJPO� NFUIPE� XIFSF� TPNF� TBNQMFT� BSF� LFQU� PVU� PG� UIF�

DBMJCSBUJPO�BOE�VTFE�GPS�QSFEJDUJPO��5IJT�JT�SFQFBUFE�VOUJM�BMM�TBNQMFT�IBWF�CFFO�LFQU�PVU�

PODF��7BMJEBUJPO�SFTJEVBM�WBSJBODF�DBO�CF�DPNQVUFE�GSPN�UIF�QSFEJDUJPO�SFTJEVBMT��

*O�GVMM�DSPTT�WBMJEBUJPO�	'$7
�POMZ�POF�TBNQMF�BU�B�UJNF�JT�LFQU�PVU�PG�UIF�DBMJCSBUJPO��

*O�TFHNFOUFE�TBNQMF�DSPTT�WBMJEBUJPO�	44$7

�UIF�TBNQMFT�BSF�EJWJEFE�JOUP�TVCHSPVQT�PG�

SFMBUJWF� SFBEJOHT�� &BDI� TVCHSPVQ� DPOUBJOT� GPS� FYBNQMF� SFQFBUFE�NFBTVSFNFOUT�PO� POMZ�

POF�TBNQMF��'PS�WBMJEBUJPO
�BU�B� UJNF�BO�FOUJSF�TFHNFOU� JT�LFQU�PVU�PG� UIF�DBMJCSBUJPO��"�

GJOBM�DBMJCSBUJPO�JT�UIFO�QFSGPSNFE�XJUI�BMM�TBNQMFT��

¾ )ZQPHFPNFUSJD�EJTUSJCVUJPO�

5IF� IZQPHFPNFUSJD� EJTUSJCVUJPO� DPNQVUFT� UIF� QSPCBCJMJUZ� PG� B� HJWFO� OVNCFS� PG� TBNQMF�

TVDDFTTFT
�HJWFO�UIF�TBNQMF�TJ[F
�QPQVMBUJPO�TVDDFTTFT
�BOE�QPQVMBUJPO�TJ[F��5IJT�GVODUJPO�

TIPVME�CF�VTFE�GPS�QSPCMFNT�XJUI�B�GJOJUF�QPQVMBUJPO
�XIFSF�FBDI�PCTFSWBUJPO�JT�FJUIFS�B�

TVDDFTT� PS� B� GBJMVSF
� BOE� XIFSF� FBDI� TVCTFU� PG� B� HJWFO� TJ[F� JT� DIPTFO� XJUI� FRVBM�

MJLFMJIPPE��














−
−








===

Q
1

[Q
01

[
0

10Q[K[;3 ),,;()( �

Equation F-5: Formula of the hypogemoetric distribution, with x = number of success in the 

sample, n = size of the sample, M = number of success in the population, and N = population 

size. 

¾ .FBO�

5IF�NFBO�EFTDSJCFT�UIF�BWFSBHF�WBMVF�PG�B�QPQVMBUJPO��
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Equation F-6: Computation of the mean of a population N. 
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Equation F-7: Calculation of the RMSEP, with i = true constituent value,  

\i = predicted constituent value; and N = population size. 
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GSPN�UIF�DBMJCSBUJPO�PCKFDUT�POMZ��

3.4&1�FYQSFTTFT�UIF�BWFSBHF�FSSPS�UP�CF�FYQFDUFE�BTTPDJBUFE�XJUI�UIF�GVUVSF�QSFEJDUJPOT��

5IFSFGPSF� POF� NBZ� DPOWFOJFOUMZ� HJWF� QSFEJDUFE� :�WBMVFT� VTJOH� �� Y� 3.4&1� BT� UIF�
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�XIFSF�������

XPVME�CF���Y�3.4&1��

#FDBVTF� CJMJOFBS� QSPKFDUJPO� NPEFMJOH� NBLFT� OP� BTTVNQUJPOT� BCPVU� UIF� TUBUJTUJDBM�

EJTUSJCVUJPO� PG� FSSPST
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XBT�QFSGPSNFE
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Equation F-8: Computation of the Standard Deviation (SD), with [  = mean of the population,  

[i = value of a specific sample i, and N = size of the population. 
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Equation F-9: Computation of the SDrel. 

*G� UIF� USVF� WBMVFT� BSF� LOPXO� PS� UIF� TBNF� TBNQMFT� BSF� UFTUFE� UXJDF
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Equation F-10: Paired computation of the Standard Deviation ( J�KML N O P6' ), with Q[̂  = true value of 

a sample i, [i = assumed value of the same sample i, and N = size of the population. 
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Equation F-11: The generally accepted formula for the computation of the SEP, with i = true 

constituent value, \ T  = predicted constituent value; and N = population size. 

*O� DBTF� PG� B� OPSNBM� EJTUSJCVUJPO� PG� UIF� TBNQMFT� JODMVEFE� JO� UIF� DBMDVMBUJPO� PG� UIF� CJBT
��

�����PG�UIFN�XJMM�IBWF� � 6(3\\ UU ⋅≤− 2ˆ �

����PG�UIFN�XJMM�IBWF� � 6(3\\ UU ⋅≥− 2ˆ ��

5IFSFGPSF���UJNFT�4&1�NBZ�CF�DPOTJEFSFE�BT�B������DPOGJEFODF�JOUFSWBM��5IJT�BMTP�NFBOT�

UIBU� UIF�VODFSUBJOUZ� PG� UIF�CJBT� JT�EJSFDUMZ� EFQFOEFOU�PO� UIF�4&1�� 5IF� WBMVF� PG� UIF�4&1�

JODSFBTFT�XIFO�UIF�:�WBMVFT�	UIF�SFGFSFODF�WBMVFT
�BSF�JOBDDVSBUF��

5IF�SFMBUJPOTIJQ�CFUXFFO�3.4&1
�4&1�BOE�CJBT�JT�TUBUJTUJDBMMZ�XFMM�LOPXO��
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Equation F-12: Relationship between RMSEP and SEP. 
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Equation F-13: Computation of the SEP according to the Unscrambler, with i = true constituent 

value, \i = predicted constituent value, N = population size; corrected by the respective bias. 
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Equation F-14: Computation of the SEP according to Vision 2.51, with i = true constituent 

value, \i = predicted constituent value, N = population size; corrected by K = number of 

Principal Components (PC) for the respective calibration. 

*O�UIF�QSFTFOU�XPSL�VTVBMMZ�MBSHF�TBNQMF�TFUT�XFSF�VTFE�UP�DPNQVUF�DBMJCSBUJPOT�XJUI�MPX�

OVNCFST�PG�1$T
�TP�UIBU�UIF�JOGMVFODF�PG�,�XBT�OFHMJHJCMF��6OEFS�UIFTF�DPOEJUJPOT�4&1xzy g y { f �
DPVME�CF�DPOTJEFSFE�BT�CFJOH�FRVBM�UP�UIF�HFOFSBM�EFGJOJUJPO�PG�UIF�4&1��

¾ 1BJSFE�4UVEFOUkT�U�UFTU�

5IF�QBJSFE�4UVEFOUkT�U�UFTU�PS�QBJSFE�U�UFTU�JT�B�UPPM�UP�EFUFSNJOF�XIFUIFS�UXP�TBNQMFT�BSF�

MJLFMZ�UP�IBWF�DPNF�GSPN�UIF�TBNF�UXP�VOEFSMZJOH�QPQVMBUJPOT�UIBU�IBWF�UIF�TBNF�NFBO��

5IF�QBJSFE�U�UFTU�JT�VTFE�XIFO�B�TBNQMF�HSPVQ�JT�UFTUFE�UXJDF�o�F�H��CFGPSF�BOE�BGUFS�BO�

FYQFSJNFOU�PS�XJUI�UXP�EJGGFSFOU�UFTU�NFUIPET��"DDPSEJOHMZ
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Equation F-15: The formula returns the probability t associated with a paired Student’s t-test, 

with N = size of the population, and SD2
paired x = squared paired SD of the corresponding 

underlying population. 

22 −⋅= 1I �

Equation F-16: Computation of f = degrees of freedom. 

*G� UIF� DBMDVMBUFE� WBMVF� U� JT� JOGFSJPS� UP� UIF� DPSSFTQPOEJOH� UBCVMBUFE� WBMVF� SFTQFDUJOH� UIF�

EFHSFFT� PG� GSFFEPN
� UIF� EJGGFSFODF� CFUXFFO� UIF� UXP� DPNQBSFE�NFBOT� JT�XJUI� BO� FSSPS�

QSPCBCJMJUZ�α�OPU�TJHOJGJDBOU�BOE�WJDF�WFSTB��
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Figure F-1: TGA Product A 40 mg. 

�

Figure F-2: TGA Product B. 
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Figure F-3: TGA Product C 150 mg. 

�

Figure F-4: TGA Product D. 
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Table F-1: Calibration and validation sample sets of evaluation of the appropriate analysis 

system. 
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Table F-2: Sample set Product A 20 mg, static scan mode evaluation. 
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'�������N��� Y� ���� #�������I��� �� ����

'�������N��� Y� ���� #�������I��� �� ����

'�������N��� Y� ���� #�������I��� �� ����

'�������N��� Y� ���� #�������I���� �� ����

'�������N��� Y� ���� '�������N��� �� ����

'�������N��� Y� ���� '�������N��� �� ����

'�������N��� Y� ���� '�������N��� �� ����

'�������N���� Y� ���� '�������N��� �� ����

� � � '�������N��� �� ����

Table F-3: The spectra of all samples marked with an x were recorded three times. Between the 

measurements the samples were rotated. 
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'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����
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'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N���� Y� ����

'�������N���� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N��� Y� ����

'�������N��� �� ���� '�������N���� Y� ����

'�������N��� �� ���� � � �

'�������N��� �� ���� � � �

'�������N��� �� ���� � � �

'�������N��� �� ���� � � �

'�������N��� �� ���� � � �

Table F-4: The spectra of all samples marked with an x were recorded three times. Between the 

measurements the samples were rotated. 
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15����)��B���� ���� 15����)��E����� ����

15����)��B���� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��B����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��E����� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F���� ����

15����)��D����� ���� 15����)��F����� ����

15����)��B���� ���� 15����)��F����� ����

15����)��B����� ���� 15����)��F����� ����

15����)��B����� ���� 15����)��F����� ����

15����)��B����� ���� 15����)��F����� ����

15����)��B����� ���� 15����)��F����� ����

15����)��E����� ���� 15����)��F����� ����

15����)��E����� ���� 15����)��F����� ����

15����)��E����� ���� � �
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Figure F-5: Diameter 22.0 mm, 60 – 150 samples per minute, 8 scans. 

�

Figure F-6: Diameter 22.0 mm, 60 – 150 samples per minute, 7 scans. 
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Figure F-7: Diameter 22.0 mm, 60 – 150 samples per minute, 6 scans. 

�

Figure F-8: Diameter 22.0 mm, 60 – 150 samples per minute, 5 scans. 
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Figure F-9: Diameter 26.5 mm, 60 – 150 samples per minute, 10 scans 

�

Figure F-10: Diameter 26.5 mm, 60 – 150 samples per minute, 9 scans. 
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Figure F-11: Diameter 26.5 mm, 60 – 150 samples per minute, 8 scans. 

�

Figure F-12: Diameter 26.5 mm, 60 – 150 samples per minute, 7 scans. 
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Figure F-1: Diameter 42.5 mm, 26 – 70 samples per minute, 16 scans. 

�

Figure F-2: Diameter 42.5 mm, 26 – 70 samples per minute, 14 scans. 
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Figure F-3: Diameter 42.5 mm, 26 – 70 samples per minute, 12 scans. 

�

Figure F-4: Diameter 42.5 mm, 26 – 70 samples per minute, 10 scans. 
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.FBO� ������ 4%�����&���� 4% � ��� ��������

Table F-5: Repeatability results of 10 measurements performed on one sample with a typical 

moisture content. 
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.FBO� ������ 4%�����&���� 4%SFM�������

Table F-6: Repeatability results of 10 measurements performed on one sample of average 

moisture content. 

�
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Table F-7: Repeatability results of 10 measurements performed on one sample of high moisture 

content. 
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Table F-8: Precision by repeatability assay of 3 measurements of 10 different samples spread 

over the calibration range. 
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Table F-9: All the 10 samples were measured at each of the 4 velocities and then predicted. The 

plotted SD is the average of the within sample SDs. 
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Table F-10: Table equivalent to Table C-27 without the highest measurement velocity of 300 

samples per minute. 
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Equation F-17: Conversion formula for wavenumbers to wavelength units. 
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Equation F-18: Conversion table of wavelengths to wavenumbers. 
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