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NanoRam -

PAMAH-CINEKTPOMETP

AN ®DAPMALIEBTUYECKOM
1 MULLEBO NPOMDILLJIEHHOCTH

C.ByTamKkuH, www.czl.ru

MopTaTuUBHbLIN NpM6OP KOM6EUHALMOHHOro paccesHuss NanoRam komnaHuu B&WTek
obnapaeTt Ype3BblHaMHO BbICOKOM MOJIEKY/IIPHON U3bmupatesibHOCTbO. OH npekpacHo
noaxoanT ANs pasHoob6pasHbiXx dapmauLeBTUYECKUX MPUIOXKEHUN — TeCTUPOBAHUSA

Cbipbsi, TMPOBEPKN TFOTOBOW

npoayKuuu,

BbisiB/ieHNA nopae/sibHbIX JieKapCTB.

MN3n10XeHbl OCHOBbl METpOJIornyeckoro obecneyeHus I/I3Mep3HVII7I COCTaBa BeLlecTBa

cnektpomeTpoMm NanoRam.

OpPTaTHUBHBIM cIeKTpomeTp NanoRam 61a-
I I rogaps CBOMM AaHAaJTHUTUYECKHUM BO3MOX-

HOCTSIM CTa/l OAHUM M3 JIHAEPOB MHUPOBOTO
PBIHKA IIOPTAaTHBHAIX IPUOOPOB KOMOHMHALIMOHHOTO
paccessHusl. Ero BBICOKas Ppaspelnaromasi Crocob-
HOCTb II03BOJISIET HCCAeNOBATh CJIOKHBIE COeNHHe-
HHMS U pa3auyaTh CBA3yoIue/TabreTHpoBaHHbIE
MaTepHajbl, HCIONb3yeMble B papMalleBTUYeCKOM
IIPOMBIIIJIEHHOCTH (Lle//110/103a, MHUKPOKPHCTAIHU-
Yeckas Le/I/03a, THIAPOKCHUIIPOIIM/IMETHILEN-
nrono3a (TTIMII) u T. I.).

Tak CIOKHIOCH HCTOPHUYECKH, YTO HIEHTHPH-
Kalisl 3TUX THUIIOB COefMHEeHUM Obllia BO3MOXHA
TOJIBKO C TIOMOIIBIO CHCTeM, 06/1a/IaloIUX BBICOKOH
paspemIaoner CIoCOOHOCTBIO U BBHICOKMM OTHOIIe-
HHeM CUTrHaja-myMm. KiioueBas mpobnema COCTOUT
B TOM, 4YTO KOMGI/IHaLII/IOHHOG paccesaHHe LIe/1TI0I03-
HBIX MaTepHaJIOB M CaXapHUOB, SBISIOMHXCSI OCHO-
BOM IIMIEBBIX J00aBOK, He II03BOJSET pa3aUyaTh
3TH COeMHEeHMS H3-3a KX BBICOKOM QJIyOpeClieHIIuH.
pr,ELHOCTI/I B HCIIOJIb30OBAHHMH TPAAHIIHMOHHBIX IIOD-
TaTHUBHBIX CIEKTPOMETPOB KOMOMHAIIMOHHOIO pac-
CerBaHUS, C KOTOPBIMHU Ha IIPAKTHKE CTAJIKHUBAIOTCA
bapManeBTEl, CBSI3aHBl C OTHOCHUTEIBHO HM3KOMU
CeJIEKTUBHOCTBIO U OY€Hb HOJATMM BpeMeHeM TeCTH-
poBaHHs. A 3TO BeHeT K CHMIKEHHUIO HAeXKHOCTHU
Y HECOOTBETCTBHIO APYr ADPYry Pe3y/JbTaToB, IOy~
YeHHBIX PasHBIMM METOJAMH TEeCTHPOBaHMA. Tem
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He MeHee, MHOTHe HeJOCTaTKU OBIIM IPeofo/eHbl
6narozmaps MocJefHUM JOCTHUKEHUSIM B IIPOEKTHPO-
BaHHH ONTHUYECKOU CXeMBbl, H3TOTOBJIEHUH JeTeKTO-
POB, B TEXHOJIOTHMM T€PMO3JIEKTPHUYECKOr0 OXJIasK/ie-
HHUS KU CO3JaHUU HHTEJIEKTYaJIbHBIX aJITOPUTMOB
IporpaMMHoro obecrieueHus. [IpakTHUeCcKHe HCCIIe-
JOBaHMS I10Ka3bIBAIOT, YTO BBICOKOIIPOW3BOAUTEIIb"
Hasl CIIeKTPOCKOIIHSI KOMOMHAIIMOHHOIO paccessHHUs
MOKeT OBITH BBIIIOJTHEHA B IIPOCTOM KOMIIAKTHOM
yCTPOMCTBe, yHO0OHOM [/ HCIIONb30BaHHSA. MEl
IIPOBE/IM HCC/Ie[0OBAHHE C IIOMOIIBIO IIOPTATHBHOIO
paMaH-crieKTpoMeTpa NanoRam, 4ToObl yCTAHOBUTb,
criocobeH JIM OH pa3/lH4aTh IPYIIbI LIeJTI0I03HBIX
MaTepHaJoB U MHUIIeBbIX J00aBOK.

[Ipubop NanoRam - KOMIIaKTHBIH, IIepeHOCHOMU
CIIeKTPOMeTP KOMOHMHAIIMOHHOIO PacCessHUs C MHTe-
TPUPOBAHHOM BBIYMC/IHTENIbHOM CHCTEMOM, IIpef-
Ha3HayeHHBIN s HAeHTUPUKAIMHU MaTepHaoB
M COOTBETCTBHSI MX KayecTBa IpPeAbSABISIeMBIM Tpe-
boBaHUSIM. [IpU Bece MeHee 1 KT OH I103BO/ISIET OBICTPO
paspabaTeIBaTh CTAaHAAPTHU3UPOBAHHBIE U ITPOBEPEH-
Hble MeTOLUKH JJisl IIPHUJIOKeHHH I10 OIpefe/IeHHI0
YHUCTOTHl M KOHTPOJIS KadecTBa., CxXema yCTPOMCTBA
COCTOMUT M3 JIa3ePHOI0 MCTOYHMKA, eHEePUPYIOLIero
M3/ydeHHe Ha JJIMHe BOJHBL 785 HM, CIIeKTporpada
cucteMbl YepHu-TepHepa u II3C-meTekTopa, HMeIO-
1ero repmosneKkTpudeckoe (TE) oxmaxkaeHUe, 4To 0be-
CIIeYMBaeT CTAOM/IBHOCTh CUTHAJIA C HU3KHUM YPOBHEM
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Tabnuua 1. XapakTepucTukm pamaH-cnekTpomeTpa NanoRam

[MapameTtp 3Ha4yeHwne

[ nvHa BOMHbLI BO36Y>XXAAOLLEro N3ayyYeHns 1a3epa, HM 785
LLInprHa AMHUN NA3ePHOTO N3NYYEHUS, HM <0,3
Pa6o4nit AManasoH AJIMH BOJIH CNeKTpomeTpa, cMmt 175-2900
Pa3peluatoLlas cnocob6HOCTbL CMeKTPOMEeTpa, CML/HM 9,0/912

Tun N3CpertekTopa

Nunerika N3CG-maTpuu ¢ TepmooxnaxaeHmem (TEC)

Pasmepbl M YMCI0 NMKCENOB AeTEKTOPA

14%x200 MKM, 2048

Temneparypa getektopa, °C

18

Bpems nsmepeHus, c

<20

¢oHOBOro Imyma. YMeHbUIeHHE (GOHOBOrO INyMa
JOCTHIAeTCs 3a C4YeT YCTPOMCTBA KOHTPOJIS TeMIlepa-
Typhl JeTekTopa. TE-oxnaskaeHue, 3alaTeHTOBaHHAS
TeXHOJIOT S CTabMIM3aLIMH 1a3epa, a TAK>Ke BhICOKAs
CKOPOCTb MHKPOIIPOIieccopa IM03BOJISIOT CO3/1aTh Y106~
HBIM IIOPTaTHUBHBIN IIPU6OpP ¢ J1abOpaTOpHBIM Kaue-
cTBOM paboTel. ObecrieuyriBaeMoe IIPHU6OPOM BBICOKOE
OTHOLIeHHe CHUTHAJI-IIyM SBJSETCS HeoOXOMHMBIM
yCJIOBHEM [IJISI YCIIeUIHOIO TeCTUPOBAHM S Pa3IMYHBIX

bapMaleBTHUYECKUX LIeJII0NIO3HBIX IIpernapaToB
M IHIIEBHIX J06aBOK. XapaKTePUCTUKU CIIEKTPOMe-
Tpa NanoRam miprBesieHs! B Tab.1

NCCNEAYEMbIE ®PAPMALEBTUYECKUE
MATEPWUAJIbl N AJOBABKUW

Ons  uccnemoBaHUs Obliu  BBIGPAaHBI MaTepu-
anbl, OOBIUHO MCIIO/NIb3yeMble B KadecTBe CBSI3YIO-
IIMX BeIleCTB, HAIIOJHHUTe/NeH U JobaBoK. Bce oHH
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Tabnuua 2. Pe3ynbTaTbl TECTOB M OLLEHOK MaTepmnanoB C UCMOb30BaHMEM METOAMKM Ha ONpefesieHVe Lentono3bl

TecTnpyeMbin MaTepuan Pe3ynbTaThl naeHTUGUKALUK P-BesninvnHa BepoaTHOCTL COBNaaeHus

Llenntonosa CoBnajeHue c Lenntos103oun 0,9998 Llenntonosa noagreepxaeHa
ML, Owmnbka 7,61°03 ML 99
NakTo3a Owwnbka 2,26703 NakTo3a 100
ManbToAeKkCTpuH Owwnbka 2,27°93 ManbToAeKcTpuH 100
Auvrnapat CaHPO, Owwubka 4,79706 Aurnppat CaHPO, 100

II0 BHENIHEMY BHJY HaIlOMHHaAKu O6enblll IIOpO-
IIOK. JTO — LeJIJI003a (CBSA3YIOIIMeE/HATIONHUTENN);
THJIPOKCHUIIpONUIMeTHNLe/0703a ([TIMLI) (cBsA3yIO-
IIHe/HAIIOHUTENH); TaKTo3a (IIoACc/IacTUTe/Ib/HAIIoN-
HUTENb); MAJIBTOAEKCTPUH (IIOC/IACTUTENb/IHIEBA s
nob6aBKa); KanpLus pochaT AUTHAPAT MOHOrUAPodOC-
dar (CaHPO,.H,0) (cBsi3yromee/mumeBas 106aBKa).

METOAUKA TECTUPOBAHWNSA

IIpolienypy TeCTUPOBAaHHUS BellecTBa BCerfga Ipen-
BapsieT KalH6poBKa H3MEPHUTENBbHOTO YCTPOKMCTBA.
9Ta mpoueAypa CTaHAAPTH3HMPOBAaHA M BKIKOYaeT
B cebst pa3paboTKy MeTOAMK TeCTHPOBAHHUS, HX
BOCIIPOM3BefieHHe B Ipubope, co3maHUe CTaHIAPT-
HBIX Mep BellleCTB M MX COeJHHeHUN. B ocHoBe
Ka’K[0M MHCTPYMeHTaIbHON MeTOJUKH - He MeHee

20 CKaHHPOBAaHHUK KOHKPETHOLO MaTepHaa, 4To
[103BOJISeT OLIEHUTL CpefHee 3HAYeHHe HU3Mepse-
MOTO IapaMeTpa B IapTHUH, NpeJHA3HAUYeHHOM A5
H3MepeHHUs. BappHpoBaHHUe I1apaMeTpPOB CBA3aHO
C U3MeHeHHeM II0JIOKeHH s 06pa3na, YyIIaKOBOYHBIM
MaTepHaJoM B MapTUU M HEKOTOPBIMH APYTHMH
OTKJIOHEHHUSIMU. B 1106011 pa3paboTaHHOM MeTo-
OHKe, CO3LAaHHOM [/ KaXXJOTo MaTepHana, ecTh
COOCTBEeHHBIN aJrOPUTM HporpaMMHoOro obecreye-
HHUs. COrJIacHO eMy IIPOXOAHT o6paboTka crexkTpa
KOMOMHAIIMOHHOIO paccesHus (KPC) u 3aTeM IyTeM
CpaBHeHUs BbIUHCIgeTCd P-BenuuunHa. Ilo 3Haude-
HHUIO P-BeJIMYMHBL OIIpele/IsIoT COBIAaJeHHe CIIeK-
TPOB TECTHUPYEeMOTO BeIleCTBA M CIIEKTPOB CTaH-
OapTHBIX 06pa3ioB. MgeanpHBIM COOTBETCTBUEM
CYMTAIOT Cy4au, Korfga P-BennuMHa paBHa 1,000.
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CABUr KOMBMHALMOHHOrO paccesHus, cMmt

Puc.1. CpasHeHue cnekmpos KOMBUHAUUOHHO020 paccessHus 06pasud Ueaakono3bl (CUHSIS Kpueas) U XpansiLuLe20cs 8 namsmu npuéopa
cnekmpa om cmaHdapmHozo 06pasud ueraoaosbl (KpacHas Kkpueas). Mamepuan — UeaaoA03d; HazsaHue Memodad — "Ueaaonosa”;

P-eeauduHa - 0,9982; pesyabmam — cosnadeHue
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Tabnuua 3. Pe3ynbTaTbl NepekpecTHOro TeCTUpPOBaHMSA BCeX MaTeprasioB C MCMONb30BAHMEM METOANK CPABHEHNS

CO CTaHAapTHbIMK BelleCcTBaMu

MaTtepwuabl ML Llenntonosa JlakTo3a MansToaekCcTpuH Avrngpat CaHPO,

Llenntonosa CoBnageHune Owmnbka Owwnbka Owmnbka Owwmbka

FIMLL Owwnbka CoBnageHue Owwnbka Owmnbka Owwmbka

JNlakTo3a Owwnbka Owwnbka CoBnaaeHune Owwnbka Owwnbka

ManbToAeKCTPUH Owwnbka Owwnbka Owwnbka CoBnageHune Owwnbka

Avrnapat CaHPO, Owmnbka Owwnbka Ownbka Owwnbka CoBnageHune
MNprMmeyaHue: LiBeToBble 0603HadYeHns 4ng P-eesivumHbl: -~ —> 0,05,  —0,05..103;  —103..10°6; I/ -10°6..107%; I - 0.

MeToguKU 00ecrieYMBAIOT TOUYHBIM U Hale>KHBIU
MeTOf, TeCTHPOBAHMUS, HeOOXOOLUMBIN /S OJHO-
3HAYHOM HAeHTHQUKAIMK MaTepHana (Ttabm.2).
[Tocne Toro, Kak mpubop obyueH MeTony OLIEHKH
MaTepHasa, CKaHHPOBaHHe M IPOLIeCC IIPUHATUSI
pelleHHs 3aHUMAIOT 0K0JIO 20 CeKYH[I.

I[IpuMep pesynbraTa CKaHHPOBAHMUS, IIOIYYeH-
HOrO C IIOMOILIBIO 3TOHM IPOLleAyphl, IIOKa3aH Ha
puc.l. CpaBHeHUe clleKTpa KOMOMHALIMOHHOIO pac-
CestHHS Le/IJII0JIO3HOTO MaTepuana (CHUHSSL KPH-
Basi) U CIIeKTpa OT CTaHZApTHOro obpasua ILe/o-
JI03bl, TIOJIYUE€HHOrO OT 3TajoHa (KpacHasi KpHBas)
M XpaHSIEerocs B IaMsTH Ipubopa, 1aio 3HaUeHHe
P-BenmnuuHEl, paBHOe 0,9982. OTMeTHM, 4YTO I
YKMCTOTHI 3KCIIepUMeHTa crieKTp KPC cTaHZapTHOrO
obpasia 4KCTOM LeJUII0I03bl OBLJI aBTOMATHYeCKHU
yMeHbIIeH II0 MHTeHCHBHOCTH Ha 1000 eguHMII
II0 CPAaBHEHHUIO C HEH3BeCTHHIM obpasuom (1eBas
Y IIpaBas IIKajabl OTHOCHUTE/NBHOIO CUTHaj/la UHTEeH-
CHUBHOCTH Ha pHc.l). TakuM obpa3omM, U3MepeHHBIN
HeM3BeCTHBIN obpasel] IIpollesl COOTBETCTBHE Ha
Ha/IMYHe L1eJI/1I0/I03BL.

IIpumMep c pesynbTaToM cpaBHeHHs KPC 1enio-
70361 ¥ KPC TTIMII H/LIIOCTPUPYET PUC. 2. BU3yaabHO
O4YeBHJHO, YTO CIIEKTP KOMOMHAIIMOHHOIO pacce-
aHUS 08 obpasua (CHMHSS KPUBAas) 3HAYUTEIBHO
oTnuvaeTcst oT crekTpa Ansa [TIMI] (kpacHas KpH-
Basi). [Ipu 5ToM 3HaueHUe P-BeJIMUMHBI 115 0b6pasia
HM3KOe, COCTaBisieT 2,23716°°. IlosTomMy H3MepeH-
HBIM HeM3BeCTHBHIM o6pasel] He Ipollesl COOTBET-
cTBHe Ha ['TIMII.

Temepp paccCMOTPUM CJIyd4aH, Korpa mpubopy
NanoRam He yganoch UAEHTUPUIIMPOBATL MaTe-
puan. Torga MHpoOrpaMMHBIN aJTOPUTM OLleHH-
BaeT BEPOATHOCTh HIAEHTHPUKALMHK MaTepHasa
TeM CTaHJAapTHBIM o6pasliaM, CIeKTPhl KOTOPBIX
yke UMeIOTCsl B OUbIHoTeke MeTOOMK U CIIEKTPOB.
9Ta KOJJIM3HUS IIPOHJUIIOCTPHPOBAHA B Tabn. 2,

B KOTOPOM IIOKa3aHBl Pe3y/JbTaThl TOro, KaK BCe
KCCIeyeMble MaTepHaIbl IPOXOAHIM MCIBITAHUS
C UCII0/Ib30BaHHMEM MEeTOAMKH Ha oIlpefie/ieHHe Lej-
nI0/103bl. HacTosIler Lie/liosio3e ynanoch MPOHTH
TeCT COOTBETCTBMSA CBOEro CIIeKTPa 3TaJIOHHOMY
CIIEKTPY LIeJIIIJIO3BI, TOIZa KakK BCe Apyrue marte-
pHaibl C UCIIBITAHKMEM He CIIPaBUIMCh., MaTepHualsl,
KOTOpBEIe He IIPOIIJIM TeCT Ha LeJIIj03y, B JaJib-
HeHIIeM OLIeHHBAIOTCSI II0 CIeKTPaJbHBIM 6ubOIHU-
oTekaM npubopa U ompemensioTCcs IIOUYTH co 100%-
HON TOYHOCTBIO. TOUHOCTb OIlpefle/ieHHsI OCHOBaHa
Ha HHIeKce KkaudecTtBa (MK), oH yKa3aH B IIOC/Ien-
HeM cTosbue Tabn.2. UK KUcronp3yeTcs Al OLeHKHU
KPC u ompepesnsieTcs: C IIOMOIIbIO KOPPeISLHMOHHBIX
TEeCTOB KaK CXOJCTBO JBYX CIIEKTPOB: HEH3BECTHOIO
CIIeKTpa U cIekTpa u3 bubnumoreku. 3HaueHue UK,
coctasasmomee 1,00 (100%), yKa3pIiBaeT Ha TO, YTO
HeM3BeCTHBIM CIIeKTP IIOJHOCTBIO COBIAaeT CO CIIeK-
TpoMm u3 6ubnuoreku. Korga MK MeXAy CreKTpom
HeH3BeCTHOro obpasla U CIeKTpoM U3 6ubnuoreku
CTAaHOBUTCS MEHbIIe eJUHUILIBI, 3TO TOBOPUT O TOM,
YTO CpaBHHBaeMble BelleCTBa CTAHOBATCI MeHee
IIOXOKUMH Ipyr Ha fpyra (rabn.3). B camom prere,
[JIS BCeX MaTepHajioB, KOTOphle IIPOXOOHJIM OIlpe-
JeJIeHHYI0 MeTOAUKY MCIBITAHHH, CpelHee 3Hade-
HHue MK 6b710 607mee 99%, YTO CBHAETENBCTBYeT 06
OYeHb TOUHOM COOTBETCTBHMH HEM3BeCTHOI'O CIIeKTpa
KM3BEeCTHOMY 3TaJIOHHOMY CIIEKTPY.

3AKJTKOYEHUE

Tak 1o pesynbTaTaM HCHIBITAHUH CTAaHOBUTCS
SCHO, KaK C IIOMOIIbI0 IOPTAaTUBHOIO CIIEKTPO-
MeTpa KOMOMHALIMOHHOIO paccesHHusI NanoRam
olpefenUTb IPUCYTCTBHUe B obpaslie MaTepHala
ChIPbS MU 00aBOK, MCIIOJb3yeMbIX B dpapmMalieB-
THYeCKOM M MHINEeBOM MNPOAyKUHHU. OTMeTHM,
YTO yCIIeIIHble HCIBITAHHS C BBICOKOM CTeIle-
HBI0O TOUYHOCTH 3aHHUMAIOT Yy UcCJlefoBaTess
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CABUTr KOMBMHALMOHHOrO paccesHus, cmt

Puc.2. CpasHeHue KPC 06pasua ueantono3bl (CUHAS KpUas) u XpaHsaLLe20cs 8 namsmu npubopa cnekmpd om cmaHdapmHo20 06pasua
ML (kpacHas kpueas) . Mamepuan — Ueankoo3d; HazeaHue memodad — "TMIMLL"; P-geAuduHa — 2,23716-10°6; pesyabmam — owiu6Ka.

MeHee 20 c. Kpome Toro, mporpaMmHoe obecre-
YyeHUe, AJITOPUTMBI U OOPTOBbIE CIIEKTPAIbHBIE
6ubamoTekH CIIOCOOHBI OLIEHUTb BEPOSTHOCTD
UOeHTHOHUKAIUK 3TOr0 COoegHHeHHA. Takue
0CO6eHHOCTH METOLUKM MCIBITAHHUN HOeaJbHO
IMOAXOAAT IJIS OLHO3HAYHON MOAEHTHPHKAILIHUU
U IPOBEPKH BXOISINEro ChIphsi B papMalieBTHUe-
CKO¥ M/IU MIUIEeBOM MPOMBINIIJIEHHOCTH. n
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IDENTIFICATION OF ADDITIVES USED
IN THE PHARMACEUTICAL

AND FOOD INDUSTRIES

WITH THE NANORAM HANDHELD RAMAN SPECTROMETER

Today's Raman instrumentation is faster, more rugged, and less expensive than previous instrumentation. Now,
with the advances in component miniaturization, the design of high performance, portable and handheld devices
has introduced the technology to new application areas that were previously not possible with older, more
cumbersome instruments. Handheld Raman instruments such as the NanoRam® from B&W Tek are very well-
suited for pharmaceutical applications such as the testing of raw materials, verification of final products and the
identification of counterfeit drugs due to the technique’s extremely high molecular selectivity.

CURRENT CHALLENGES

The performance of handheld Raman instrumentation
has improved dramatically with the release of the
NanoRam because it can test far more complex compounds
and differentiate between different binding/tableting
materials used in the pharmaceutical industry such as
cellulose, microcrystalline cellulose, and hydroxypropyl
methylcellulose (HPMC). Historically, identification
of these types of compounds have only been achievable
using research-grade, laboratory systems, which offer high
resolving power and better signal to noise capability. The
inherent problem is that the Raman characteristics of
cellulose materials and saccharide-based food additives
are not distinctive enough due to the high fluorescence
nature of compounds like HPMC. The challenge that the
industry currently faces using traditional handheld Raman
systems is relatively poor selectivity and extremely long
testing times, which leads to reliability problems and
inconsistencies in the testing methods.

However, recent breakthroughs in the areas of optical
design, detectors, thermo-electric cooling technology
and intelligent software algorithms are proving that
high performance Raman spectroscopy can be combined
with simplicity and ease of use in a compact design. To
exemplify this, we carried out an investigation using the
NanoRam handheld Raman spectrometer, to see if it could
differentiate between a group of cellulose materials and
food additives.

The NanoRam is a compact, handheld Raman
spectrometer and integrated computing system for
material identification and verification within cGMP
compliant facilities. Weighing less than 2,2lbs, it allows
rapid development of standardized and validated methods
for purity and quality control applications. At the heart
of the device is a 785 nm wavelength laser excitation
source with a crossed Czerny-Turner spectrograph and a
thermoelectrically (TE)-cooled CCD detector, providing a
very stable signal with low background noise. The benefits
of a temperature-controlled detector to reduce background
noise is emphasized in Fig.1.(Fig.1. Dark current noise for a
non-cooled CCD spectrometer at room temperature (left) and
a TE cooled CCD spectrometer at 18°C (right)), which shows
the dark counts (noise) for a non-cooled CCD spectrometer at
room temperature and a TE cooled spectrometer, operated
at 18°C, using an integration time of 30 seconds. The
calculated RMS (root mean square) noise level of the TE
cooled spectrometer on the right is approximately five-fold
lower than the non-cooled unit.

Coupling thermoelectric cooling with patented laser
stabilization technology and a high speed microprocessor,
this technology provides laboratory grade performance in
a convenient handheld package. It has the capability of
generating a signal with high signal to background noise
specification, which is required for the successful testing
and confirmation of different pharmaceutical cellulose
compounds and food additives.

CHARACTERIZATION OF DIFFERENT MATERIALS
AND ADDITIVES USED IN THE PHARMACEUTICAL
AND FOOD INDUSTRY

The following materials (used as binding agents, fillers,
additives and supplements, all similar-looking white
powders) were selected for this investigation: Cellulose
(binders/fillers); Hydroxypropyl Methylcellulose (HPMC)
(binders/fillers); Lactose (sweetening agent/filler);
Maltodextrin (sweetening agent/food additive); Calcium
Monohydrogen Phosphate dihydrate (CaHPO,.H,0) (binder/
dietary supplement).

TESTING PROCEDURE

The standard operating parameters used for this study are
shown in Table 1 (Handheld Raman operating parameters
for the characterization of pharmaceuticals). The testing
procedure involves calibrating the device using pure forms
of each of the compounds to develop and store methods
to test and characterize all the other materials. Each
instrument "method" collects a minimum of 20 scans
from the specific type of material, which allows a user to
include slight variations in sampling position, packaging
materials/ batches, and inconsistencies associated with
multiple operators carrying out testing. Included in the
customized method for each material is a proprietary
software algorithm where the Raman spectrum is
compared and matched with that in the method to generate
a numerical P-value from which the PASS/FAIL result is
determined. The methods created in this way will not only
be related to the unique characteristics of the materials, but
will also ensure a rugged and robust method for a reliable
testing procedure required for unambiguous material
identification. Once a method is developed, the total scan
time and decision making process takes approximately 20
seconds to make a PASS/FAIL assessment of a material.

An example of a scan using this procedure is seen in
Fig. 2 (Fig. 2. Raman spectrum of a cellulose sample (blue)
overlaid with the stored cellulose method (red). The P-value
in the inset table shows the cellulose was confirmed as
cellulose), which shows a Raman scan of a cellulose material
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(blue plot) and the stored "Cellulose Method" generated
from the reference standard (red plot). A P-value of 0,9982
was obtained, which is considered an extremely good fit
compared to the reference material (a P-value of 1,000 is
considered a perfect fit). Note that the Raman spectrum
of the pure cellulose reference material has been offset by
1000 intensity units compared to the unknown sample for
clarity purposes. This unknown sample would therefore be
assessed as a PASS for cellulose.

By comparison, Fig. 3 (Fig. 3. Raman spectrum of a
cellulose material (blue) overlaid with the stored HPMC
method (red). The P-value in the inset table shows the
cellulose was NOT verified as HPMC) shows a Raman scan
of cellulose using a standard method generated for HPMC. It
can be seen that the Raman spectrum for the sample (blue)
looks very different from the HPMC reference scan (red), as
indicated by the P-value for the sample, which is 2.23716
e -06. This unknown sample would therefore be assessed
as a FAIL for HPMC. If a sample material has failed, the
software algorithm then makes a "probable" assessment of
the material’s identification based on the library of methods
and stored spectral information. This is exemplified in Table
2 (Results of all the materials being tested and assessed using
the "Cellulose Method"), which shows all the materials being
tested using the "Cellulose Method." Both the cellulose and
microcrystalline cellulose PASS the cellulose ID test, whereas
all the other materials FAIL it. The materials that failed the
cellulose test are further evaluated against the on-board
spectral libraries and confirmed as the correct material with
almost 100% accuracy, based on the Hit Quality Index (HQI) in
the final column. The HQI nomenclature is well-recognized
for assessing Raman spectra and is defined as the similarity
of two spectra, when comparing an unknown spectrum and
a library spectrum via a correlation test. An HQI value of 1,00
(100%) indicates when the unknown spectrum is identical to
the library spectrum, and gets smaller as the unknown and
library spectra become less similar to one another. In fact,
for all the materials that failed a specific method test, the
average HQI value was >99%, indicating that the match of
the unknown spectrum to a known reference spectrum in the
library was extremely accurate.

The final part of the investigation was to test all the
powders using specific methods generated by each of the
pure reference materials. The results of this test are shown
in Table 3 (Testing of all the materials under investigation
using specific methods generated by each of the pure
reference materials). It can be seen from the color-coded
boxes that the NanoRam handheld Raman system has
correctly confirmed all the materials that were tested using
their respective methods as indicated by the green PASS
boxes; while all the other materials FAILED the test, as
indicated by the red and brown colored boxes. Note the color
legend below the table that shows actual P-value ranges,
emphasizing the severity of the failure - in other words, the
lower the value, the worse the failure.

CONCLUSION

This investigation has clearly emphasized that raw
materials and additives used in the pharmaceutical and
food industries can be successfully tested and identified
using the NanoRam handheld Raman spectrometer with a
high degree of confidence in less than 20 seconds. It has also
shown that even when a compound fails a test, the software
algorithms and on-board spectral libraries can make a very
accurate assessment of the probable identification of that
compound. These capabilities make the technique ideally-
suited for the unambiguous identification and verification
of incoming raw materials in a pharmaceutical or food
manufacturing environment. [ |
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