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CKOPOCTHOM CHEKTPO®JIYOPUMETP C®.J-C

B Uncturyre Guonoruueckoro npubdopocrpoenusi PAH pa3zpaboTan SKCriepUMEHTaTbHbIH MHOTO()YHKIIMOHATBHBIN
ckopoctHo#i criektpodayopumerp CDJI-C. CriekTpodryopruMeTp npeiHa3HAYeH Al K3MEPEHHUs CIIEKTPOB BO30YXK-
JCHUS ¥ M3JIY4eHUs PAcTBOPOB M CYCIICH3MI OMOJIOTMYECKHX MOJIEKYN M KJIETOK B YJIbTPa(HONETOBOH, BUANMOI
u OmmKHEH MHppaKpacHOH 00JacTIX CIEKTpa B XOje NMpoBeaeHHs (yHIaMEHTAIbHBIX U MPUKIAIHBIX HCCIIeN10Ba-
HUI B 001acTH (PU3NKO-XUMHUUYECKOH U KIIETOUHON OMOJIOruu, OMOPU3NKH, OUOXHUMHUH M MeAUIHBL. OCOOCHHOCTSI-
MH IpHOOpa SIBISIOTCS: BO3MOXHOCTH CKOPOCTHOM PErMCTPAlMy CIIEKTPOB € MOMOIIBI0 MHOTOKAHAJIBHOH peru-
cTpupytomeii cucremsl (32 xanana, 6onee 20 CIIEKTPOB B CEKYHAY), BOSMOXXHOCTD YIPABJICHUS H3MEHEHNUEM TEMIIe-
paTypsl UCCIENYeMOro pactBopa mo 3aganaoMy anroputMy (ot 0 mo 100 °C), a Taxke BO3MOXXHOCTh OCYIIIECTBIIC-
HHUS MUKPOTHTPOBAHHMS HCCIENYyEMOro pacTBopa B KIOBETE€ NPHOOpa C IIOMOLIBI0 aBTOMATH3MPOBAHHOT'O MHKPO-

J103aTopa.

Kn. ca.: cnektpoiryopuMerp, CrieKTp, JIIOMUHECHeHIMs, (ryopeclieHIns, BO30YKAeHHE, CKOPOCTHBIE H3MEPEHHUS

BBEJIEHUE

Meron momuHecHieHIINH ((ITyOpECIIeHIINN) yiKe
JABHO SBJISIETCS IIMPOKO PACHPOCTPAHEHHBIM CIIEK-
TPaJIbHBIM METOJIOM, MPUMEHSIOIINMCS B Pa3JIMIHBIX
obmactsix ¢m3ukH, XumMuH W Ouonormu. OcoOeHHO
LIMPOKOE IPUMEHEHHE 3TOT METOJ Hallen B (hPU3HKO-
XUMHYECKOW Owonornn, Owodusmke, OHOXHUMHH
u ot4yactu B MeaunuHe [ 1-3]. MHOTHE opraHuveckue
MOJIEKYJbl CONEpKAT CONPSKEHHBIE IBOMHBIE CBSI3M,
CHOCOOHBIE TIOTJIOMIATh KBAaHTHI CBETa B YIbTpaduo-
JIETOBOM M BHIVMOM CIIEKTPAJbHBIX AWana3oHaXx,
a 3aTeM H3JIydaThb KBaHTBl CBeTa ¢ Oojee HHU3KON
sHepruet (doromromunectennus). [lapamerpsr uzmy-
4yeHus! (TMOJI0KeHNEe MaKCUMyMa CIIEKTPa, KBaHTOBBII
BBIXO/I M3ITy4eHHUS M T.NI.) 3aBUCAT OT CBOWCTB OJH-
JKAWIIEro OKPYXEHHUs H3JIydarolleld MOJEKYJIbI, 4TO
MOXHO HCHONb30BaTh Il  Pa3iW4HbIX  LeJeH.
Hanpumep, mmpoko M3BECTHO HCIIOIb30BAHUE €CTe-
CTBEHHBIX M HCKYCCTBEHHBIX (DIIyOpPECLEHTHBIX 30H-
JOB U METOK JUISI MCCIEJOBAaHUS OHMOIOIUMEPOB —
0eITKOB M HYKJIEWHOBBIX KUCIOT [1-3].

Jns u3MepeHus CHEeKTPOB H3IYy4YEeHHUS M BO30YX-
JICHUSl Pa3JInYHBIX COEIMHEHHWH HCHONb3YIOT CIIELH-
anbHBIE MPUOOPHI, HA3BIBAEMBIE CIIEKTPO(IyOoprMeT-
pamu. OOBIYHO CHEKTPOQIIYOPUMETD IS H3MEPEHHUS
CTaLlMOHAPHBIX CHEKTPOB COCTOMT U3 MCTOYHHKA BO3-
Oy>KITaroIero cBeTa, MOHOXpoMaTopa Bo30yKaarole-
ro CBeTa, SUEHKHU Ul MCcCleayeMoro oopasua, cucre-
MBI cOopa cBera ¢ 00pasiia, aHaTM3UPYIOIIEr0 MOHO-
XpoMmaTopa, (HOTOINEKTPOHHOTO YMHOXHTENISA U CH-
CTEMBl PETUCTPALIMM W aHAJIM3a CIEKTpa H3JIydeHUs
[1-3]. Benymue 3apyOexHble (UPMBI-H3TOTOBUTENN
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cnekrpoduryopumerpoB, Takne kak Horiba, Perki-
nElmer, Thermo, Shimadzu, Hitachi, BeImycKatoT
MPEUMYIIECTBEHHO NPHOOPHI U1 U3MEPEHUS CTalHO-
HapHO#l (ryopecreHInK, HEMPEPHIBHO OOHOBIAS U
pa3BuBasi CEMEHCTBA BBIIIYCKAEMBIX UMH IPHOOPOB.
B npubopax ncnonb3yrorcsi COBpEMEHHBIE JIEMEHTHI
MHUKpPOSJIEKTPOHHONH TEXHUKH, HOBBIE MaTepHaJIbl
U TIEPCIIEKTHBHbIE KOHCTPYKTOPCKUE peleHus (cM.,
Hampumep, [4, 5]). B Hamei ctpane ciekrpodryopu-
METpbl, NPHUTOJHBIC [UII H3Yy4eHHsS OMONOTHYECKHX
00BEKTOB, HE BhITycKaoTcsa. B MHcTHTyTE OMomoru-
yeckoro mpubopoctpoerns PAH Obimm mpoBeneHbl
paboThl 10 NOUCKY TEXHUUYECKUX PEIIeHUH, I03BOs-
IOUIMX pa3paboTaTh AOCTATOYHO J[EILIEBBIA YHHUBEp-
CAJIBHBIA CHEKTPOQIIyOPHUMETP, CHOCOOHBIN OBICTPO
M3MEpPSTh CIIEKTPHI M3ITy4eHUS] OMOIOTHYECKHUX 00b-
€KTOB B IIMPOKOM JAWANa30HEe TEMIIEPAaTyp M MPUTOJ-
HBIA JUIA TpPOBENCHUS TUTPOBAHUS HCCIETYyEMOIO
KUAKOTO 00pasia MaibIMH J00aBKaMU Pa3IMIHBIX
COEIVHEHN.

YCTPOMCTBO INIPUBOPA

Crexrpodayopumerp CDJI-C, obmuii BUI KOTO-
pOro mpecTaBiIeH Ha pHC. 1, TOCTPOEH MO KiIaccHye-
CKOIl CXeMe PerucTpanuy, Koraa H3IydeHne u3ydae-
Moro oOpasma cobupaercs mon yriom 90° mo oTHO-
IICHHUIO K HAIPaBJICHHUIO MyYKa BO30YKIAIOIIEro CBe-
ta. [Ipu 3TOM BO3OYXmarommii MOTOK (OpMHpYyeTCs
MOHOXPOMAaTH3aIuel HEMPepbIBHOIO CIIEKTpa H3ITy-
yeHus: KceHoHoBOH sammbel XBO 150W/GROFR
¢bupmer OSRAM.
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Puc. 1. O6mwmii Bua cnekrpodayopumerpa COJI-C

C OTKPBITOM KIOBETHOM KaMepou

. KPBEHKO, 0. JI. XOOACEBUY, C. H. [TAHTY3, B. 1. EMEJIbAHEHKO u np.

B cocra cnexrpoduyopumerpa CPDJI-C Bxogsr
CHEKTPOPIYyOPUMETPUIECKHI OJIOK, THTPAIMOHHOE
YCTPOICTBO, IpHCTaBKa Ui OBICTPOrO CMELICHUS
pacTBOpoB W yNpaBisOMMNA KoMmibioTep. Crekrpo-
(dbayopumerpudecknii  OJ0K OOBEOWHSET OITHKO-
MEXaHUUYECKYI0 CHUCTeMYy NpuOopa U 3IIEKTPOHHBIE
cpeacTBa, O0ecleunBaIOLINE MPOLECC YIPaBJICHUS
CHEKTPOPITYOPUMETPOM.

Ha puc. 2 mpuBenena ymporieHHas OJOK-cxema
cnekrpodryopumerpudeckoro Omoka CPJI-C. Btor
OJIOK COCTOMT W3 CIEeAyIOINX (QYHKIIMOHATBHBIX Y3-
JIOB: MCTOYHHMK BO30Y)KIAIOILEro CBETa, MOHOXpPOMa-
TOpPHI BO3OYKJIEHUSI M PErHCTpaIyy, y3en (HoTodIeK-
TpoHHOro npeodpaszosatens (DPIIl) u MHOrokaHab-
HOro (oTO3NEKTPOHHOr0 mpeodpaszosatens (MDIII),
KIOBETHOE OTJAEIECHUE, WCTOYHWKMA NMUTAHUS JIAMIIbI,
CHJIOBBIX, AHAJIOTOBBIX M IM(POBBIX ILEINeH, MIaThl
KOHTpOJIJIEpa U W3MEPEHHs, IPOrpaMMHUPYEMBbIH Tep-
MOCTAT, IjiaTa KOHTpoJlepa MHOroKaHanbHoro OV,
CpeACTBa BEHTWIALUHN CHEKTPOQIyOPHUMETPUIECKOrO
O110Ka.
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Puc. 2. YpouienHas 610k-cxema criekrpoguryopumerpa COJI-C
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B mMoHOxpomaTopax BO30YXIEHHS U PErHCTPaLluN
WCIIONB30BaHbl BOTHYTHIE Tonorpaduueckne audpak-
LHUOHHBIE PEelETKH ¢ yucioM wTpuxoB 1200 Ha MM,
pamycoM 150 MM u pabodelt crieKTpaibHOU o00a-
ctpio 200900 uM, obecreunBaromie BBICOKOE MPO-
IIyCKAaHUE W HU3KUHA YPOBEHb DPACCESIHHOIO CBETA.
MOHOXpOMAaTOPHI BBIIOJIHEHB! B BUJE CAMOCTOSITENb-
HBIX KOHCTPYKTHBHBIX COOpPOK, BKITFOUAIOMINX B Ce0s
KaK ONTHYECKHE M MEXaHMYECKHUE D3JIEMEHThI, TakK
M D3JEeKTPOHHBIE MOAYNH, ObOeclednBaronme pabdory
3THX Y37I0B.

Jns  oOecriedeHNs pPaBHOMEPHON TEPECTPONKH
MOHOXpPOMAaTOpa IO AJIMHAM BOJH B IPOLECCE CKAHU-
POBaHUS M, COOTBETCTBEHHO, ISl JINHEHHOCTH ILIKAJIbI
npubopa MO OCH UIMH BOJH HM3MEPSIEMOro CIIEKTpa
WCIIONB30BAIM CHHYCHBI MeXaHW3M © [H(POBOI
MHUKPOKOHTPOJUIEP, YHPABJISIOMIMM IIArOBBIM JIBUTa-
TeJeM MPUBOJA NUPPaKIHOHHON perneTku. [ peru-
CTpalluy CTALMOHAPHBIX CIIEKTPOB M3JIyYEHHUS C Me-
XaHWYECKOW pPa3BEPTKON WCIONBb30Bald (POTOYMHO-
xutenb R6356 ¢dupmer Hamamatsu, umeromuit BeIco-
KyI0 4yBCTBHUTEJIBHOCTh JETEKTUPOBAHUSA B 00JIACTH
185-900 HM ¥ MUHUMAaIBHBIA TEMHOBOM TOK Ha YpOB-
He 0.1 HA npy HOMUHAJIBHOM YCUJICHHH.

Baxneiimeit 0c0OEHHOCTBIO CIIEKTPOQITyOpUMETPA
SIBJISIETCSI BO3SMOXKHOCTh BBEACHUS B KaHAJl PErHCTpa-
LUU H3IYYeHUs] HCClIenyeMoro obpasla MHOIOKa-
HaJIbHOTO NIPUEMHOI0 YCTpoWcTBa B BHUAEC 32-Ka-
HajpHOTO (poToymMHOKuTENsT H7260 dupmbr Hamama-
tsu 1t OBICTPOM perucTpanyu CreKTpoB.

st uccnenoBaHus B3aUMOACKUCTBHUM pa3IMUHbBIX
COEIMHEHUH IIpyr ¢ APYroM Hamu pa3palboTaH ao03a-
TOp, CIIOCOOHBIN TIO 3aJJaHHOW TIporpamMme J00aBIIsSTh
B U3MEPHUTENIBHYIO SYEHKY MaJible 00bEMBI PaCTBOPOB
pa3nuyHbIX BemecTB. Jlo3upoBaHuEe peareHToB B J0-
3aTope o0ecreuynBaercs IMyTeM IIOMAaroBoro nepeme-
LICHUS IUIyH)Kepa MPEHU3MOHHOIO MHUKPOIIIPHLA.
KoncTpykuus nozaTopa paccunTaHa Ha HCIOJIb30Ba-
HUe MuKpommpuileB Gupmbl Hamilton cepum 1700,
ucnonHeHuss N win TLL. Bo3MoXHO IpuMeHeHue
MUKPOILIPULEB APYIHX NMPOU3BOIUTENEH, NMEIOIINX
aHAJIOTMYHBIE  KOHCTPYKTUBHBIE — XapaKTEPUCTHKH.
[TaroBerit mpuBOJ 103aTopa oOOECIIeYMBaET TepeMe-
LIEHUE IUTyHXepa MHUKpPOILUIpPUIA HE MEHee 4YeM Ha
50 MMm. Ilpm 5TOM MUHHMaJBHOE IEpPEMELICHHE
TTYHXKepa MUKPOIIpHUA (SAMHUYHBIN IIar) COCTaB-
JseT 6.3 MKM, a BpeMs BBIIOJIHEHHS J03aTOPOM 3TOTO
IepeMeleHUs COCTaBIIsIeT He Ooee 2 Mc.

Jns  ocyIIecTBICHHS BO3MOXHOCTH OBICTPOTrO
CMEIICHHS] PACTBOPOB B HU3MEPUTEIBHOM sUEHKE MBI
WCIOJIB30BAJIN IPUCTABKY OBICTPOrO CMEIIMBAHUS
RX2000 (AppliedPhotophysics). MuruMansHbIe 00B-
eMbl cMemuBaHus coctaBisiror 0.3 mi. CMemnBaHue
00pa3loB NPOMU3BOAMTCS IHEBMAaTHYECKH, MEPTBOE
Bpemst Tmopsiaka 6 mc. Heobxomumasi Temmepartypa
0o0pa3loB B MIMNpPUIAX W KIOBET€ 00ecrednBaeTrcs
C MOMOILbIO BHELIHETO BOJSIHOTO TEPMOCTATA.

HAVYYHOE ITPUBOPOCTPOEHME, 2021, Tom 31, Ne 2

CUCTEMA YIIPABJIEHUSA TPUBOPOM

Bepxnuii ypoBeHb ynpasJjieHHusl

Cucrema ympaBieHHS CHEKTPOQIyOPUMETPOM
C®JI-C Bkitovaer B cedst Tpu ypoBHA. Bepxumii ypo-
BEHbB, MMPEICTABISAIONINNA U3 ce0sl YIPABISIOMNNA KOM-
mproTep mpubopa, obecrednBaeT oOIIee yrpaBieHHe
cnekrpoduiyopuMerpoM. Yepe3 [AuaNoOroBble OKHA
MOHHUTOpPa KOMIIBIOTEpAa MOXKHO BBIOpaTh PEKUM H3-
MEpEeHMH, BBECTH YCTAaBKH BBIODAaHHOIO peXxHuMa, 3a-
MYCTUTh NPOLECC M3MEPEHHS U TPEICTaBICHUS pe-
3yiabTaToB. B mponecce u3MepeHUR IpOrpamMMHOE
obecrieueHre BEPXHETO YPOBHA (QOpMHpYyeT Habop
YIOPaBISIOUMX KOMAaH[, COOTBETCTBYIOLIMX BBIOpaH-
HOMY PEKUMY U3MEPEHHH, OJIEPKHUBAET IOITydEHHE
OoTOKa MHGOPMALMK B IPOLIECCE U3MEPEHUH, MTPOU3-
BOJUT HEOOXOIUMYI0O MaTeMaTH4YecKylo 00paboTKy
MOJTy4eHHBIX MaccuBoB. [locie 3aBepuieHus LUKIa
W3MEPEHUH OCYILECTBIISIETCS COXPaHEHHE pPe3yJibTa-
TOB B BBIOpaHHOM (popme.

Bropoii ypoBeHb ynpasieHust

Pone BTOpOro ypoOBHS ympaBieHHs IpUOOpoM
OCYLIECTBIIIECT IUIaTa KOHTpOJUIepa CHEKTPodIyopH-
METpUYEecKoro OJI0Ka, BBITIOJTHEHHas Ha 8-OMTHOM
AVR mukpokorTpomepe ATmegal28-16AU dhupmsl
Atmel ¢ ymyumennoit RISC apxutektypoi, nmero-
meM 53 Bxoma/Beixoma u 128 kbOalT mporpammmpye-
MOl mamsaTH. B 3agauM BTOPOro ypOBHSA BXOIUT:
obecrieueHre oOMeHa JaHHBIMH C BEPXHHUM YPOBHEM
yIpaBiIeHUs, YIpaBJICHHE POLIECCOM WHHUIMAIN3A-
M YCTPONCTB CIEKTPO(IyoprMeTprIecKkoro OJoKa
1 MUKPOTHTPATOpa, MOAAEp)KaHNE IUKIMYECKUX MPO-
LIECCOB M3MEPEHUS MHTEHCUBHOCTH II0 OCHOBHOMY
U OIOPHOMY KaHajlaM, KOHTPOJIb TEMIIEPATYPhl KIOBe-
TOJEpKAaTelsl U HEIMOCPEICTBEHHO MCCIIENyeMOro 00-
pasia ¢ IOMOIIBI0 TaTYUKOB TeMIIEpaTypbl, MOAIEp-
XKaHUEe Tpolecca M3MEPEHUs B YCTAHOBIEHHOM pe-
XKHME B COOTBETCTBUHU C YCTaBKaMH, ONpPeeIeHHBIMU
IUISl TAaHHOTO PEXHMMa CHCTEMOW YIpPaBJICHUSI BEpXHe-
IO YPOBHSL.

Tperuii ypoBeHb ynpaBjaeHust

Ponb Tperbero ypoBHs ynpaBieHUs! CIEKTPOQIIyo-
pUMETPOM  BHIMONHAIOT 8-OmTHBIE AVR  MumKpo-
koHTpomepsl ATmega8-16AU ¢dupmsr Atmel, nme-
forre 23 BXonma/Beixona W § KOAWT mporpammmpye-
MOH HaMsTH, YCTAaHOBJIEHHBIE HA IUIATaX YIPaBJICHUS
(hYHKIIMOHATBHBIX Y3IIOB CHEKTPOQIyOpHUMETpHYe-
ckoro 0soka. Ponb 3T0ro ypoBHS ynpaBieHHs 3aKiIrO-
4aeTcs B yHNpPaBJICHUN OpaiiBepaMH HCIIOIHUTEIbHBIX
MEXaHU3MOB (PYHKLHOHAIBHBIX y3JIOB, YTO pasrpyxa-
eT KoHTpoJuiep (oToMeTpudeckoro Oj10Kka OT PyTHH-
HBIX mpouenyp. Kpome Toro, KOHTpoJUIEphl Takux
YCTPOICTB, KaK Ijata KOHTPOJUIEpa MHOIOKAHAJIBHO-
ro ®DY u nporpaMMUpyeMBIid TEPMOCTAT KIOBETHOTO
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OTZENEeHUs,, 00eCIIeYMBal0T aBTOHOMHOE YIIPaBJICHHE
IIPOLIECCAMH Ha YPOBHE 3THX Y3JIOB.

IHonb30Barenbckuii nunTepdeiic

VYnpasieHue creKTpoQayopuMeTpoM 3aIlyCKaeTcs
mporpammori SFL1.exe. Ha MormTOpe OTKpBIBaeTCs
[JIaBHOE OKHO Iporpammel. Ha puc. 3 npuBenen npu-
Mep OKHa IPOrpaMMbl C YCTAaHOBJICHHBIMHU PEKUMOM,
YCTaBKaMU M pe3yJbTaTaMU H3MEPEHUU. Y CIIOBUA
W3MEpEeHNH 3a/1al0TCsl BLIOOPOM B MEHIO HEOOXOIIMO-
ro pexuma u nojupexvma. Ha rnmaBHoM maHenu ycra-
BOK, PaclojIOKEHHON B BEpXHEH JacTH pabovero ok-
Ha, TPOM3BOAUTCS YCTAHOBKA MOHOXPOMAaTOpOB
Ha 3aJaHHbIC JUIMHBI BOJH, YCTaHOBKA Ilelell MOHO-
XpOMaTOpOB, YCTAaHOBKA CHEKTPAJIBHOIO HMHTEpBaja
MOHOXPOMAaTOpOB, Iara CKaHUPOBAHHUS M BPEMEHU
HAKOIJICHUS] TOYEK CIIEKTPa, YCTAHOBKA HAIPSIKEHUS,
nutatorero ®OY, u Kod3PPUIMEHTOB YCHIIEHUS pe-
THCTPUPYIOILETO TpPaKTa, yCTAaHOBKA TEMIIEPATyphl
n3MepeHns. B HImkHel cTpoke cocTtosHus padbodero
OKHa INPOrpaMMbl MOXHO KOHTPOJIMPOBATH YPOBEHb
WHTEHCUBHOCTH (DIIyopecLeHIHH, PEerucTpupyeMon
WU3MEpPUTEIbHBIM  TPAKTOM  CIIEKTpOduIyopumerpa.

B. I'. KPUBEHKO, IO. JI. XOJIACEBUY, C. H. ITAHTV3, B. 1. EMEJIbAHEHKO u gp.

Ha rnaBHOIl naHenu yCTaBOK MPOU3BOAMTCS TAaKKeE
YCTAHOBKA ITOCTOSIHHOW BPEMEHH PErucTPUPYOLIEro
TpaKTa, CKOPOCTH II€pEeMEIIMBAaHUSI MarHUTHOW Me-
LIaJIKA B KIOBETOAEpKaTesle, KOJIUYECTBO IIOBTOPOB
n QopMa MNpencTaBiIeHUs Pe3yIbTaTOB H3MEPEHUs
B peXxuMe TodedHbIX m3MmepeHnil. Curaan OOV BHI-
BOJUTCS B I(PPOBON U TUCTOTPaMMHOM (hopMax.

CIIEKTPAJIBHBIE U TEXHUYECKHE
XAPAKTEPUCTHUKHU ITPUBOPA

» Pabounii creKTpaJbHBIA JMANa30H KaHala
Bo30yxaenus 220—-800 uM, kaHama perucrparun 240—
900 M. IlorpemHocTs YyCTaHOBKH JUIMH BOJIH MOHO-
XpOMaTOpOB He npeBbImaer + 1 HM.

»  BolaensieMmblii CHEKTPaIbHBIN HHTEPBAT MOHOXPO-
MaTOpPOB 00OMX KaHAJIOB UMeeT (DUKCHPOBAHHBIC 3HAYCHUSI
1,2,5,10 u 20 am.

» Illar ckaHUpOBaHUS B PSKUME MEXaHHYECKOM
pa3BepTku crnekrpa umeer 3HadeHus 0.2, 1.0, 2.0
u 5.0 HMm.

» Bpews Hakomenus Touek crektpa: 0.04, 0.2,
1.0u5.0c.
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» MuHuManbHOE BpeMs MEXKIy I10CIe0Ba-
TEIbHOM perucrpauuenl JByX CIEKTPOB U3 32 TOYEK
B peXUME MHOTroOKaHajabHOU peructpauuu 0.04 c.

»  CooTHoIeHHe cuTHAN-IyM nopsaka 200 npu
perucTpanru CreKkTpa KOMOMHALMOHHOIO pacCesHus
BOJIbI IPH BPEMEHU HAKOIJIEHUS KaHaJIa PerucTpaLun
1 ¢ ¥ coekTpajdbHBIX MHTEPBajax MOHOXPOMAaTOPOB
oboux kaHayoB 10 HM.

JEMOHCTPALUA PABOTBI
CIIEKTPO®JIYOPUMETPA B PA3JIMYHBIX
PEXNMAX

Ha puc. 4 mpuBeneHsr crekTpsl (QIryopeciueHIInn
BOJIHBIX pacTBOpoB (heHmmananunaa (1) u duryopecie-
vHa (2), U3MEpEeHHbIE B PEXMNME MEXaHHYECKOH pas-
BepTku criektpa. Criektp (heHmnanaHuaa, apoMaTude-
CKOH aMMHOKHUCJIOTBI, BXOSIIEH B COCTaB OOJIBIINH-
cTBa OenKoB, m3MepeH npu KoHmeHTpanuu 0.08 mr/min
n HanpsokeHnn Ha ®OY 800 B mpum BO3OyxmeHun

MHTeHCUBHOCTD (OTH.C1I.)
o
[$)]
1

0.0- T T T T T T T
280 300 320 500 550 600 650
HM
a
3004  75mKxn
300
A
S ) 0
=] 5 i
: :
200
g S 2004
= / I .
= / [}
= 1 £ _ .
by

CBETOM C JJIMHON BOJIHBI 265 HM M CIEKTPajbHbIMU
HIEesIMA MOHOXPOMAaTOPOB BO3OYKIEHUS M PErucTpa-
OUA 5 U 2 HM COOTBETCTBEHHO. KBAaHTOBBIH BBIXOJ
(ryopectieHnmy  (peHMNANaHMHA B BOIHOM PacTBOPE
OYeHb HEBBICOK U cocraBmsier okoino 0.04 [3].
B cmektpe dmyopecreninm (heHmIamaHnHA MPOCIIe-
XKHUBAETCA XOPOILIO M3BECTHasl KoyiebaTenbHasi CTPYK-
Typa [2, 3]. Crektp n3mydeHus QiayopeciienHa u3me-
peH Ipu ero MnpeneiabHO HM3KOH KOHLEHTPaLUu
5-10° mr/mo u Hanpsokeann ©OY 600 B, memsvu
MOHOXPOMAaTOPOB BO30Y)KIEHHS U PETHCTPALUU 5 HM.
OTO MOKa3bIBAET, YTO MO YYBCTBUTEIBHOCTH U CIEK-
TpPaJIbHBIM ~ XapaKTEPUCTHKAM CIIEKTPO(IIyopumMerp
COJI-C B YO u BumuMmMod 00JacTIX HE YCTyMaeT
Ty4IIAM 3apyOeKHBIM MTPHOOpaM.

Ha puc. 5 npencrasieHsl pe3ynbTaTbl MOAEIBHOTO
TUTPOMETPUYECKOI'0 3KCIIEPUMEHTa C NPUMEHEHUEM
HpUIaraeMoro K npubopy aBTOMaTH3UPOBAHHOIO J10-
3aropa.

Puc. 4. Cnexktpbl (uiyopeclieHIIMU BOAHBIX PACTBOPOB (e-
nunananusa (1) u gpmyopecrenna (2).

Yenosust: st (1) — wonuentpanus 0.08 mr/mi, Hampsi-
xeane Ha @POY 800 B, mmmHa BONMHBI BO30OYKICHHS
265 HM, MIMPHHA CHEKTPAIBHBIX IIeTed MOHOXPOMAaTOpPOB
BO30Y)KIEHHUA W WM3JIY4eHHs 5 M 2 HM COOTBETCTBEHHO;
st (2) — KOHIIEHTpAIHS 5-10°° MI/MJI, HampspDKeHHE Ha
dDY 600 B, Bo30Oyx)aeHue 460 HM, IIMPHHA CIEKTPAITb-
HBIX LIeJIell MOHOXPOMAaTOpOB 5 HM

Puc. 5. MopenbHblii HKCOEPUMEHT IO

o® TUTPOBAHHUIO 2 MJI BOJIBI MATOYHBIM pac-

. TBOpOM TpunrodaHa (KOHIECHTpAIMU
. 0.3 MI/MJI) C IOMOIIBIO aBTOMATH3HPO-

* BaHHOT'O 103aTOopa.

a — cnoektpel (iayopecreniun; 0 —
3aBHCHMOCTh MHTEHCHBHOCTH (hryopec-
HeHuu tpuntodana mpu 350 HM OT g0-
0aBJIeHHOIrO0 00BbEMA, IMHA BOJHBI BO3-
Oyxnerns 280 HM, HampsDKeHHE Ha
DBV 600 B
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[IpencraBneHHble COEKTPHI (IIyOpECHEHIIUH MTOTY-
YeHbl MPU ABTOMATHYECKOM J100AaBJIEHHMH B KIOBETY
C 2 MJI BOHIBI 4epe3 3aJaHHbId WHTEpBal BPEMEHU
5 MKJI pacTBOopa TpunTodaHa, apOMaTUYECKOH aMu-
HOKHCIIOTHI, COMEpKamIeicss B OOJIBIMMHCTBE OEIKOB,
¢ koHneHnTpanuei 0.3 Mr/mn B pexume pabdortaromieit
MarHuTHOW Memmankd. KoHmeHTpamus Tpunrodana
B KIOBETE IIOCIE€ IIEepBOH 00AaBKM COCTaBIISET
0.75-10"° mr/mi1, koneunas paua 0.047 mr/mi. Jinuna
BOJIHBI BO30y»aaromero ceera 280 HM, UTHHA BOIHBI
peructpanuu 350 M. Hampspokenne Ha @OV 600 B.
[lenn MOHOXPOMATOPOB 5 HM.

st u3MepeHrs TeMIepaTypHOi 3aBUCUMOCTH UH-
TEHCUBHOCTH (PITyOpecIeHIINN u3ydaeMoro ooOpasia
B IJIaBHOM MEHIO pa0oyero OKHa HEOOXOOUMO BbI-
opate myHkT MeHto "PEXHWM", 3aTtem u3 BeIMamaro-
Iero TOAMEHI0 BEIOpaTh pexuMm "TemmeparypHas
3aBUCHMOCTB'", a 3aTeM moapexuM "TodedHbie n3me-
peanst". Ha puc. 6 mpencraBieHa 3aBUCHMOCTh WH-
TeHCUBHOCTH uryopecueHiny mpu 350 HM BOJHOTO
pacTtBopa TpuntodaHa, U3MEpPEHHAs B PEXHUME IPO-
IrpaMMHPYEMOI0 YIPaBJICHUS W3MEHEHHEM TeMIlepa-
TypsI ¢ trarom 2 °C.
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Puc. 6. TemmeparypHas 3aBUCHMOCTb WHTCHCHBHOCTH
¢yopecuenumu npu 350 HM BOAHOI'O PACcTBOpA TPHUIITO-
(aHa, M3MEpeHHass B PEeXUME MPOrpaMMHpPYEMOro Ipo-
rpesa pacTtBopa ¢ marom 2 °C.

Jmaa BomHb! Bo3Oyxnenus 280 um. Hanpsokenue OOV
600 B, mmprHa CrIeKTpajIbHBIX IIeJeH MOHOXPOMAaTOPOB
5 HM

Puc. 7. Kuneruka u3MeHeHus: crekTpoB (iyo-
PECLICHIINY TapBalbOyMHHA TPECKU IPH TUCCO-
LUALUK KaJIbIUS MO/ JEHCTBUEM XENaTopa ABYX-
BaJICHTHBIX KaTHOHOB DJITA.

Hcnonp3oBaHa TpHCcTaBKa OBICTPOTO CMEIINBA-
uus RX2000 (AppliedPhotophysics) mpu peru-
cTpanuu MHOrokaHansHEIM @DY H7260 (Hama-

2 4 6 8

M HTEHCUBHOCTD

50

Ha puc. 7 npencraBiieHbl pe3yibTaThl AKCIEPU-
MEHTa 10 U3YYEHHIO KMHETHUKU IHCCOLMALMM HOHOB
KaJblMs W3 KaJbLMHCBS3BIBAIOLIErO Oenka —
napBanpOymuHa Tpecku [6]. [lapBanpOymuH Tpecku
(MonmexymnspHas macca okono 12 k/la) obnamaer naBy-
Msl CUJIbHBIMH LIEHTPaMH CBSI3bIBAHUSI MOHOB KaJIbLIUS.
[Tapamerpsl (¢uyopecleHIMH €ro €AMHCTBEHHOI'O
octaTka TpunTodaHa (MMOJOKEHNE MAaKCHUMyMa CIeK-
Tpa
1 KBaHTOBBII BBIXOA ()IIyOpECLEHIIMN) CUIIBHO 3aBU-
CAT OT CTENEHM 3aIlOJIHEHHOCTH €ro LIEHTPOB CBS3bI-

10
Bpewms, ¢

matsu). Kormenrparmms 6enxa 50 mxM, 0.05 M
Hepes, pH 8.1. JlnuHa BONHBI BO30YKICHHA
280 aM, Hanpspkenune Ha ®DY 700 B, mmpuna
CIIEKTPAJIbHBIX WIEJIEl MOHOXPOMATOpPOB 5 HM.
Wutepan mexny cnektpamu 0.2 c. Ha BcTaBke
NIPE/ICTaBICHA KWHETHKAa W3MEHEHHsS OTHOCH-
TEJIbHOU IUIOMAAN A TOJ CHEKTPAMU U3JTy4EHUS

440

BaHua Kambimem [7]. Ilpm ObicTpoM cMemmBaHWUA
pacTBopa  KaJbLMHHACBIIIEHHOTO IapBajbOyMuHA
C XeNnaTopoM JIBYXBaJIEHTHBIX KaTHOHOB DJ[TA (aTHm-
JIeHTNAaMUH-TeTpayKCycHas kuciorta) mpu pH 8.1
C IOMOLIBIO MPUCTABKU OBICTPOrO CMEIIUBAHUS
RX2000 (AppliedPhotophysics Ltd, Leatherhead, UK)
MOHBI KJIBLIUS YXOIAT ¢ OenKa M MepexoasarT Ha xeja-
TOp. DTOT OBICTPBIN MPOIECC XOPOIIO MPOCIEKNBALT-
Csl TI0O M3MEHEHHWIO CIEKTPOB TPHUNTOPAHOBOH Quryo-
peclieHIHH MapBajbOyMHUHA NpPU PETHUCTPALIMM MHO-
rokaHampHeIM  DOY H7260 (Hamamatsu, Japan)
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C BpEMEHEM LIara MeKAy IOC/Ie0BaTeIbHO N3MEPEH-
HbiMu cnektpamu 0.2 c. Ilpu ynaneHun kanpuus
13 HapBalbOyYMHHAa HPOMCXOAUT JUIMHHOBOJIHOBBIN
CIBUT MaKCUMyMa CHeKTpa TpunTohaHoBOH Qiryo-
pecueHuy nmouty Ha 30 HM M pe3Koe NaJicHUuEe KBaH-
TOBOTO BbIXOJa (hIyOpecLeHLHH, YTO COOTBETCTBYET
MEPEMEIICHUI0 €ro €ANHCTBEHHOI'0 OCTaTKa TPUIITO-
(haHa W3 BHyTpeHHeW dYacTh OelKka Ha €ro IOoBepX-
HOCTh B BOJHOE OKpyxerwme [2, 3, 7]. OTmerum, 9TO
IVl U3Y4EHHUS] KMHETHMKH METOAOM OCTaHOBJIEHHOI'O
IIOTOKA B COBPEMEHHBIX CHEKTPOoduIyopHMeTpax
O0BIYHO PErHCTPUPYIOT U3Iy4YeHHE IPU ONHOW AJIHMHE
BoiHbl. Ha Bkiagke puc. 7 MOKa3aHO H3MEHEHHUE
IUTOIIA/AN O] CIIEKTPAaMH H3JIyYeHHS B 3aBHCUMOCTH
oT BpeMeHH. lIpuBeneHHble 3KCIIepUMEHTaIbHbIE pe-
3yJIbTaThl O3BOJISIOT U3MEPUTH KOHCTAHTBI CKOPOCTH
IUCCOLMAIMM MOHOB KaJIbLMS M3 LIEHTPOB CBS3bIBA-
HUS MapBajbOyMUHa, YTO OYEHb BaXKHO ISl IOHUMa-
HUS MEXaHU3MOB (PYHKIIHOHHPOBAHUSI STOTO OenKa.

3AK/IIOYEHHUE

Briepssie B Poccnn pa3paboTtaH CKOpOCTHOM Criek-
TpoduIyOopuMerp, KOTOPbI IO CIEKTPaJbHO-TEXHH-
YECKUM XapaKTePUCTHKaM HE YCTYNaeT aHaJIOIMYHbIM
npubopam 3apyOexHBIX GupM (cM., Hapumep, [4, 5,
8, 9].

Crexrpopnyopumerp  COJI-C  perucrtpupyer
CHEKTPbl ()IyOpecLEeHIIMH HCCIENYEMbIX PacTBOPOB
mo 32 xaHamaMm (TOYKaM CHEKTPaJbHOW KPHUBOH) OJI-
HOBPEMEHHO CO CKOpPOCThIO Oonee 20 CrieKTpoB B ce-
kyHnay. Ilpu sTomM ocHameHue nmpubopa IMO3BOJSIET
OJTHOBPEMEHHO € MHOIOKaHaJbHOM perucrpauueit
(ryopecieHInN OCYIIECTBIATE U3MEHEHUE TeMIIepa-
TypBI HCCIIEAYEMOro o0pasna 10 3apaHee ONpeleNeH-
HOMY aJTOPUTMY, a TaKKe OCYIIECTBIIATH MUKPOTHUT-
pOBaHUE PACTBOPOB B KIOBETE NPHUOOpa C IOMOLIBIO
YIPaBIIEMOro aBTOMaTU3MPOBAHHOI'O MHUKPOA03aTO-
pa. KommiekcHocTh mpuOopa CyIIECTBEHHO PaCIIN-
psieT BO3MOMKHOCTH TIPOBEAEHHS C €ro IOMOLIBIO
CIIO)KHBIX OMOXUMHYECKUX W OMOPU3NUECKHX IKCIIe-
PUMEHTOB.
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HIGH SPEED REGISTRATION SPECTROFLUORIMETER SFL-S

V. G. Krivenko, Yu. L. Khodasevich, S. N. Pantuz,
V. 1. Emalyanenko, N. I. Borisova, E. A. Permyakov

Federal Research Center ‘Pushchino Scientific Center for Biological Research of the Russian Academy of Sciences’,
Institute for Biological Instrumentation of the Russian Academy of Sciences, Pushchino, Moscow region, Russia

An experimental multifunctional high speed registration spectrofluorimeter SFL-S has been developed at the
Institute for Biological Instrumentation of the Russian Academy of Sciences. The spectrofluorimeter is designed
to measure excitation and emission spectra of solutions and suspensions of biological molecules and cells in the
ultraviolet, visible, and near infrared spectral regions in the course of fundamental and applied research in the
field of physicochemical biology, biophysics, biochemistry, and medicine. Features of the instrument are: the
possibility of high-speed registration of spectra by means of multichannel system (32 channels, more than 20
spectra per second); the ability to control the change of the temperature of the solution in the measuring cell ac-
cording to a given algorithm (0 to 100 °C); the possibility of microtitration of the solution in the measuring cell

using an automatic microtitrator.

Keywords: spectrofluorimeter, spectrum, luminescence, fluorescence, excitation, high speed measurements

INTRODUCTION

The luminescence (fluorescence) method has long
been a widespread spectral method used in various
fields of physics, chemistry, and biology. This method
is especially widely used in physicochemical biology,
biophysics, biochemistry and partly in medicine [1-3].
Many organic molecules contain conjugated double
bonds capable of absorbing quanta of light in the ul-
traviolet and visible spectral ranges, and then emit
lower energy quanta of light (photoluminescence).
The emissin parameters (the position of the spectrum
maximum, the quantum yield of emission, etc.) de-
pend on the properties of the immediate environment
of the emitting molecule, which can be used for vari-
ous purposes. For example, there is a widely known
usage of natural and artificial fluorescent probes and
labels for the study of biopolymers — proteins and
nucleic acids [1-3].

To measure the emission and excitation spectra of
various compounds, special devices called spectroflu-
orimeters are used. Typically, a spectrofluorimeter /
spectrofluorometer for measuring stationary spectra
consists of an exciting light source, an exciting light
monochromator, a cell for a sample under study,
a system for collecting emission of a sample, an ana-
lyzing monochromator, a photomultiplier tube, and a
system for recording and analyzing the emission spec-
trum [1-3]. Leading foreign manufacturers of spectro-
fluorimeters, such as Horiba, PerkinElmer, Thermo,
Shimadzu, Hitachi, mainly produce devices for meas-
uring stationary fluorescence, continuously updating
and developing their families of devices. The devices
use modern elements of microelectronic technology,
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new materials and promising design solutions (see, for
example, [4, 5]). In our country, spectrofluorimeters
suitable for studying biological objects are not pro-
duced. At the Institute of Biological Instrumentation
of the Russian Academy of Sciences, work was car-
ried out to find technical solutions that would make it
possible to develop a fairly cheap universal spectro-
fluorimeter capable of quickly measuring the emission
spectra of biological objects in a wide temperature
range and suitable for titrating a liquid sample under
study with small additives of various compounds.

DEVICE DESIGN

Spectrofluorimeter SFL-S, the general view of
which is shown in Fig. 1 is constructed according to
the classical registration scheme, when the emission
of the studied sample is collected at an angle of 90° to
the direction of the exciting light beam. In this case,
the exciting flux is formed by monochromatization of
the continuous emission spectrum of the XBO 150W /
GROFR xenon lamp by OSRAM.

The SFL-S spectrofluorimeter includes a spectro-
fluorimetric unit, a titration device, an attachment for
fast mixing of solutions and a control computer.
The spectrofluorimetric unit combines the optome-
chanical system of the device and electronic means
that ensure the control process of the spectrofluorimeter.

Fig. 2 shows a simplified block diagram of the
SFL-S spectrofluorimetric unit. This unit consists of
the following functional units: a source of exciting
light, excitation and recording monochromators,
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Fig. 1. General view of the SFL-S spectrofluorimeter with an open cuvette chamber

Fig. 2. Simplified block diagram of the SFL-S spectrofluorimeter

a photoelectronic converter (FEC) and a multichannel
photoelectronic converter (MFEC), a cell compart-ment,
lamp power supplies, power, analog and digital circuits,
a controller board, programmable thermostat, multi-
channel photoelectronic multiplier (PEM) controller
board, ventilation means for spectrofluorimetric unit.

The excitation and recording monochromators use
concave holographic diffraction gratings with 1200
grooves per mm, a radius of 150 mm and a working
spectral range of 200900 nm, which provide high
transmission and low level of scattered light. Mono-
chromators are made in the form of independent struc-
tural assemblies, which include both optical and me-
chanical elements, as well as electronic modules that
ensure the operation of these nodes.

To ensure uniform tuning of the monochromator to
wavelengths during scanning and, accordingly, for the
linearity of the instrument scale along the wavelength
axis of the measured spectrum, we used a sine mecha-
nism and a digital microcontroller that controls the
stepping motor of the diffraction grating drive. To
record stationary emission spectra with mechanical
scanning, we used Hamamatsu R6356 photomultipli-
er, which has a high detection sensitivity in the range
of 185-900 nm and a minimum dark current of 0.1 nA
at a nominal gain.

The most important feature of the spectrofluorime-
ter is the possibility of introducing a multichannel
receiver in the form of a 32-channel Hamamatsu
H7260 photomultiplier into the emission detection
channel of the sample under study for fast recording
of spectra.

To study the interactions of various compounds
with each other, we have developed a dispenser that
allow to add small volumes of solutions of various
substances to the measuring cell according to a given
program. Dosing of reagents in the dispenser is pro-
vided by step-by-step movement of the plunger of a
precision microsyringe. The dispenser is designed to
use Hamilton 1700 Series N or TLL micro syringes. It
is possible to use micro syringes from other manufac-
turers with similar design characteristics. The dis-
penser stepper drive ensures the movement of the mi-
cro syringe plunger by at least 50 mm. In this case, the
minimum movement of the plunger of the micro sy-
ringe (unit step) is 6.3 um, time for the dispenser to
perform this movement is no more than 2 ms.

To implement the possibility of fast mixing of so-
lutions in the measuring cell, we used an RX2000 fast
mixing attachment by Applied Photophysics. The
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minimum mixing volume is 0.3 ml. The samples are
mixed pneumatically, with a dead time of about 6 ms.
The required temperature of samples in syringes and
cuvette is provided using an external water thermostat.

INSTRUMENT CONTROL SYSTEM

Upper control level

The control system of the SFL-S spectrofluorime-
ter includes three levels. The upper level, which is the
control computer of the instrument, provides general
control of the spectrofluorimeter. Through the inter-
face widows of the computer monitor, you can select
the measurement mode, enter the settings of the se-
lected mode, start the measurement process and dis-
play the results. In the process of measurements, the
upper-level software generates a set of control com-
mands corresponding to the selected measurement
mode, maintains the flow of information in the pro-
cess of measurements, and performs the necessary
mathematical processing of the obtained data arrays.
After completion of the measurement cycle, the re-
sults are saved a form to be selected.

Second level of control

The role of the second level of control of the de-
vice is performed by the controller board of the spec-
trofluorimetric unit, made on an 8-bit AVR microcon-
troller ATmegal28-16AU by Atmel with an improved
RISC architecture, having 53 inputs / outputs and
128 kbytes of programmable memory. The tasks of
the second level include: ensuring data exchange with
the upper control level, controlling the process of ini-
tialization of devices of the spectrofluorimetric unit
and microtiter, maintaining cyclic processes of meas-
uring the intensity according to the main and reference
channels, control of the temperature of the cuvette
holder and the sample under study using temperature
sensors, maintaining the measurement process in the
established mode in accordance with the settings defined
for this mode by the upper-level control system.

Third level of control

The role of the third level of control of the spectro-
fluorimeter is performed by 8-bit AVR microcontrollers
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Fig. 3. The main window of the program with the output of measurement results

ATmega8-16AU by Atmel, which have 23 inputs /
outputs and 8 kbytes of programmable memory in-
stalled on the control boards of functional units of the
spectrofluorimetric unit. The role of this control level
is to manage the drivers of the executive mechanisms
of functional units, which relieves the controller of the
photometric unit from routine procedures. In addition,
the controllers of devices such as a multi-channel
PEM controller board and a programmable cuvette
compartment thermostat provide autonomous process
control at the level of these nodes.

User interface

The spectrofluorimeter control is started by the

SFL1.exe program. The main program window opens
on the monitor. Fig. 3 shows an example of a program
window with the set mode, settings and measurement
results. Measurement conditions are set by selecting
the required mode and sub-mode in the menu.
The main settings panel, located in the upper part of
the window, is designed for tuning monochromators
to the specified wavelengths, setting monochromator
slits, setting the spectral interval of monochromators,
scanning step and accumulation time of spectrum
points, setting the voltage supplying the PEM and the
gains of the recording path, setting the measurement
temperature. In the bottom line of the program win-
dow, you can control the level of fluorescence intensi-
ty recorded by the measuring channel of the spectro-
fluorimeter. The main panel is also designed for set-
ting time constant of the recording path, stirring rate
of the magnetic stirrer in the cuvette holder, the num-
ber of repetitions and the form of presentation of
measurement results in spot measurement mode. The
PEM signal is displayed in digital and histogram
forms.

SPECTRAL AND TECHNICAL
DEVICE SPECIFICATIONS

» The working spectral range of the excitation chan-
nel is 220-800 nm, the recording channel is 240—
900 nm. The error in setting the wavelengths of
monochromators does not exceed + 1 nm.

» The separated spectral interval of monochromators
of both channels has fixed values of 1, 2, 5, 10 and
20 nm.

» The scanning step in the mechanical spectrum
sweep mode has the values 0f0.2, 1.0, 2.0 and
5.0 nm.

» Spectrum points accumulation time: 0.04, 0.2, 1.0
and 5.0 s.

» Minimum time between sequential registration of
two spectra of 32 points in the multichannel regis-
tration mode 0.04 s.

» Signal-to-noise ratio of about 200 when registering
the Raman spectrum of water with an accumula-
tion time of the registration channel of 1 s and
spectral intervals of monochromators of both
channels of 10 nm.

DEMONSTRATION OF SPECTROFLUORIMETER
WORK IN VARIOUS MODES

Fig. 4 shows the fluorescence spectra of aqueous
solutions of phenylalanine (1) and fluorescein (2),
measured in the mode of mechanical spectrum sweep.
The spectrum of phenylalanine, an aromatic amino
acid that is part of most proteins, was measured at
a concentration of 0.08 mg / ml and a voltage on
a photomultiplier of 800 V in terms of light excitation
at a wavelength of 265 nm and spectral slits of excita-
tion and recording monochromators of 5 and 2 nm,
respectively. The fluorescence quantum yield of phe-
nylalanine in an aqueous solution is very low and
amounts to about 0.04 [3]. A well-known vibrational
structure is traced in the fluorescence spectrum of
phenylalanine [2, 3]. The emission spectrum of fluo-
rescein was measured at its extremely low concentra-
tion
5-10° mg / ml and a PEM voltage of 600 V, mono-
chromator slits for excitation and recording of 5 nm.
This shows that in terms of sensitivity and spectral
characteristics, the SFL-S spectrofluorimeter in the
UV and visible regions is not inferior to the best for-
eign devices.

Fig. 4. Fluorescence spectra of aqueous solutions of phenylalanine (1) and fluorescein (2).
Conditions: for (1): the concentration is 0.08 mg / ml, the voltage on the PEM is 800 V, the exci-
tation wavelength is 265 nm, the width of the spectral slits of the excitation and emission mono-

chromators is 5 and 2 nm, respectively;

for (2): concentration is 5-10°° mg / ml, voltage across the PMT is 600 V, excitation is 460 nm,

spectral slit width of monochromators is 5 nm
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Fig. 5. Model experiment on titration of 2 ml of water with tryptophan mother liquor (concentra-
tion is 0.3 mg / ml) using an automated dispenser.

a — fluorescence spectra; b — dependence of the fluorescence intensity of tryptophan at 350 nm
on the added volume, excitation wavelength is 280 nm, voltage across the PEM is 600 V

Fig. 5 shows the results of a model titrometric ex-
periment with the use of an automated dispenser at-
tached to the device.

The presented fluorescence spectra were obtained
by automatic addition of 5 pl of a tryptophan solution,
that is an aromatic amino acid found in most proteins,
at a concentration of 0.3 mg / ml to the cuvette with
2 ml of water at a given time interval in a magnetic
stirrer mode. Tryptophan concentration in the cuvette
is 0.75-10° mg / ml after the first addition, the final is
0.047 mg / ml. The wavelength of the exciting light is
280 nm, the recording wavelength is 350 nm. The
voltage across the PEM is 600 V. The monochromator
slits are 5 nm.

To measure the temperature dependence of the flu-
orescence intensity of the sample under study in the
main menu of the software window, select the PE-
KM / MODE menu item, then from the drop-down
submenu select the "TemmeparypHas 3aBUCHMOCTH /

Temperature dependence" mode, and then the "To-
yeyHble m3MepeHus / Point measurements" submode.
Fig. 6 shows the dependence of the fluorescence in-
tensity in terms of 350 nm of an aqueous tryptophan
solution. The dependence is measured in the pro-
grammed control mode of temperature changing with
a interval of 2 °C.

Fig. 7 shows the results of an experiment to study
the kinetics of dissociation of calcium ions from the
calcium-binding protein — cod parvalbumin [6]. Cod
parvalbumin (molecular weight about 12 kDa) has
two strong binding sites for calcium ions. The fluores-
cence parameters of its only tryptophan residue (posi-
tion of the spectrum maximum and the quantum yield
of fluorescence) strongly depend on the degree of oc-
cupancy of its binding sites with calcium [7]. With
rapid mixing of a solution of calcium-saturated par-
valbumin with divalent cation chelator EDTA (ethyle-

Fig. 6. Temperature dependence of the fluorescence intensity in 350 nm of an aqueous solution of tryptophan,
measured in the mode of programmed heating of the solution with a interval of 2 °C.
Excitation wavelength is 280 nm. PEM voltage is 600 V, spectral slit width of monochromators is 5 nm

Fig. 7. Kinetics of changes in the fluorescence spectra of cod parvalbumin during calcium dissociation under

the action of the chelator of divalent cations EDTA.

An RX2000 fast mixing attachment (Applied Photophysics) was used for recording with an H7260 multi-
channel PEM (Hamamatsu). Protein concentration is 50 uM, Hepes is 0.05 M, pH is 8.1. The excitation wave-
length is 280 nm, the voltage across the photomultiplier is 700 V, and the spectral slit width of the mono-
chromators is 5 nm. The interval between spectra is 0.2 s. The inset shows the kinetics of changes in the rela-

tive area A under the emission spectra

nediamine tetraacetic acid) at pH 8.1 using an
RX2000 rapid mixing attachment (Applied Photo-
physics Ltd, Leatherhead, UK), calcium ions are re-
moved from the protein and transferred to the chela-
tor. This rapid process is well traced by the change in
the tryptophan fluorescence spectra of parvalbumin
upon registration with a multichannel PEM H7260
(Hamamatsu, Japan) with an interval of 0.2 s between
successively measured spectra. When removing calci-
um from parvalbumin, a long-wavelength shift of the
maximum of the tryptophan fluorescence spectrum by
almost 30 nm and a sharp drop in the fluorescence
quantum yield occur, which corresponds to the
movement of its only tryptophan residue from the in-
ner part of the protein to its surface into the aqueous
environment [2, 3, 7]. Note that to study the kinetics
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by the stopped flow method, modern spectrofluorime-
ters usually record emission at one wavelength. The
inset in Fig. 7 shows the change in the area under the
emission spectra depending on time.The experimental
results presented make it possible to measure the rate
constants of the dissociation of calcium ions from the
parvalbumin binding sites, which is very important for
understanding the mechanisms of the functioning of
this protein.

CONCLUSION

For the first time in Russia, a high-speed spectro-
fluorimeter has been developed, which, in terms of
spectral and technical characteristics, is not inferior to
similar devices of foreign firms (see, for example, [4,
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5,8, 9]

The spectrofluorimeter SFL-S registers the fluo-
rescence spectra of the investigated solutions in 32
channels (points of the spectral curve) simultaneously
at a rate of more than 20 spectra per second. At the
same time, the equipment of the device allows, simul-
taneously with multichannel recording of fluores-
cence, to change the temperature of the test sample
according to a predetermined algorithm, as well as to
carry out microtitration of solutions in the cuvette of
the device using a controlled automated microdosing
unit. The complexity of the device significantly ex-
pands the possibilities of carrying out complex bio-
chemical and biophysical experiments.
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