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Cryoscopic Osmometer for Studying Cryobiological Fluids

IIpoananu3upoBaHbl GakTOpPhI, BIUSIONME HA TOYHOCTh U3MEPEHUH TeMIepaTyphl 3aMep3aHusl OHOJMIOTHYSCKHUX KHUIKOCTEHl B
KPHOCKOITMYECKOM OCMOMETpE: TeIUIOEMKOCTh JIaTYHMKa TeMIIepaTypbl, Macca o0pasiia, MHTerpajibHasl TEIJIONPOBOJHOCTb CPEAbl U
Pa3sHOCTh TeMIeparyp MexIy o0pa3loM M oXJaguTesieM. Pe3ysbTaTsl aHan3a UCIIOIb30BAHbI MPH Pa3pabOTKe KPUOCKOIMYECKON
SIUCHKH JUTSI UCCIIE0OBAHUS HKUAKOCTEHN C TIOBBIIICHHON CKJIOHHOCTBIO K MEepeoXJIaKAeHUI0. KpHoCKOMMUeCcKrii 0CMOMETp ¢ JaHHOMH
AYEHKOM I03BONSET U3MEPSTH TEMIIEPATYPY 3aMep3aHusl TAKUX CUCTeM ¢ TouHOCThI0 £0,005°C.

Knrouegvle cnoga: KprocKONMUECKUI 0CMOMETP, KpHUOOHOJIOTHYECKUE )KUAKOCTH, KPUOIPOTEKTOPHI, IEPEOXIIaKACHHUE.

IIpoananizoBaHo ¢akTopu, sKi BIJIMBAIOTh HAa TOYHICTh BUMIpIOBaHb TEMIIEpATypu 3aMep3aHHs Oi0JOTIYHUX PigUH Y
KPiOCKOMIYHOMY OCMOMETPI: TEIUIOEMHICTh JaTYHKa TeMIIepaTypH, Maca 3paska, iHTerpajibHa TerJIoNpOBIIHICTh CePeIOBHIIA Ta PI3HULIS
TEMIIepaTyp MiX 3pa3KoM i 0X0JI0KyBadeM. Pe3ynbraTu aHasizy BUKOPUCTaHi y po3po0Li KPioCKOIYHOT KOMIPKH ISl JOCITiPKCHHS
PIOMH 3 MiABHIICHOK CXHIBHICTIO 0 MEPEOXOomKeHH. KpioCKomiuHUi 0CMOMETp 3 JaHOK KOMIPKOK TO3BOJISIE BUMIipIOBATH
TEMIIepaTypy 3aMep3aHHs TaKuX cucteM 3 TouHicTio +0,005°C.

Kniouosi cnosa: xpiockoniunuit ocMoMeTp, KpioOioJIOTiuHI PiJMHU, KPIOTIPOTEKTOPH, TIEPEOXOTOIKEHHS.

The factors affecting the accuracy of temperature measurements in biological fluids in cryoscopic osmometer: heat capacity of
temperature gauge, sample mass, integral heat conductivity of the medium and temperature difference between the sample and coolant,
were analyzed. The results of analysis were used when designing cryoscopic cell to investigate the liquids with an increased inclination
to overcooling. Cryoscopic osmometer with this cell enables the measuring of freezing temperature of such systems with =£0.005°C

accuracy.

Key words: cryoscopic osmometer, cryobiological fluids, cryoprotectants, supercooling.

Kpuockonnueckre ocMOMETpPbI IPUMEHSIFOTCS IS
aHayn3a OMOJIOTHYECKUX KUIKOCTEH Ha NPOTSHKEHUH
Ooree ISATUIECSTH JIeT. B MeTMIHCKOM pakTHKe Hau-
0osiee pacnpoCTpaHEHbl OCMOMETPBI IJIsl HCCIIENO0-
BaHUSl OCMOTHYECKOI'O COCTOSIHUSI KPOBH, IIa3MBbl,
MO4H, papMaleBTHYECKUX penapaToB U T. 1. Ha pein-
K€ Hay4HOro NMpHOOpPOCTPOCHUS U3BECTHBI IPOU3BO-
nuMble B 'epMaHu KPHOCKOTTMYECKHE OCMOMETPHI
K-7400 xomnannn “Knauer”, “Osmomat” ¢pupmsbl
“Gonotec”, “OsmoLAB” ¢pupmsr “Labtek Services”,
npudops! upm “Precision Systems Inc.” (CILIA),
“Apkpeit” (Snonus), HIII “bypesectnuk” (Poccus).
J1s i3MepeHnst OCMONSUITBHOCTH KOHKPETHBIX OMOJIOTH-
YECKHX KUJIKOCTEH pa3padaThiBatOTCs y3KOCIICIHAII-
3WpOBaHHBIE OcMOMeTphl. Hanpumep, dupmoit “Ad-
vanced Instruments Inc.” (CLLIA) npon3BoauTcs Kpuo-
CKOIIMYECKUH HAHOJMTPOBBIH ocMOMeTp (Mozeinb
3100), no3BOJISOIIMI OTIPEAEIISATH OCMOJIIBHOCTB ClIe-
3b1 [3, 4, 7], ocmometp 3320 (I'epmanust) pazpabotan
JUTSI KOHTPOJIST OCMOJISUTEHOCTH MOJToKa [ 5], “Advanced
Model 20G Osmometer” (CLLIA) mmpoko ucrons3yer-
Cs1 TIPU UICCTIETOBAHMH OCMOTHYECKOTO COCTOSIHHSA CyC-

MHCTUTYT NpobAeM KPUOOMOAOTUM U KPUOMEANLIMHBI
HAH YkpauHbl, r. Xapbkos
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Cryoscopic osmometers have been applied for ana-
lyzing biological fluids for more than 50 years. In me-
dical practice the most popular are the osmometers
for investigation of osmotical state of blood, plasma,
urine, pharmaceutical preparations efc. On the market
of scientific professional equipment there are known
the produced in Germany cryoscopic osmometers
K-7400 of Knauer company, Osmomat of Gonotec,
OsmoLAB of Labtek Services, the devices of Preci-
sion Systems Inc. (USA), Arkray (Japan), SPC Bure-
vestnik (Russia). To measure the osmolality of certain
biological liquids there are designed narrowly-specia-
lized osmometers. For example, the Advanced Instru-
ments Inc. (USA) produces the cryoscopic nanoliter
osmometer (model 3100) allowing the determining of
tear osmolality [3, 4, 7 ], osmometer 3320 was designed
to control milk osmolality [5], Advanced Moel 20G Os-
mometer is widely applied when investigating the
osmotic state of cell suspensions of mammals, cultures
of plant cells, processes of bacterial fermentation [2].
However, when analyzing the available literature it has
been established that the designers of cryoscopic
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MICH3HUH KJIETOK MJICKOTIUTAIONINX, KYJIBTYP PacTUTEIb-
HBIX KJIETOK, MPOLECCOB OAKTEPUATBHOTO OpOXKEHUSI
[2]. Onnako npu aHaM3E OCTYITHON HaM HH(OpMaLHN
YCTaHOBJICHO, YTO Pa3padOTYMKH KPHUOCKOIUYECKUX
OCMOMETPOB HE YIEISIOT JOCTAaTOYHOTO BHUMAHUS
pa3paboTke MPUOOPOB IS H3MEPEHHUS OCMOJISUTBHOCTH
KpPHOOHOJIOTHYCCKUX KUIKOCTEH — OMOJIOTHYECKUX
JKUJIKOCTEH, COIePIKaIIIX KPHO3aIIUTHHIE BEIIECTBA.
OCO00EHHOCTRIO 3aMeP3aHHsI BOJHBIX CHCTEM, COJIEP-
JKAIIUX KPUOMPOTEKTOPHI, SBISETCA CKIOHHOCTH K
YCTOMYMBOMY JUTUTEIILHOMY MEPEOXJIaKICHHUIO, BCIIE/I-
CTBHE Y€ro BbI3BaTh MX KPHCTAIM3AIMIO B KPHOCKOITH-
YECKOM OCMOMETPE JTOCTATOYHO CIIOXKHO.

Hens paboTel — pa3paborka nmpubopa ais pe-
THCTPAaLUU TEeMIIEPATyphl 3aMep3aHusi U OCMOJISITb-
HOCTH B KPHOOHOJIOTMUECKHX JKUIIKOCTSIX; TIOBBIILICHUE
TOYHOCTH KPHOCKOMTUIECKUX U3MEPEHUH 715 aHATN3a
CHCTEM, OTIIMYAIOIINXCA IT0 TEMITEpaType 3aMep3aHus
He 6oiee uem Ha 0,01°C.

J1s mOCTIKEHUS TAaHHOM T1eJTH HaMF OBIITH TIpOaHa-
JTU3UPOBAHBI PAKTOPHI, BIUSIONINE HA TOYHOCTH U3Me-
peHUs TeMIepaTypsl 3aMep3aHus XUIAKOCTH TPH
MOMOILH KPUOCKOITMYECKOTO OCMOMETpa, Ha OCHOBAaHUH
KOTOPBIX pa3paboTaHa M3MEpUTENIbHAS sTYeiiKa KPHO-
CKONIMYECKOTr0 OCMOMETpa AJsl HCCIeAOBaHUs
KPHOOMOIOTUUECKHX )KUAKOCTEH.

Martepuanbl U metoAbI

Kpuobuonornyeckue XUIKOCTH TOTOBUJIN Ha
OCHOBE JOIOJTHUTEIbHO OYHINEHHBIX KPUOMPOTEK-
Topos: 1,2-nponaranona (1,2-I1]1), rmurepuna u auve-
tuncynbdokcuaa (JIMCO) mapku “x. 4.” (“Peaxum”™
Poccus).

HccneayembiM pacTBOPOM 3aITOTHSIIA KPUOCKOITH-
YECKYH0 SYCHKY OCMOMETpa, B o0pasel] morpyxain
TEPMOYYBCTBUTEIIbHBIN JATYUK, 3aTEM SIUCHKY ITOME-
)M B OXJIQJIUTEINb C TEMIIEPATyPOi HUKE TeMIIepa-
TYpBI Havyalla KPUCTAJUTU3AIIUH JIbJIa B UCCIICIYyEMOM
pacTBope.

Ha puc. 1 npencraBieHa 3aBUCUMOCTh TEMIIEpa-
TYypbl UCCIIEYEMON XKUAKOCTH B KPHUOCKOIIUYECKOU
sgeiike OT BPEeMEHH. B mepeoxiaxaeHHOM o0pasiie
(Touka B Ha puc. 1) HaumHACTCS KPUCTATUTH3AIIHS JTbIa
(yaactkn BC — mns gmcrtoit Bonsl m BC1 — mimst
BOJHOTO PaCTBOpPA OCMOTHYECKH aKTHUBHOTO BEIECT-
Ba). B Xoje kpucTamm3aiy BeIIEISICTCS] CKPBITAs
TerioTa (a3oBOro mnepexoja, U TeMIieparypa nepe-
OXJIQXKJICHHOTO 00pa3iia B SYCHKE IMOBBIIIACTCS JI0
3HAYCHUSI KPUOCKOMTUYECKOH Temrieparypsl (Touku C
u Cl), coorBeTcTByIOIICH (pa30BOMYy pPaBHOBECHUIO
“)XHJIKOoe-TBepJ0e” B UccienyeMol cucreme. B teue-
HHE HEKOTOPOTO BPEMEHH TeMIlepaTrypa B sueiike
TToIep)KUBaeTCsl Ha oqHOM ypoBHE (yuacTok CD).
[Tocrne 3aBeprIeHnsT KPUCTAILTH3AINH JIbJ]a TEMITepa-
Typa obpasiia nmorrmkaetcs (yaactok DE) u ctpemutcst
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osmometers do not pay enough attention to the develop-
ment of the apparatuses for measuring the osmolality
of cryobiological fluids, i. e. biological fluids containing
cryoprotective agents (CPAs). The peculiarity of free-
zing of aqueous systems containing CPAs is the inclina-
tion to a stable long-term supercooling, that results in
quite complicated initiation of their crystallization in
cryoscopic osmometer.

The research aim is to develop the device for recor-
ding freezing temperature and osmolality in cryobiolo-
gical fluids; to increase the accuracy of cryoscopic
measurements to analyze the systems differing on
freezing temperatures not more than by 0.01°C.

To achieve this aim we have analyzed the factors
affecting the accuracy of freezing temperature measu-
rement for liquids by means of cryoscopic osmometer.
With basing on this analysis there was designed a
measuring cell of cryoscopic osmometer to investigate
cryobiological liquids.

Materials and methods

Cryobiological fluids were prepared on the base of
additionally purified cryoprotectants: 1,2-propane diol
(1,2-PD), glycerol and dimethyl sulfoxide (DMSO) of
"chemically pure" grade (Reakhim, Russia).

The solution under study was placed into cryoscopic
cell of the osmometer, thermosensitive gauge was
plunged into the sample, then the well was placed into
a coolant with the temperature below the one of ice
crystallization in the studied solution.

Fig. 1 shows the dependence of temperature of
the studied liquid in cryoscopic cell vs. time. In super-
cooled samples (point B in Fig. 1) ice crystallization
starts (sites BC for pure water and BC1 for aqueous
solution of osmotically active substance). During crys-
tallization the hidden heat of phase transition liberates,
and the temperature of supercooled sample in the cell
increases up to the value of cryoscopic temperature
(points C and C1), corresponding to "liquid-solid" phase
balance in the investigated system. Within certain time
the temperature in the cell is maintained at the same
level (site CD). After finishing of ice crystallization
the sample temperature decreases (site DE) and ap-
proaches to a coolant one. Thus by making measure-
ments on the site CD one can with a high accuracy
determine the temperature of "liquid-solid" phase
balance for the given system. At the first approximation
the temperature corresponding to the point C on a
cooling curve is assumed as freezing point.

Measurement of freezing temperature and osmola-
lity of cryobiological liquids is complicated with the need
of using the coolants, enabling the achieving of lower
temperature to obtain deep supercoolings of the studied
fluid. However, the increase in the difference of tempe-
ratures between coolant and cryoscopic cell rises the
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Puc. 1. TunuvHas KpuBasi OXJIQXACHUS BOTHBIX CHCTEM: a —
YHCTOr0 pacTBOpUTEN (BOAbI); b — BOTZHOTO pacTBOpa
ocMoTHYecKH akTiBHOTO BeniecTsa (0,9% NaCl).

Fig. 1. Typical curve of cooling aqueous systems: a — pure
dissolvent (water); b — solution of osmotically active
substances (0.9% NaCl)

K TeMITepaType oxjaaanuTes. TakuM o0pa3om, TpoBeIst
mMepenns Ha ygactke CD, MOXXHO ¢ BBICOKOHM TOU-
HOCTBIO OITPENIITUTh TEMIIEPaTypy (Pa3oBOro paBHOBE-
cHs ‘““KHIKOe-TBepAoe” I JAaHHOU CHCTEMBI. B 1ep-
BOM TNPUOIMKEHUN TOYKOW 3aMep3aHUs pacTBOpa
MPUHATO CUUTATH TEMIIEPATypPy, COOTBETCTBYIOIIYIO
touke C Ha KPUBOU OXJIAXKICHHUS.

H3mepenue temmepaTypbl 3aMep3aHUsl U OCMO-
JSUTBHOCTH KPUOOUOIOTHYECKUX KHUIKOCTEH YCIO0XK-
HEHO HEOOXOTUMOCTHEO UCIIONIb30BAHUS OXJIaTUTEIICH,
MTO3BOJISFOIINX JOCTHTaTh O0JIee HU3KOU TeMIeparyphbl
JUTSL TIONTy9eHUs TPeOyeMbIX TIIYOOKUX TepeoxXiax-
JEHUH nccaenyeMoit Kuakoct. OqHaKO YBETUICHUE
Pa3HOCTH TEMITEpaTyp MEXKITy OXJIAAUTEIIEM U KPHO-
CKOTIMYECKON STMEUKOH IMOBHINIAET CKOPOCTH O0TOOpa
Teria OT 00pasia, 9To yMEHBIIACT BPEMS €T0 KpHrC-
tayum3anuu (ydactok CD).

B nmarnOl paboTe MBI TPOAHATU3UPOBATH, KAKHM
00pa3oM MpoTsKeHHOCTh ydacTka CD Biusier Ha
TOYHOCTh M3MEPEHUs TeMIIepaTypbl 3aMep3aHus U
MIPEIJIOKHIIN CIIOCOO MOBBIIIEHUS] TOYHOCTH U3MEpe-
HUH B KPHOCKOITMYECKOM OCMOMETPE.

J1J1s N3rOTOBIIEHUS KPHOCKOITMYECKOTO OCMOMETPa
HCIIOJIB30BAJIU ITOYTIPOBOHUKOBYIO OXJIAXKIAFOIITY IO
cuctemy ot ocmomerpa OMKA 111-01 (“Menmabop-
TexHuka”, Ykpauna). Kppockonnueckas srueiika Obuia
M3roToBJIeHa U3 Moo ieHoBoro crekia C52-1 (TOCT
6709-72), kanuOpoBKa mpubopa Mpou3BeaCHA IO
pacTBOpaM XJIOPHUCTOTO HATpUs Mapku "4. 1.a" B
JIMCTUIIMPOBAHHOM BOJIE.

Crartuctryeckast 00padOTKa ITOTyYEeHHBIX TAHHBIX
OCYIIECTBIISUIACH C HCTIOJIh30BaHUEM MPHIIOKEeHNS MS
Excel makera nporpamm MS Office 2003.
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rate of heat removal from a sample, thereby decreasing
the time of its crystallization (site CD).

In this work we analyzed in which way the length
of'site CD affects the accuracy of freezing temperatu-
re measuring and proposed the method of increasing the
accuracy of measurements in cryoscopic osmometer.

To make the cryoscopic osmometer there was used
semi-conductor cooling system of the OMKA 1C-01
osmometer (Medlabortekhnika, Ukraine). Cryoscopic
cell was made of molybdenum glass C52-1 (All-Union
State Standards GOST 6709-72), the device was
calibrated on the solutions of sodium chloride of "pure
for analysis" grade in distilled water.

The findings were statistically processed using the
MS Office 2003 Excel software.

Results and discussion

Taking into account the fact that the sample tempe-
rature in cryoscopic cell in the moment of the appearing
of crystallization in liquid increases too sharply, the
change in temperature of thermosensitive gauge (ter-
mistor) on the site CD of thermogram may be presen-
ted as the establishing of heat balance between body
rapidly transferred from thermostat with 7' tempera-
ture into the one with T, temperature (Fig. 2). Let's
believe that heat capacity of the second thermostat is
so high that its temperature is not changed when
introducing the body studied and heat conductivity of
the body itself is much higher than the heat conductivity
on its boundary with thermostat. To change the tempe-
rature of the body with heat capacity C by the value
dT it is necessary to apply the amount of heat to it:

dQ = CdT. (1)

The heat taken by thermostat within the time dt is
described by the expression:

dQ = -NT, - T, 2)

where A is heat conductivity on the boundary between
body and thermostat; 7" and T, are temperatures of
body and thermostat, correspondingly.

Heat dQ in (1) equals dQ in (2) therefore the right
parts of these equations may be set equal:

CdT = —I(T, - T)dt. 3)

When integrating the expression (3) we will obtain
the change of body temperature with time:
By

T=(,-T)e ¢ +T,, 4

where T and T, are temperatures of body and ther-
mostat in initial moment of time; ¢ is time of body stay
in thermostat.
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Pe3yAbTatbl M 00Cy)KAeHME

[IpuanMas Bo BHMMaHuE TOT (DaKT, 4TO TeMIepa-
Typa o0pasia B KpUOCKOIINYECKOW SYeiiKe B MOMEHT
BO3HUKHOBEHHMSI KPUCTAIIN3ALNUN KUIKOCTH MOBBI-
mIaeTcsl OYeHb PE3K0, U3MEHEHUE TEMIEepaTyphl
TEPMOUYBCTBUTEIBHOIO JaTYMKa (TEpMHUCTOpa) Ha
yuactke CD Tepmorpammsl (puc. 2) MOXKET OBITbh
MIPEJICTABIEHO KaK YCTAaHOBJIEHUE TEINIOBOIO PABHO-
BECHSI MEX[Ly TeJIOM, ObICTPO EPEHECEHHBIM U3 TEp-
MOCTaTa ¢ TEMIEpaTypoi 1, B TEPMOCTAT € TEMIIEpa-
Typoi 7). bynem mojararb, 4To TEIIOEMKOCTh BTO-
pOro TepMocTara HacTOJIbKO BEJIMKa, YTO €ro TeMIle-
patypa He U3MEHSETCsI [IPU BHECEHUH UCCIIEAyEMOT0
Tela, a TEIUIONPOBOAHOCTh CAMOT0O TEJa HAMHOTO
BBIILIE TEIUIONPOBOAHOCTH HA €r0 TPAHUIIE C TEPMOCTa-
ToM. UTOOBI M3MEHUTH TEMIEPATypy Teja, UMEro-
miero terioeMkocTs C, Ha BeMUuHY d1 HeoOX0auMO
nepenarb eMy KOJIMYECTBO TeIlIa:

dQ = CdT. (1)

Teruto, orbupaeMoe TepMOCTAaTOM B TEUEHUE Bpe-
MEHHU d{, OTINCHIBACTCS BBIPAKCHUEM:

dQ = -NT, - T, )

e A — TeIIONPOBOJHOCTD Ha TPAHHIIE MEKTY TEIIOM
1 TepMocTaToM; T'u T, — Temneparypa Tela i TEpMO-
cTaTra COOTBETCTBEHHO.

Teruto dQ B (1) paBHo dQ B (2), m03TOMY IIpaBbIe
YacTH IaHHBIX BEIPQKEHUH MOKHO TPUPABHSATH:

CdT =—I(T, - T)dt. 3)

[IpounTterpupoBaB BelpaxkeHue (3), MOIydIUM
VM3MEHEHHUE TeMIIepaTyphl Tela OT BPEMEHH:
AlD

T=(T,-T)e € +T,, 4)

rne T, u T,— Temmeparypsl Tejaa U TEPMOCTATa B
HayaJIbHBI MOMEHT BPEMEHH; ¢ — BpeMsl IPeObIBaHUSI
Tejga B TEpMOCTaTe.

Ha puc. 2, a npeacrasnena 3aBUcUMOCTb (4) Kak
MO/I€]Tb YCTaHOBJIEHHSI TEIIIOBOTO PaBHOBECHS MEKIY
U3MEpUTENEM TEeMIEpaTypbl B KPHOCKOMHYECKOU

Puc. 2. BpeMeHHas 3aBUCUMOCTh TeMIIEpaTyphl: A — Tena,
TIEPEHECEHHOT0 M3 TEPMOCTATa C TEMIIEPATY PO T, B TEpMO-
ctaT ¢ Temneparypoit 7,; B — obpasima B siueiike KpHOCKO-
TIMYECKOTO OCMOMETPA; I’ — TeMIeparypa KpUCTAITN3AIIH
o0pasia (KpHoCKOIHYEeCKas TeMIIeparypa).

Fig. 2. Time dependence of temperature: A — body trans-
ferred from thermostat with temperature 7', into thermostat
with temperature 7); B — sample in well of cryoscopic
osmometer; 7 —temperature of crystallization (cryoscopic
temperature).
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Fig. 2a shows the dependence (4) as the model of
setting the heat balance between the temperature
measuring device in cryoscopic cell and the studied
solution. Fig. 2b demonstrates the fragment of crystal-
lization thermogram (site CD), the point of the start of
solution crystallization (point C) is assumed for zero
on the time scale, which in the model experiment
corresponds to the moment of body transfer from
thermostat 7' into thermostat 7. It is obvious that the
error of temperature measurement in cell, A7 (marked
with arrows in Fig. 2a) depends on crystallization time
of'the solution (site CD length). The elongation of site
CD to CD' results in the decrease of measurement
error down to AT,

Let's consider how the heat exchange process of
cryoscopic cell with coolant affects the crystallization
time of the sample (the length of site CD).

Let’s emphasize that the sample is at cryoscopic
temperature 7, since at the crystallization moment
the sample temperature reaches the value of cryoscopic
temperature 7, (Fig. 2b), which does not change within
the sample crystallization time.

The heat dQ released at crystallization of the mass
element of the sample dm with crystallization heat
(melting) L, is described by the expression:

dQ =L im. (5)
The heat is withdrawn from the sample due to the

difference of temperatures between the sample (7))
and coolant (7)):

—

TemnepaTypa
Temperature

_|
3)
[ o
0

o
=3

Y

Time

Bpewms
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sA4eiiKe U uccieayeMbiM pactBopoM. Ha puc. 2, 6 u3o-
OpaxkeH (hparMeHT TepMOTPaMMBI KPUCTAJUIH3AIIUU
(yuactok CD), 3a Hynb Ha LIKaJie BpEMEHH NPUHSTA
TOYKa Hadaja KpUCTaJM3auuu pactBopa (touka C),
KOTOpasi B MOJICIIbHOM JKCIIEPUMEHTE COOTBETCTBYET
MOMEHTY NEPEHECEHH TeNa u3 Tepmocrara 7' B Tep-
moctar T,. BUHO, 4TO OT BpPEMEHHU KPUCTAIIIU3ALMH
pacTBopa (mpoTsikeHHOCTH ydacTka CD) 3aBuUCHUT
MIOTPEITHOCTh M3MEpPEHUs TeMIepaTypsl B stueiike AT
(oTMeueHa cTpenkaMu Ha puc. 2, a). YBeIudeHue
npoTskeHHOCTH yuyacTkoB CD no CD' mpuBoauT K
CHIDKEHHIO TIOTPELIHOCTH n3Mepenust 10 A7 .

PaccmoTrpum, kakuM 00pa3oM Mporiecc TerIo00-
MEHAa KPUOCKONMYECKOH SYEUKHU C OXJIaJUTEIEM
BIMSIET Ha BpeMs KpUCTaIM3aluu odpasna (mpotsi-
XKEeHHOCTh yyactka CD).

[Tpumem Bo BHIMaHNE, YTO 0Opa3er HaXoIUTCs pu
KPHOCKOTINYECKOH Temreparype 7, MOCKOJIbKY B
MOMEHT KpUCTaJUIM3aluK TeMIeparypa odpasua goc-
THUTAET 3HAYEHUS KPHOCKOMMYECKOU Temmeparypol T
(puc. 2, 0), KoTOpasi HE U3MEHSETCS B TEUCHHE BpeMe-
HU KPHCTAJLTU3AIIH 00pasia.

Teruto dQ, BbaenuBIIeeCS NPU KPUCTATITU3ALMN
3JIeMEeHTa Macchl o0pasua dm ¢ TemI0TOH KpHcTal-
nu3anuy (TIaBJIeHns) L, OMHuChIBaeTCs BHIPAKEHUEM

dO = L Tim. (5)

Ternno orBoauTCs OT 0Opa3ma 3a CUeT PasHOCTH
Temreparyp Mexay obpasuom (7)) v oxyiaauTenem

(T):
dQ =-A(T.— T )dr, (6)

T1€ A, — HHTErpaibHas TEMIONPOBOIHOCTh Ha TPAHMIIE
oOpaser/oxyiaauTenb; T—BpeMs BBIICICHHS CKPBITON
TETIOTHI KPUCTAJUTA3AIIHH.

ITockonbky Termio dQ B JEBOM YacTH BBIPAKCHHIMA
(5) u (6) umeet oMHAKOBOE 3HAYEHUE, TO, IPUPABHSIB
IpaBble YacTH, MOJYyYUM ypaBHEHHE TEIJIOBOTrO Oa-
JIaHca It 00pasia, IorpyKEHHOTO B OXJIaauTensb [1]:

L Cm = -A(T.~ T )dt (7)

[IpounTerprpoBas BeipaskeHue (7), OIyIrM BpeMs
KpUCTAJUTH3AIH 00pa3iia Maccou m:

Ll

"TAC T

®)

JlaHHOE BBIpaskeHUE C HEKOTOPBIM MTPUOIIKEHUEM
(He yuTeHBI TEINIOEMKOCTH 00pa3la H sUYeiKu) Omnu-
CBIBAET 3aBUCUMOCTH JTUHBI yyactka CD Ha Tepmo-
rpamMme OT Tero(QU3NIeCKrX MapaMeTpoB mpudopa.
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dQ = -A(T - T )dr, (6)

where A, is integral heat conductivity on the sample/
coolant boundary; T is release time of hidden heat of
crystallization.

Since the heat dQ in the left part of the expressions
(5) and (6) has an equal values, then when setting equal
the right parts we will derive the equation of heat
balance for the sample plunged into coolant [1]:

L Qdm = -A(T ~ T )dt (7

When integrating the expression (7) we obtain the
crystallization time of the sample with mass m:

A
"TAC, -T) ®

This expression with some approximation (heat
capacity of the sample and cells are not taken into
account) describes the dependence of the length of
site CD in thermogram vs. heat physical parameters
of the device.

Crystallization time of the sample increases with
the rise of its mass m, reduction of integral heat con-
ductivity A, and difference of temperatures between
the sample and coolant (7, — T). However, when
designing the device there are certain restrictions in
varying these parameters. When studying biological
liquids as a rule the investigator has a small amount of
material, which limits possible rise of the sample mass.
The reduction of temperature difference (7, —T), i. e.
decrease of the sample supercooling, leads to the
reduced probability of crystallization of fluids, requiring
deeper supercooling.

So, an actual way for increasing the accuracy of
measurements due to the rise in the time of sample
crystallization (site CD) is the decrease of integral heat
conductivity A..

This idea was ¢33amyB by us when designing the
cell of cryoscopic osmometer. To reduce the heat
exchange of the sample with coolant there was created
an air gap between them.

After calibration the device was tested in the
standard calibrating NaCl solutions with the known
values of freezing temperature.

The procedure of the device calibration consisted
of two stages: at the first one the temperature depen-
dence of termistor resistance was recorded, with
temperature regulating by means of thermostated
coolant of osmometer; at the second stage there was
examined the relationship between freezing tempe-
rature (osmolalty) of calibrating solutions and termistor
resistance.
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Bpewms kpucrammmzanuu o0pasia Bo3pactaeT npu
YBEJIIMYCHHUH €TI0 MACChI 711, CHUKCHUH UHTETPaTbHON
TEMIONPOBOJAHOCTU A, U PA3HOCTH TEMIIEPATYP MEAKTY
obpasuom u oxnagurenem (7 — T). Ognako npu
KOHCTPYHPOBAaHUH MPHOOPA CYIIECTBYIOT OIpeIeeH-
HbIC OIPaHMYCHHSI B BADbUPOBAHUH JaHHBIX ITapaMeET-
poB. [Ipu uccrenoBanny ONOIOTHUECKIX KUIKOCTEH,
KaK MPaBHIIO, MCCIENOBATENh PACcIIoiaraeT MaybIM
KOJIMYECTBOM MaTepralia, 3T0 OTPaHUINBACT BO3MOXK-
HOCTh YBEIWYCHHsI MAcChl 00pa3ia. YMEHbIICHHE
pasnoctu Temneparyp (7, — T)), T. €. yMEHbIIEHUE
MIePEOXJIAKICHUS 00pasIia, TPUBOIUT K CHUIKSHUIO Be-
POSTHOCTH KPHCTAJLTU3AINH KUIKOCTEH, TPEOYFOIINX
Ooree rTyOOKOT0 epeoXIaXkKACHUS.

CrnenoBaTenbHO, peabHBIM ITyTEM IOBBIIICHHS
TOYHOCTU M3MEPEHUH 3a CYET yBEIUYCHUS BPEMEHU
KkpucTaum3anuu oopasma (ygactoxk CD) sBusercs
CHIDKEHHE HHTETPaibHOM TEMIONPOBOIHOCTH A .

JlaHHYIO HJICFO MBI HCIIOB30BAIM IPU KOHCTPYH-
POBaHHH STYEHKU KPUOCKOITUYIECKOTr0o ocMomeTpa. Jlist
YMEHBIIIEHHUS TEIUI000MeHa o0pasiia ¢ OXJIaJnuTeNeM
OBLI CO3/IaH BO3AYIIHBIN 3230 MEXKITy HUMH.

[Mocne kanuOpoBKH MPUOOP TECTUPOBAIIH 110 CTAH-
JApTHBIM KarnOpoBouHbIM pacTBopam NaCl ¢ u3sect-
HBIMH 3HAQYCHUSIMH TEMIIePaTyphbl 3aMep3aHUsl.

[porenypa kaTMOPOBKH MPUOOPa COCTOSIIA U3 ABYX
ATAroB: Ha IEPBOM — CHUMAJTU TEMIIEPATYPHYIO 3aBH-
CUMOCTh COIPOTHBIICHUS TEPMUCTOPA, PETYIHPYS
TEeMIepaTypy HpU MOMOIIM TEPMOCTATHPOBAHHOTO
OXJIQJITEIIS] OCMOMETPA; Ha BTOPOM — YCTaHABJIHBAIH
COOTBETCTBHE MEXKJY TEMIIEpaTypoil 3amep3aHus
(0CMOTISTBHOCTHIO ) KATHOPOBOYHBIX PACTBOPOB U CO-
MIPOTHBIICHUEM TEPMHUCTOPA.

BunHo, 4yTo TemnepaTypHasi 3aBUCUMOCTh COIIPO-
THUBJICHHUS TEPMHUCTOpPA B JUAMA30HE TEMIIEPaTyp
—10...10°C gocTaTo4HO XOPOIIIO OITUCHIBACTCS JIMHEH-
HBIM 3aKOHOM (pHC. 3), OTKJIOHCHHE OT KOTOPOTO HE
npesbitiaet 0,5% OT CpeIHero 3HaueHUsI COMPOTHBIIC-
HUS B JaHHOM TeMIIepaTypHOM uHTepBaiie. Ha BTopom
9Tare BBIMOIHSUIN HEIMOCPEJICTBEHHO KAIMOPOBKY —
H3MEPSITH OCMOJISUTEHOCTh CTaHJIAPTHBIX KAITHOPOBOY-
HbIX pacTtBopoB NaCl. IlomydeHHble pe3yabTarsl
WCIIBITAaHUH TIPUOOpa BMECTE CO CTAaTHCTHIECKOH 00-
paboTKOH TpeacTaBIeHbl B Ta0M. 1.

[IpoBeneHHOE TeCcTHpPOBaHKE MPUOOPA TOKA3AIO,
YTO TIOHMKEHHE TEMIIePaTypPhl 3aMEP3aHUs C YBEITHYC-
HUEM KOHIICHTPAITUH COJIM UMEET JIMHEHHBIN XapakTep
BO BCEX JIMAIa30HaX U3MEPECHUN, CTAHJAPTHOE OTKIIO-
HEHHE 3HAYCHUS] OCMOJISIBHOCTH OT CPEIHEro 3Haue-
HHs cocTaBisuio He 6oiee 1,15 MOcM.

Comnocrapiisisi TEXHUYECKHUE XapaKTePUCTUKH TTPH-
0opa ¢ XapakTepUCTHUKAMHU MPUOOPOB MOJOOHOTO
Kimacca (Tadi. 2) (cM. KpHOCKOTTMIECKHUE OCMOMETPHI
dbupm “Advanced Instruments”, “Precision Systems”
(CIIIA), “Gonotec”, “Labtek Services” (I'epmanus),

np06ne|v|b|
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Puc. 3. ConpoTHBIIeHHE TEPMUCTOPA KPHOCKOIIUYECKOTO OC-
MOMETpa B TECTOBOM TepMmocTare: A — oxnaxaenue; O —
HarpeBaHue.

Fig. 3. Resistance of termistor of cryoscopic osmometer in
test thermostat: A — cooling; O — heating.

It is seen that temperature dependence of termistor
resistance within the temperature range of —10...10°C
is quite well described with linear law (Fig. 3), the
deviation from which does not exceed 0.5% from mean
resistance within this temperature range. The second
stage comprised the direct calibration: there was mea-
sured the osmolality of the standard calibration NaCl
solutions. The findings of the device trials together with
statistical processing are presented in Table 1.

The device testing has shown that the lowering of
freezing temperature with the rise in salt concentration
is of linear character within all the ranges of measu-
rements. Standard error of osmolality value vs. the
mean made not more than 1.15 mOsm.

When comparing technical parameters of the devi-
ce with those of similar class (Table 2) (see cryoscopic
osmometers of the companies Advanced Instruments,
Precision Systems, USA; Gonotec, Labtek Services,
Germany; Arkray, Japan etc.) one can conclude that
it is highly competitive to analogues.

The facilities of the device were assessed on the
results of temperature measurements for aqueous
solutions of CPAs prepared with physiological solution
within the range of low concentrations (Fig. 4).

The figure shows that within the range of low
concentrations of aqueous solution the device accuracy
enables the reliable recording of linear dependence of
freezing temperature of the examined solutions vs.
CPAs concentration. This dependence is characteristic
for the solutions with low concentrations of the dis-
solved substance, approaching by their properties the
ideal ones [6].
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Taonmua 1. 3Ha4eHus 0CMOJSUTLHOCTH CTaHIAPTHBIX KaTuOpoBOoUHBIX pacTBopoB NaCl,
HU3MEPEHHBIE OCMOMETPOM C YIyUIIEHHON KPUOCKOIMUYECKON sSTUeKon

Table 1. Values of osmolality of standard calibration NaCl solutions,
measured by means of osmometer with improved cryoscopic well

OCMOASIABHOCTB
CTaHAAPTHOTO OCMOMALHQCTL pactBopa (n3mepennas) MOcM
pacTBopa Osmolalityof solution (measured),mOsm c CraHpapTHOE
(o>kmpaemast), pearee Mepauana OTKAOHEHUe
3HaUYeHUe .
MOcMm Mean value Median Standard
Osmolality of deviation
standard solution 1 2 3 4
(expected) mOsm
100 101 101 99 100 100,25 100,5 0,96
200 200 200 201 200 200,25 200 0,5
276 277 275 277 275 276 276 1,15
300 301 300 300 300 300,25 300 0,5
323 320 322 322 320 321 321 1,15
400 400 401 400 399 400 400 0,82
500 501 500 500 499 500 500 0,82
1000 1008 1007 1008 1006 1007,25 1007,5 0,96
1500 1504 1503 1505 1504 1504 1504 0,82
2000 2002 2000 2000 2001 2000,75 2000,5 0,96
2500 2500 2502 2502 2500 2501 2501 1,15
3000 3002 3004 3002 3004 3003 3003 1,15
“Apkpeit” (SmoHust) ¥ 1p.), MOKHO CHENATh BBIBO/I, -0,53

YTO OH HE yCTyMHaeT 3apyOeKHBIM aHaJOTaM.

BosmokHocTr mpubopa orieHnBau M0 pe3ysbTa-
TaM M3MEpPEHUs] TeMIIEpaTyphl 3aMep3aHus BOTHBIX
pPacTBOPOB KPUOMPOTEKTOPOB, NIPUTOTOBICHHBIX Ha
(DM3HONIOrMYEeCKOM pacTBOpPE B JMANa3oHE HU3KUX
KOHIIeHTparui (puc. 4).

U3 rpaduka BUIHO, YTO B AMANA30HE HUZKUX
KOHLIEHTPALM BOJHBIX PACTBOPOB TOYHOCTH IpHOOpa
MTO3BOJIAET HAJISKHO PETUCTPUPOBATH JTMHEWHYIO 3a-
BHCHMOCTH TEMIIEPATYPHI 3aMEeP3aHUs NCCIIETyEMbIX
PacTBOPOB OT KOHLEHTPALMK KPHOIIPOTEKTOPOB. Takast
3aBUCUMOCTb XapaKTepHa Ul PACTBOPOB C HU3KUMHU
KOHIIEHTPAIUSIMH PAaCTBOPEHHOTO BEIIECTBA, IPUOIH-
JKAFOIIMMCS TI0 CBOMM CBOWCTBaM K HI€abHBIM [6].

Taxkum oOpazom, TpuOOP MOKET OBITH UCTIONIB30-
BaH Ul U3MEPEHHUS TEMIIepaTyphl 3aMep3aHusl KPHO-
OMOJIOTUYECKHX JKUIIKOCTEH 1 IPYTUX BOJHBIX CUCTEM,
TPEOYIOMUX TITYyOOKOTO TIEPEOXIIaKICHIS IS BO3HUK-
HOBEHUS B HUX KPUCTAJUIN3ALUH BOJHOTO KOMIIOHEHTA.

BbiBOADI
IIpoBenen TeopeTHyecKuil aHaIM3 OCHOBHBIX HC-
TOYHHUKOB HOFpCH.IHOCTCfI KpI/IOCKOHI/I‘{eCKOFO OCMO-

npobnemobl

*) Kpmobuonorumn
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-0,58
-0,59
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TemnepaTtypa 3amep3aHus, °C
Freezing temperature, °C

,63
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40

KoHueHTpauus kpuonpoTtekTtopa, %
Cryoprotectant concentration, %

Puc. 4. Temnepatypa 3aMmep3aHusi pacCTBOPOB KPHOMIPOTEK-
TOpoB, comepxkamux 0,9% NaCl: Ml — rmunepun; O — 1,2-
nponananoi; A — JIMCO.

Fig. 4. Freezing temperature of solutions of CPAs con-
taining 0.9% NaCl: M- glycerol; O — 1,2-propane diol; A —
DMSO.
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Tadauna 2. XapaKkTepucTHKU KPUOCKOMYECKOr0 OCMOMETpa JUISl UCCIISI0BAHUS KPHOOMOIOTHUECKHIX KUIKOCTEH
Table 2. Parameters of cryoscopic osmometer to be used in cryobiological fluids

XapakTepucTHKa
Parameters

PaszpaboranHbii mpubop
Designed device

Osmomat 010 (Gonotec)

Advanced Model 3250 Single-
Sample Osmometer (Advanced
Instruments Inc.)

O0BeM 00pasna, MKA
Sample volume, pl

50— 120

50

200 — 250

Bpems usmepenust, MuH
Measurement time, min

KoanuecTtBo 0Opasnos
3@ OAHO M3MepeHne
Number of samples per one
measuring

Paspemenne, MOcM/Kr
Resolution, mOsm/kg

Bocnpou3BoAMMOCTh
Reproducibility

CranpapTHOe oTKAOHeHUe <0,5% oT
KaAnOpPOBOYHOTO 3HAYEHUS
Standart deviation < 0.5% from
calibration value

CranpapTHoe oTkAOHeHUe <0,5% oT
KaArnOpPOBOYHOTO 3HAYEHUS
Standart deviation < 0.5% from
calibration value

CranpapTHOe oTKAOHeHue <0,5% oT
KarnOpOBOYHOIO 3HAYEHUS
Standart deviation < 0.5% from
calibration value

Ot 0 po 475 MOcM/Kr: =2 MOCM/KT;
475— 3000 MOcm/kr: =0,5% oT
NPSIMOY AUHUU
From 0 to 475 mOsm/kg:
=2 mOsm/kg;

475— 3000 mOsm/kg: *0,5% from
linear dependence

AUHENHOCTh
Linearity

Ot 0 po 400 MOcm/kr: =2 MOCM/KT;
400 — 4000 MmOcMm/kr: =0,5% oT
IPSIMOUN AMHUU

- From 0 to 400 mOsm/kg:
+=2 mOsm/Kkg;
400 — 4000 mOsm/kg: #0,5% from
linear dependence

ApanaszoH u3MepeHuy,
MOCM/KT

Range of measurements,
mOsm/kg

0— 3000

- 0—4000

Apetid, MOcM/Kr BMecs1]
Drift, mOsm/kg per month

<1 MOcm/kr H,O Ha kaxppie 5°C
OKpPY’KaIOL[eN CPeABI
<1 mOsm/kg H,0O per each 5°C
of environment temperature

TemnepaTypHble 3 HEKTHI
Temperature effect

<1 MOcm/kr H,O Ha kaxppie 5°C
OKpYJKaIOIel CPEABL
<1 mOsm/kg H,O per each 5°C
of environment temperature

MeTpa, pazpaboTaHa 1 H3rOTOBJIEHA KPHOCKOITHYECKast
sYeiiKa JUIsi PEeTUCTPAIK TEMIIepaTyphl 3aMep3aHus
1 OCMOJISUTBHOCTH B KPHOOHOJIOTHYECKUX KU IKOCTSIX,
XapaKTEePU3YIOLIMXCS MTOBBILIEHHOH CIIOCOOHOCTHIO K
nepeoxyaxaeHuro. I1oBbIena TOYHOCTs U3MEPEHNUS
OCMOJISUTBHOCTH 1 TEMIIEPATYPBI 3aMeP3aHus KHUIKOC-
TEH ¢ HU3KOM KOHLIEHTpaIell 0CMOTHYECKN aKTUBHBIX
BEILIECTB.
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Thus the device may be successfully used to
measure freezing temperature of cryobiological fluids
and other aqueous systems, requiring a deep super-
cooling for appearance of crystallization of aqueous
component in them.

Conclusions

The main sources of errors of cryoscopic osmo-
meter were theoretically analyzed, there was designed
and made a crysocopic cell to record freezing tempera-
ture and osmolality in cryobiological fluids with an
increased ability to supercooling. There was increased
the accuracy of measurements for osmolality and
freezing temperature of liquids with low concentration
of osmotically active substances.
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