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CucreMaTU3MpPOBaHbI JINTEpaTypHbIC JaHHBIC 10 AUGGY3UH U TEIUIOBOMY PACUIMPEHHIO BOJbI, YACTHIX KPUOIPOTEKTOPOB, UX
BOJHBIX PacTBOPOB U cMeceil. [IocTpoeHb! SMIUprUYecKre HOINHOMUAIBHBIC ypaBHEHHS I pacyeta Ko3hGuunueHToB tudpdys3un u
TEIUIOBOI'O PACLIMPEHHs BOABI M YHCTHIX KPUOIPOTEKTOPOB B 3aBUCHUMOCTU OT TemIeparypsl. [l BOJHBIX PacTBOPOB U cMecel
HEKOTOPBIX KPUOIPOTEKTOPOB MOJYyYEHbl IMIUPUYECKHE MOJIMHOMUAJIbHBIE YPAaBHEHUS B 3aBUCUMOCTU OT TEMIIEpATyphbl NpHU
(MKCUPOBaHHBIX KOHIIGHTPALUSIX HJIH OT KOHLIIEHTPALUHU P (PUKCHPOBAHHBIX TEMIIEPATypax

Knioueswie cnosa: kpuonpoTekTopsl, 11 Qy3usi, TEMIOBOE PACIIUPEHUE, SIMIIUPUICSCKUE TOJTHHOMUABHBIC YPAaBHEHHS.

CuHcTeMaTH30BaHO JITepaTypHi JaHi o Audy3ii i TeIIOBOMY PO3IINPEHHIO BOJIU, YUCTUX KPIOMPOTEKTOPIB, IX BOJHUX PO3UHHIB
i cyminreit. [ToGynoBaHo eMipuyHi OJMiHOMIabHI PIBHSHHS U1 pO3paxyHKy Koe(diieHTiB Anudy3il i TEII0BOro po3LUIMPEeHHs BOIH i
YHCTUX KPIOMPOTEKTOPIB B 3aJIeKHOCTI Bill TeMrepaTypH. i BOAHUX PO3YHMHIB KPIOIPOTEKTOPIiB OTPUMAaHO eMITPHYHI OJIiHOMiaJIbHI
PIBHSIHHS B 3aJIS)KHOCTI Bijl TeMIlepaTypH npu GikCOBaHHUX KOHIICHTpALisIX ab0 BiJf KOHIEHTpALil Ipy (iKCOBaHUX TEMIIepaTypax.
Kniouosi cnosa: xpionporextopu, audys3is, TEIIIOBE PO3LIMPEHHS, eMITIPHYHI HONTIHOMIaJIbHI PiBHSIHHS.

The paper systematizes the reference data on diffusion and thermal expansion of water, pure cryoprotectants, their aqueous
solutions and mixtures. We obtained empirical polynomial equations for calculating the coefficients of diffusion and thermal expansion
of water and pure cryoprotectants in dependence of the temparature. Empirical polynomial equations were obtained for aqueous
solutions of cryoprotectants depending on the temperature and constant concentrations or depending on concentration and constant

temperature.

Key words: cryoprotectants, diffusion, thermal expansion, empirical polynomial equations.

Huddyszus — 310 nepeHoc BemecTsa U3 0JHOH 00-
JIaCTHU B APYTYIO B Mpejieniax oJHOH (a3bl IpH OTCYT-
CTBHH IlepeMelnBans. Baxxnas pons nuddysun Be-
IIECTB B KPHOOHOJIOTHIECKUX MpoIeccax OObsICHSET-
Cs T€M, YTO OT €€ BEJIMYHMHBI B OTIPEIEIICHHON CTETICHH
3aBHCSIT CKOPOCTHh MPOXOXKJICHHS BEHIECTB 4Yepes
MeMOpaHy KJIETKH IPH HACHIIIICHUH €€ KPUOIIPOTEKTO-
POM ¥ BBIXOJ] BOJIBI M3 KJIETKH.

TeruoBoe pacmmpenne — U3MEHEHHE JTHHEHHBIX
pa3MepoB 1 GOpMBI TeIa IPH U3MEHEHUH €T0 TeMIIepa-
TYPBI, KOTOPOE CJIEAYET YUUTHIBATh IPH KPHOKOHCEP-
BHPOBAaHMH Ha dTANax OXJaXIEHHUs U HarpesBa OHoJI0-
rudeckux o0pasuos. Kpome Toro, Temnosoe pacrmupe-
HUE Ype3BbIYAiHO Ba)KHO B IMJIATOMETPHHU, KOTOPast
B ITOCTIETHEE BPEMSI BCE IIUPE MPUMEHSIETCS] B KPHO-
OHMOJIOTHYECKUX UCCIIEIOBAHUSX.

ens paboTel — 0000MIeHNE U CHUCTEMATH3AINS
JUTEPATYPHBIX JJaHHBIX HA OCHOBE IIOCTPOSHHUS AMITHU-
pudeckux GopMyn Ui pacdera 3HaueHHH kodhhu-
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Diffusion is the transfer of a substance from one
place to another within the same phase in the absence
of mixing. Important role of substances’ diffusion in
cryobiological processes is caused by the fact that its
contribution to some extent triggers the rate of substan-
ces penetration through the cell membrane during its
saturation with cryoprotectants and as well as the water
outflux from the cell.

Thermal expansion is the change in the linear di-
mensions and shape of a body resulted from changes
in its temperature, which should be considered during
cryopreservation at the stages of cooling and rewarming
of biological samples. Moreover, thermal expansion is
extremely important in the dilatometry, which has been
recently widely used in cryobiological studies.

The aim of this study is to summarize and sys-
tematize the reference data basing on the obtained em-
pirical formula to calculate the coefficients of diffusion
and thermal expansion of pure cryoprotectants, their
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IUEeHTOB TU( QY31 1 TETIOBOTO PaCHIMPEHNS YUCTHIX
KPHOIIPOTEKTOPOB, HX BOJJHBIX PACTBOPOB 1 CMECEH B
3aBHCUMOCTH OT MaCCOBOW KOHIIEHTPALUH KPUOIIPO-
TEKTOpa U TeMIIEPaTypHI.

Huddysuio ycaoBHO MOKHO pa3IenuTh Ha CaMo-
mud¢ysuto BemecTs, nudy3uto B pacTBopax u aud-
¢y3uro B pacTBOpax npu O€CKOHEUHOM pa30aBIeHUN
pactBopeHHoro BemectBa. Camoandysus —4acTHBII
ciy4vaii muy3rn B YNCTOM BEIIECTBE WIIH PACTBOPE
MOCTOSIHHOTO COCTaBa, MpU KOTOpoi audyHIupyroT
coOCTBeHHbIE YacTHIIbI BemecTBa. Juddy3us B pact-
BOpax — MPOoIecc B3aNMHOTO MPOHUKHOBEHUS MOJIEKYT
OJTHOTO BEIIECTBA MEXKTy MOJIEKYJIaMHU JPYTOTo, IPH-
BOJIIIHH K CAMOIIPOU3BOJILHOMY BBIPABHUBAHUIO UX
KOHLEHTpalMi 1o BceMy 3aHnMaeMoMy o0bemy. [Ipu
3TOM TMEPEHOC BELIECTBA MPOUCXOIUT U3 00JacCTH C
BBICOKOM KOHLEHTpamnuel B oonacts ¢ Hu3Koi. Cko-
poctb 1udy3nn 3aBUCUT OT TEMIIEPATYPbI, IPUPOABI
BEIIeCcTBA M PasHOCTH KoHUeHTpauui. Auddysus B
0eCKOHEUHO pa30aBICHHOM PACTBOPE O3HAYAET, YTO
KaXK/1asi MOJIEKyJia PacTBOPEHHOTO BelIeCTBa HaXo-
JITCSL B Cpefie MPAKTUIECKA YHCTOTO PACTBOPUTEIIS.

B Tabn. 1-8 npuBeneHs! ypaBHEHHS AJIs pacdera
kodppunneHToB nudQy3un HEKOTOPHIX BEIIECTB H UX
pPacTBOPOB B 3aBUCUMOCTH OT TEMIIEPaTyphl pH (HUK-
CHPOBAaHHOW KOHIIEHTPAIIMH WM OT KOHIIEHTPAIMH TIPH
(DUKCUPOBaHHON TeMIlepaType, a TakXKe HPUBEACHBI
ko3 durmenTs! camoandQys3uu psaa BEUIECTB U Kod3g-
¢urents! g dy3un OeCKOHEUHO pa30aBICHHBIX Be-
LIECTB B PSAE PACTBOPHUTEICH.

Uro KacaeTcst TEIUIOBOTO PACILIMPEHHS JKUAKOCTEN
[IPU TIOCTOSTHHOM JIaBJICHUH, TO KOJHYECTBEHHO OHO
XapaxkTepu3yeTcst n300apHBIM KO3 QHUINEHTOM pac-
mupeHus: (00bEMHBIM K03()(QHIIMEHTOM TEIIOBOTO
pacuIupeHys).

[MockonbKy B TOCTYITHON HAM JIUTEPAType JaHHBIX
1o 00BEMHBIM K03 QUITHEHTAM TEIUIOBOTO pacilupe-
HUSI KPUOIIPOTEKTOPOB HE OYE€Hb MHOT'O, MOYKHO TIpE/I-
JIOXKUTH YpaBHEHHE ISl UX MPUOIMKSHHOTO BBIYHC-

nenus [100]:
EE&%
B =~ - HD ,
@Tz -1 ﬁ
r7ie 3 — 00beMHbIH KO3 GHIMEHT TETJIOBOTO paciiupe-
HUs KUAKOCTH, 1/K; P, M P, — IIIOTHOCTB XKUIAKOCTH
npu Temneparypax I, u T, COOTBETCTBEHHO, KI/M>.
Bonee Tounble ypaBHeHHSs Aiis pacueTa kod3hdu-
LIUEHTOB TEIJIOBOTO PACIIMPEHUS Psia BEIECTB H X
PacTBOPOB B 3aBUCUMOCTH OT TEMIIEPATyphl HJIN KOH-
LEHTpaliy NpuBeneHsl B Tadbn. 9—11, a B Tabn. 12

MpeACTaBIeHbl 3HaYCHHSI KO3 PUIIUEHTOB TEIIOBOTO
pacirpeHus psaa KpHOIPOTEKTOPOB.
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aqueous solutions and mixtures as a function of the
mass concentration of cryoprotectant and tempera-
ture.

Diffusion can be provisionally divided into self-
diffusion of substances, diffusion in solutions and
diffusion in solution under infinite dilution of the solu-
te. Self-diffusion is a special case of diffusion in a pure
substance or a solution of constant composition, when
diffuse the own particles of the substance. Diffusion
in solution is a process of mutual penetration of mole-
cules of one substance between the molecules of ano-
ther one, leading to spontaneous equalization of con-
centrations of the substances in the occupied volume.
In this case, the mass transfer occurs from an area
with high concentration to an area with low one. The
diffusion rate depends on the temperature, the nature
of substance and the difference in concentrations. Dif-
fusion in an infinitely diluted solution means that each
molecule of the solute is in virtually pure solvent.

Tables 1-8 represent the equations for the calcu-
lation of the diffusion coefficients of several substances
and their solutions as a function of temperature at a
fixed concentration or function of concentration at a
fixed temperature, as well as self-diffusion coefficients
for some substances, and the diffusion coefficients of
infinitely diluted substances in several solvents.

Thermal expansion of the fluids at constant pres-
sure is quantitatively characterized by isobaric expan-
sion coefficient (the volumetric coefficient of thermal
expansion).

Since the available literature does not contain
enough data on the volumetric coefficients of thermal
expansion of cryoprotectants, it was proposed the
equation for their approximate calculation [100]:

8
HTZ -1 @
where 3 is volumetric coefficient of thermal expansion
of the fluid, 1/K; p, and p, are the densities of the
liquid at the temperatures of 7, and T, respectively,
kg/m?.

More exact equations to calculate the coefficients
of thermal expansion for some substances and their
solutions as a function of temperature and concentra-
tion are given in Table 9—11, and Table 12 shows the

values of the coefficients of thermal expansion for
several cryoprotectants.

The following abbreviations are used in the Tables:
BD — butane diol;

DMACc — dimethyl acetamide;

DMSO — dimethyl sulfoxide;
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B tabnuiax npuHSTHI CIECAYIOIINE YCIOBHBIE 0003-

Ha4YEHUsL:
B/l — 6yrananon;
JAMAI — nuMerunaneTaMm;
AMCO — aumeTuncynb)OoKCHLI;
IAM®A — numerundopmamun;
JIOT" — MUATUIICHIINKOJIb,
MAI — MeTHJIaneTaMuI;
M®A — metundopmamu;
[IBII — noauBUHWINUPPOINIOH;
ITJI — npomanauo;

DMFA — dimethyl formamide;
DEG —diethylene glycol;
MAc — methyl acetamide:
MFA — methyl formamide;
PVP — polyvinyl pyrrolydone;
PD — propane diol;

PEO — polyethylene oxide;
TEG — triethylene glycol;

FA — formamide;

CF — chloroform;

EG — ethylene glycol.

II3I" — mOMMATHUIICHTTTUKOb;
TOI” — TPUATHIICHTITUKOIE;
DA — dbopmamu;

X — xnopodopm;

OI — 3TUJICHIJIMKOIIb.

Tabauna 1. YpaBHenus i pacuera ko3 purmeHToB camoauddhy3nu BoAbl M YUCTHIX KPHOIPOTEKTOPOB B 3aBUCHMOCTH
OT TeMIIEPaTyphl; AUCIIEPCUH ANIIPOKCUMAIIIH U AUAMIA30HBI TEMIIEpaTyp NPUMEHEHHs ypaBHECHHUH

Table 1. Equations to calculate the coefficinets of self-diffusion of water and pure cryoprotectants depending on the
temperature, approximation dispersion and temperature ranges of equations applicability

Ananazon
BemecTBO VYpasuenue (D, x10~° cm?/c) R2 Temnepatyp,’C Hcrounuk
Substance Equation (D, x107° cm?/s) Temperature References
range, °C
Bopa _ 42 _ [4,15,23,54,
Water D = 3,838x10~“t* + 0,038t + 1,069 0,9996 30...175 57.86,103]
I\I\;[L:]é D = 1,096x10~“? + 9,54x10~*t + 0,362 0,9991 30...180 [84]
Meraron D = 3,738x10~t2 + 0,02236t+ 1,502 0,993 5..55 [64,100,105]
Methanol
STaHoA D = 3,336x10~* + 0,009t + 0,6745 0,9956 25..75 [5,15,19,103]
Ethanol
= D = —52665%10-5 + 0,0404t + 0,18494 0,9972 20...70 [19,24]
Taonmua 2. KosdduineHTsr camomudPpy3uu psiaa BEIICCTB
Table 2. Self-diffusion coefficients of several substances
OGBeKT Temmneparypa,’C D, x107° cm%/c WcTounuk
Substance Temperature,”C D, x107° cm?/s References
AekcTposa
Dextrose 20 0.66 (78]
AMCO
BMSO 25 0,76 [76]
AM®A
SMEA 25 1,61 [76]
Kcunosa
Xylose 20 0,74 [78]
MOA
MEA 25 085 [76]
®Denon
Pram 25 078 [76]
OpUTPUTOA 20 0.81 [78]
Erythrol '
npo6nembl 435 problems
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Taonuua 3. YpaBHeHus 171 pacueTta KodQGuiueHToB quddy3uu psjia BOIHBIX PACTBOPOB KPHOIPOTEKTOPOB
B 3aBUCHMOCTH OT KOHIICHTPAIMHU PU (PUKCUPOBAHHBIX TEMIIEPATYpaXx; JUCIEPCHH AlIPOKCHMAI[HI
Y INATIa30HbI KOHIIEHTPAIUI IPUMEHEHHS YPABHEHU N
Table 3. Equations to calculate the diffusion coefficients for aqueous solutions of several cryoprotectants
as a function of concentration (C) and under constant temperatures, approximation dispersion
and concentration ranges of equations applicability

Auamnazon
BemecrBo Temneparypa,”C VYpasuenue (D, x10~° cm*/c) R? KOH&;?;FP;HHH' Hcrounuk
Substance Temperature,”C Equation (D, x107° cm?/s) Concenﬁagion References
range,% w/w
20 D = 0,0267C? — 0,068C + 0,8293 1,0 0,25+1 [82]
AnraHuH
Alanine
25 D = 3,756x10-C? — 0,0186 C + 0,9156 0,9917 0+17 [46,73,109]
Aneramup 25 D = 6,693x107°C2 — 1,469x10~2C + 1,2408 0,9962 0+65 [19]
Acetamide
20 D = 2,267x10-°C2 — 0,054C + 0,7333 1,0 0,25+1 [82]
Baaun
Valine
25 D = 4,825x107C2 — 0,0552C + 0,8026 0,9269 06 [47,52,109]
10 D = 1,866x10-°C? — 5257x10~2C + 0,7111 0,9773 0+16 [14]
18 D = 9,252x10~C2 — 4,614x10~2C + 1,4156 1,0 7+30 [26]
T'aunepun
Glycerol
25 D = 7,973x105C? — 1,638x10-2C + 0,9408 0,9971 080 [2,97]
37 D = 1,65%10-5C? — 9,017x10~3C + 0,7088 0,9983 0+90 (1]
1 D = 5511x10~C2 — 1,515x10~C + 0,5195 0,9989 0,25+4,5 [19]
Cannus 20 D = 2,355x102C? — 5967x10~2C + 0,9591 1,0 0,33+1 [82]
Glycine
25 D = 1,506x10-%C? — 3,023x10~C + 1,0634 0,9842 06,7 “91'331'52'
18 D = —4,778x107C? — 4,781x107°C + 0,5714 0,9975 0+18 [26]
25 D = 2,455x10-5C? — 1,033x10~2C + 0,676 0,9996 080 [19,58,73,92]
Talox03a 30 D = — 0,015C + 0,7666 0,9657 0,03+1,8 [92]
Glucose
35 D = 1,728x10-5C? — 1,174x10-2C + 0,8537 0,9998 080 [19,58,92]
39 D = —0,0286C + 0,975 0,9826 0,03+1,8 [92]
Aexcrpan-10 2 D = — 1,583x10-5C® + 1,935x10-°C? —0,0806C + 1,264 1,0 0+50 132]
Dextran-10
Aexcrpan-40 22 D = — 1,641x10-3C? + 0,011C + 1,1014 0,9952 16+28 [31]
Dextran-40
Aexcrpan-70 2 D = — 1,458x10-“C® + 5898x10-3C? — 0,081C + 0,481 1,0 0+20 132]
Dextran-70
e 25 D = 4,731x10-5C% — 6,639x10~‘C? — 0,0233C + 0,4147 09824 30+100 1571
AMOA — —ac2 - [65]
OMEA 25 D = 1,496x10~C2 — 0,0154C + 0,5846 0,9925 45+100
Kemosa 25 D = — 1,835x10-C2 — 4,981x10-°C + 0,746 0,9995 1,46,7 (98]
ylose
25 D = 4,813x10-%C? — 0,0246C + 0,5689 0,9999 03,5
/iaKT‘”a 30 D = 8,78x107°C? — 0,0424C + 0,645 0,9985 0+3,5 [92]
actose
35 D = 1,1508x10-C2 — 0,0535C + 0,7262 0,9922 03,5
IIponomkenue Ha cienyolei cTpaHuLe.
Continued in the next page.
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IIponoskenue TadaunbI 3

Table 3 (continued)
Apanazon
BermectBo Temneparypa,”C VYpasuenwue (D, x107° cm?/c) R? KOHﬁaesgp;HHH’ VcTouHmK
Substance Temperature,”C Equation (D, x10~° cm?¥/s) Concent.ra:ion References
range,% w/w
39 D = 1,1204x10-2C? — 0,0533C + 0,7919 0,9962 0+3,5
/ia”“a 45 D = 5229x10-3C? — 0,0407C + 0,8628 0,9996 0:3,5 [92]
actose
55 D = 1,208x10-2C? — 0,0575C + 1,0639 0,9827 0+3,5
Maxerosa 25 D = —9,852x10-C? — 8,318x10-3C + 0,52 0,9996 0+8,7 [98]
Maltose
D = 4,947x10-5C* — 8,736x10-°C3 + 7,091x10~'C? — "
5 —~ 0,252C + 0,8808 09995 0100 [105]
15 D = 9,617x10-7C? + 1,528x10~'C? — 0,0196C + 1,2748 0,9963 0+100 [19,64]
MeraHoA
Methanol
20 D = 1,0465x10-3C2 — 0,0422C + 1,7291 1,0 2413 [26]
25 D = 8192x10-7C? + 2,07%6x10~*C? — 0,022C + 1,5431 0,982 0+100 [38'1%‘21103'
M"S‘f:f“ 25 D = 1,006x10-‘C? — 0,0122C + 1,3815 0,9999 0+30 [19,46,105]
_ . [82]
20 D = —0,0214C + 0,7995 0,9995 0,25+1
TTpoann
Proline m
25 D = —1,825%10-'C? — 4,297x10~°C + 1,3007 0,9588 1465 [44]
1 D = —0,0042C + 0,2427 0,9976 0,25+4,2 [19]
25 D = 5,517x10-°C2 — 0,0101C + 0,52486 0,9889 0+70 (19,4758,
92,109]
30 D = 6,071x10-°C? — 1,147x10-%C + 0,5996 0,9941 0+70 [19,92]
35 D = — 0,0048C + 0,708 0,9071 0+3,5 [92]
40 D = 7,935x10-5C? — 1,458x10~2C + 0,7716 0,9847 0+70 [19,58,92]
45 D = — 0,0074C + 0,9126 0,8932 0+3,5 [92]
Caxapo3sa
Sucrose
50 D = 2,207x105C? — 1,172x10~2C + 0,8836 0,9779 3+70
60 D = 2,361x1075C? — 1,28x10~2C + 1,0318 0,9996 3+70
70 D = 2,344x10-°C? — 1,429x10-2C + 1,2327 0,9999 3+70
[19]
75 D = 1,415x10-5C? — 1,637x10-°C + 1,3978 0,999 8+70
80 D = 2,222x1075C? — 1,566x10~%C + 1,4602 0,9999 3+70
) D = 1,674x10-5C? — 1,638x102C + 1,7023 0,9999 3+70
25 D = — 1,061x10-°C? + 2,369x10~‘C? — 0,0183C + 0,6348 0,9983 0+100
30 D = — 7,59x10-7C% — 4,152x10-°C? +4,765x10~°C + 0,8726 1,0 0+100
%?é 40 D = — 9,44x1077C? + 2,246x10~*C? — 0,0189C + 0,7604 0,9999 0+100 [19]
45 D = —1,402x10-°C® + 7,478x10-°C? +4,372x103C + 1,2978 1,0 0+100
65 D = — 3,115x107°C3 + 1,227x10~C? +4,817x10-3C + 2,1776 1,0 0+100
[IponomxeHue Ha cienyromei crpaHuLe.
Continued in the next page.
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IIponoskenue TadaunbI 3

Table 3 (continued)
Apanazon
BemtectBo Temneparypa,”’C VYpasuenue (D, x10~° cm?/c) R KOH&:?EP;HHH' Hcrounnk
Substance Temperature,”C Equation (D, x107° cm?/s) c s References
oncentration
range,% w/w
30 D = —3,125x1073C2 — 4,875x1072C + 1,1175 0,9986 0+6
. 40 D = —8,125x1073C? — 3,175x10~?C + 1,3315 0,9997 06 [41]
Phenol
55 D = — 1,1786x107%C? — 1,771x1072C + 1,7457 0,9992 0+8
18 D = — 0,0023C? 4 0,0598C + 1,7255 1,0 10+30 [26]
Dopmamup,
formamide
25 D = — 5248x107°C? — 8,3524x10~°C + 1,608 0,9975 0+5 [19]
25 D = —0,0093C + 0,7014 0,9778 0+2,5 [19,92]
30 D = —0,0139C + 0,7688 0,9884 0+1,8
Opykrosa
Fructose
35 D = —0,0155C + 0,8519 0,9977 0+1,8 [92]
39 D = —0,0146C + 0,9409 0,9734 0+1,8
10 D = 1,165x107°C® + 8,18x10~°C? — 1,911x10~2C + 0,8311 0,9904 0+100 [14,19]
15 D = 2,285x107*C? — 2,486x10~2C + 0,9248 0,9983 5+50 [104]
D = — 6,0044x107°C* + 1,258x107°C3 — 5,187x107*C? — L
18 —1,366x10-2C + 1,1012 1.0 0+100 (19]
20 D = 4,176x107*C? — 3,738x107°C + 1,0171 1,0 2,5+14 [26]
25 D = 3,255x10-'C? — 0,0337C + 1,253 0,9757 0+100 [19i3(ﬁ]103,
OTaHOA
Ethanol 35 D = 4,976x107*C? — 4,553x1072C + 1,6274 0,9963 5+50 [104]
40 D = 1,225%107°C? + 2,52x10~*C? — 3,798x10*C + 1,7062 0,9973 0+100 [19]
45 D = 2,739x1074C? — 3,097x107%C + 1,7657 0,9969 5+50 [104]
58 D = 9,03x1077C® 4 4,361x107*C? — 5,365%1072C + 2,4234 0,9976 0+100
73 D = 1,761x107°C® + 4,097x10~4C? — 5,673x10~*C + 2,9166 0,999 0+100 [19]
85 D = 2,798x107°C® + 4,2727x107C? — 6,405x1072C + 3,5698 0,9907 0+85
25 D = 7,264x107°C? — 1,6287x1072C+1,1188 0,8862 0+100
40 D = 9,721x107°C? — 2,0083x107%C + 1,4157 0,7327 0+100
or
EG [19]
55 D = 6,574x107°C? — 2,1993x10~2C + 2,2637 0,9982 0+100
70 D = 1,145x10~*C? — 2,7886x10*C + 2,7695 1,0 0+100
9 D = — 1,033x107*C? + 2,342x107°C? — 7,571x1073C + 0,7935 1,0 1,6+16 [3,27]
25 D = — 1,612x107°C® + 2,242x107*C? + 1,292x107*C + 1,0792 0,9894 2+50 [15,19,25,91]
CaCl,
37 D = — 1,22x107%C? — 0,1401C + 1,6103 0,9983 0+1,1 [91]
60 D = — 2,389x107°C% — 4,274x107*C? 4 4,855x10~2C + 1,6726 0,9994 2+28 [15]
IIponomkenue Ha cienyolei cTpaHuLe.
Continued on the next page.
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IIponoskenue TadaunbI 3

Table 3 (continued)
Apnanazon
BerrectBO Temmneparypa,”C Ypasuenue (D, X107 cm?/c) R KOHS;?(TP;HHH' VicTouHUK
Substance Temperature,”C Equation (D, x10~° cm?/s) Concent.razion References
range,% w/w
4 D = — 3,154x1073C® + 2,678x10~2C? — 6,803x107*C + 1,0879 0,9975 0,12+4 [19]
D = — 0,2449C° + 0,6816C* — 0,5864C + 1,6969 0,9975 0+1,5 [20,26,27]
18,5
D = 2,171x10*C® — 6,526x1073C? + 7,745x107*C + 1,3149 0,962 2,9+15 [20,26]
KCl D = — 4,762x1072C® + 0,1814C? — 0,2393C + 1,9584 0,9681 0+1,92 [15,25,26,27]
25
D = — 4733x10-°C? + 2,241x10-°C? — 1,323x102C + 1,8559 |  0,9604 2,2+25,5 [3'215'21%'25'
30 D = 54017C* — 1,1119C + 2,1957 0,9992 0,02+0,09 [19]
60 D = — 2,376x107'C? + 5,774x10°C? — 6,453x107°C + 3,1556 0,9961 1,9+21 [15]
15 D = — 6,243x107°C® + 1,636%10°C? — 1,113x107°C + 1,0901 1,0 0,116+22,6 [14]
18,5 D = — 4,35x107°C® + 2,108x1073C? — 1,631x1072C + 1,2425 0,9585 0,29+29 [3,19,20,27]
D = 0,0342C*— 0,1777C?* + 0,3374C? — 0,2802C + 1,5633 0,9942 0,029+1,98 [15,19,25]
NaCl 25
D = — 2477x107°C® + 9,76x107'C? — 4,404x10°C + 1,4788 0,9856 2,8+25 [15,19,25]
D = 1,0747C* — 2,321C + 3,3 1,0 0+1,28
60 [15]
D = — 4,438x107C® + 8,448x103C? +4,372x1072C + 2,0037 0,9954 1,28+17

Taonuua 4. YpaBHeHus 111 pacueTta Ko3pGuiueHToB quddy3uu psjia BOAHBIX PACTBOPOB KPHOIPOTEKTOPOB
B 3aBUCHMOCTH OT TEMIIEPATYPbI TPU HPUKCHPOBAHHBIX KOHIICHTPALIUSIX; TUCIICPCHUH AlIPOKCHMAIIHI
U THANa30Hbl TEMIIEPATYP IPUMEHEHHUS ypPaBHEHUS
Table 4. Equations to calculate the diffusion coefficients of aqueous solutions of several cryoprotectants as a function of
temperature at constant concentrations; approximation dispersions and temperature ranges of equations applicability.

KonnenTpanus, Apnanazon
BermectBo Macc. % VYpasuenwue (D, x107° cm?/c) R Temneparyp,’C VcTouHuK
Substance Concentration, Equation (D, x10~° cm?¥/s) Temperature References
% W/W range,”C
C;‘xapwa 20 D = 1,044x107% + 3,729x10~%t + 0,1768 0,9998 —2...100
ucrose
2 D = 9,337x107%t* + 2,029x10~ %t + 0,2363 0,9934 23,5..55
[41]
g)fﬂo" 4 D = 2,253x10~% + 5203x10~2 + 0,508 0,9934 23,5..55
enol
6 D = 4x10~%? — 1,4x10~%+ 0,77 1,0 30...55
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Taommua 5. YpaBHeHus 11 pacuera koddhunreHToB auddy3uu psaa BerecTs, pACTBOPCHHBIX B Pa3HBIX
KPHOIPOTEKTOPAX, B 3aBUCUMOCTH OT KOHIICHTPAI[IH PACTBOPUTEIIS IPU PUKCHPOBAHHON TEMIEpaType; TUCIIEPCUH

annpoKcUManui 1 Juana3oHsl TEMIepaTyp NPUMEHEHUS ypaBHEHUH

Table 5. Equations to calculate diffusion coefficients for substances dissolved in various cryoprotectants, depending on
solvent concentration at constant temperature; approximation dispersions and temperature ranges of equation applicability

Apnatnazon
KOHIIeHTPaIui
TeMHt:paTy'pa, sy PacTBOPUTEAS,
PacTBop Ypasuenue (D, x107° cm?/c) R? Mace. 9 VcTouHUK
Solution Temperature, Equation (D, x107° cm?/s) Solvéni References
¢ concentration
range,% w/w
Boaa BAMCO = _ 63 -2 -2, -
Wo O OMSO 25 D 1,662x107°C% + 5,857x107C? — 5,804x10~?C + 2,5 0,9963 0+100 [57]
D = 5484x107°C* — 1,135x10~5C? +1,021x10-3C? — .
s — 4,203x10-2C + 1,3014 0,9962 0+100 [105]
Boaa BMeTaHOAe
Water in
methanol D = 4,731x10-°C* — 9,946x10~°C® + 1,046x10-3C?
= 4, x10~ I %10~ " %10~ - .
25 Z5.344%10-2C + 2.2799 0,9985 0+100 [103, 105]
B‘\)/@a BMOHEBUHE 25 D = —1,865x10~'C2 — 1,099x10°C + 2,2315 0,9921 1,65+26,4 [50]
ater in urea
V‘%/OAE‘ BIPOAMHE 25 D = —1,2585x107C? — 2,593x10~2C + 2,8509 0,9975 1+65 [44]
ater in proline
Bopa B
[or-1500 20 D = — 0,2192C? + 0,651C + 1,598 0,9985 0,05+2 [13]
ater in
PEG-1500
%Aﬁ pcaxapose 25 D = 1,274x107‘C? — 4,015x102C + 2,2637 0,9999 9,2+27,6 [50]
ater in sucrose
Boaa BaTaHOAR D = 1,457x1078C* — 6,908x10~°C3 + 1,079x103C? — .
Water in ethanol 2 — 6,674%10-2C + 2,3004 0,9975 0+100 (103]
MetaHOA B
MOUEBHHE 25 D = —5773x107°C? — 6,345%x1073C + 1,5619 0,9996 1,65+26,4 [50]
Methanol in urea
MeTtanoA B
caxapose 25 D = 1,237x107C? — 2,951x10~2C + 1,5938 0,9981 9,2+27,6 [50]
Methanol in
sucrose
40 D = 5,029x10-5C? — 3,749x10~‘C + 0,08209 0,9995 0+100
3r AT _ s s .
BG in DEG 60 D = 1,52x105C? — 1,188x10-°C + 0,161 0,9955 0+100 [19]
80 D = 2,206x10-5C? — 1,57%x1073C + 0,312 0,9965 0+100
= 4,267x1078C? — 2,629x10-5C? — "
40 —6,381x10-°C + 7,5114x10~2 0,9929 0+100
or sTOr = —8(3 -6C2 — —4 -
EG in TEG 60 D = 5867x1075C* + 1,029x10-5C? — 3,395x10~‘C + 0,1452 0,998 0+100 [19]
80 D = 58667x10~°C% + 6,7429x10-5C? — 7,1095x10~“C + 0,28493 0,9999 0+100
Dranon BXD D = 9,52x107°C* — 1,315x107°C? + 3,465x10~*C? — .
Ethanol in CP 15 — 1,005%10-3C + 1,6296 L0 388 (19
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Tadmuna 6. YpaBHenust uis pacuera kodhdpunnento quddys3un 6eckoHedHO pa30aBIeHHbBIX BOAHBIX PaCTBOPOB psija
KPHOIPOTEKTOPOB B 3aBUCUMOCTHU OT TEMIIEPATYPbI; AUCICPCHH AMIPOKCUMAIINI U AUATIA30HBI TEMIIEPATYP

MIPUMEHEHHS YpaBHEHUN

Table 6. Equations to calculate diffusion coefficients for infinitely diluted aqueous solutions of several cryoprotectants
depending on the temperature; approximation dispersions and temperature ranges of equations applicability

Amana3oH
BerecTBO VYpasuenue (D, x10~° cm*/c) R Temnepatyp,’C Hcrouynuk
Substance Equation (D, x107° cm?/s) Temperature References
range, °C
11'3'_12% D = 2,4857x10~t + 1,0386x10~2 + 0,59086 0,9984 25...50 [62,101]
ﬁgggxﬁ/‘e D = 3,5246x10~* + 2,0259x10~2t + 0,52133 0,9891 4..37 [3,19,60,96]
T'annepun _ 42 s [1,5,11,12,19,24,26,
Giyomal D = 1,1467x10~* + 1,6493x10~2t + 0,4519 0,9982 10..25 60,66.97]
AtoK03a _ C ,3 [5,19,26,36,49,58,68,
Cpowosa D = 2,6535%10~t + 4,1169x10~3 + 0,40474 0,9914 15..37 750092.98]
@gg D = 2,4857x10t + 54943x10-3 + 0,64389 0,9956 30...50 [101]
]iiﬁg:: D = 2x10-42 — 3x10~%t+ 0,44 1,0 20...30 [3,60,79,99]
Morsrosa D = 2,1091x10-* + 3,04x10~% + 0,27713 0,9985 10...30 [3,60,79,99]
l\f/la;n‘;?f D = 6,3422x10-5 + 1,3528x10~2t + 0,2781 0,9949 0..70 [3,19,36,49,60,62]
Meraron _ C . [5,11,12,19,24,26,60,
Non D = 2,2151x10~ + 3,291x10~*t + 0,67861 0,9932 4..120 68.72.77.103.105]
Mouennna D = — 2,1985%10-%2 + 2,8927x10~% + 0,64803 0,9939 1..37 [3,24,26,46,49,60,62,
Urea 68,96]
Paddurosa D = 1,3006x10~t> + 57032x10~% + 0,19502 0,9974 1..37 [19,27,49,60,73,90]
Raffinose
Caxaposa _ 4 3 [3,5,19,47,49,58,60,
Sxapos D = 1,7042x10 42 + 6,891x10%t+ 0,24757 09763 1..45 6877006996, 102]
= D = 814491042 — 3,7725x102 + 1,154 0,9775 25..65 [19,101]
Qeror D = 5064x10-*? — 9,634x10~t+ 0,87935 0,9857 18..70 [26,41,68]
Phenol
Doprammp D = 2,0003x10~? + 3,247x10~2t + 0,72181 0,9959 4..37 [19,54]
Formamide
q;ﬁlyl‘éfo‘);: D = 5691910~ + 1,3793x10~2t + 0,30989 0,9986 1..39 [19,92,99]
]?é = 2,8096x10~*2 + 1,0813x10~2t + 0,68709 0,9842 20...70 [19,24,77,97,101]
Jranon D = 1,0739x10~* + 2,5352x10-2t + 0,59289 0,9932 4.85 [5:11,19,24,26,60,68,
thanol 77]
Cacl, D = 3,7073x10* + 1,0702x10~"t + 0,70081 0,986 9..60 [3'15'11%3?'91'95'
KCl D = 2,664x10-*2 + 3,3672x10~2t + 0,93125 0,9939 4..60 [3'12'1455511%515'26'27'
NaCl D = 2,365%10~'t + 2,9830x10~2 + 0,64355 0,9951 15..60 [3,14,19,25,27,49,68,

95,102]
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Taoauuna 7. YpaBHeHus i1 pacuera kodhGuireHtoB nuddys3un 66CKOHSYHO pa30aBICHHBIX PACTBOPOB Psijia BEIICCTB
B KPHUOIMPOTEKTOPaX B 3aBUCHMOCTH OT TEMIIEPATyPhI; JUCIIEPCHH alIIPOKCUMALIUIT
U IMAIa30HbI TEMIEPaTyp NPUMEHEHUS ypaBHEHU I

Table 7. Equations to calculate diffusion coefficients for infinitely diluted solutions of several substances in cryoprotectants
as a fuction of the temperature; approximation dispersions and temperature ranges of equations applicability

Apnanazon
BemecrBo PacTBOpuTeAn VYpasuenwue (D, x10~° cm?/c) R? Temneparyp,’C Hcrounuk
Substance Solvent Equation (D, x10~° cm?/s) Temperature References
range, °C
1,2-TIA or _ s -
12-PD EG D = 3,5422x107°t* + 5,9937x10~*t + 0,008385 0,9887 25...50 [19]
Boaa MeraHoa — — 452 -2,
Water Methanol D = 4,439x10~** + 1,9595x10~% + 1,3576 0,9959 5..50 [103,105]
AST or _ 42 _ -3
DEG EG D = 1,08x107% 4,1x107% + 0,0908 1,0 25...40 [19]

Taommua 8. 3uaucHus ko3 duineHToB T HY3UH OCCKOHSUHO Pa30aBICHHBIX BEIICCTB B PSIIC PACTBOPUTEIICH
Table 8. Diffusion coefficients of infinitely diluted substances in some solvents

PacTBOpUTEAD Bermecrso Temmneparypa,”C D, x107° cm*/c HcroyHuk
Solvent Solute Temperature,”C D, x107° cm?¥/s References
1,4-BA,
1.4-BD 25 1,0 [54]
1,3-TTA,
13-PD 25 1,17 [62]
AnaHUH
Alanine 25 0,912 [46, 73]
Baaun
Valine 25 0,83 [47]
lFarakrosa
Galactose 1 0,3131 [19]
25 1,07 [19, 73]
T'annua
Glycine
37 1,43 [49]
Aekcrpan-4
Dextran-d 22 0,148 [70]
AekcTpan-500
Dextran-5000 2 0,031 [70]
Boaa A 2000
Wat EeKCTpaH-
ater Dextran-2000 2 0,005 [70]
AMA1
DMAc 25 0,702 [37]
AMCO
DMSO 25 0,8 [57]
25 0,7495 [98]
Kcnnosza
Xylose
30 0,763 [99]
20 0,605 [3.36]
Manuaut
Mannit 25 0,65 [60]
37 0,933 [36,43]
TIBIT (m.8.12000)
PVP (m.w. 12000) 25 0,089 (8]
T19T-6000
PEG-6000 25 0,1152 [42]
[IponomxeHue Ha cieayroIel cTpaHuLe.
Continued on the next page.
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IIponoskenne TadauubI 8

Table 8 (continued)
PacTBOpUTEAB BemectBo Temneparypa,”C D, x107° cm?/c HcroyHuk
Solvent Solute Temperature,”C D, x107° cm?%/s References
I19T — 35000
PEG — 35000 25 035 [19]
Bopa
Water C
Sep.“H 25 0,88 [73]
erin
25 0,021 [60]
Taunepun Bopa
Glycerol Water
20 0,0083 [19,20]
AreraMup,
Acetamide 25 1729 (19]
Bopa
Water 25 2,338 [19]
T'aunepun
25 1,605 [19]
Meragon Glycerol
Methanol M
OSeB“Ha 25 1,597 [19]
rea
Dopmamup
Formamide 2 2,07 (19]
OTUAEHTAUKOAD
Ethylene glycol 2 1,641 (19]
Tor Bopa
TEG Water % 0.19 (24]
Denon
Phenol 2 2 (60]
Xaopodopm
Chlorophorm 15 2.2 [20,24,47]
OTaHOA
Ethanol
23 1,91 [19]
25 0,68 [60]
ArreTaMup,
Acetamide
20 0,67 [3]
Bopaa
Water 25 1,167 [19,20,24,47]
25 0,56 [60]
T'aunepun
Glycerol
20 0,52 [3,20,24]
OTaHOA
Ethanol 25 0,73 [60]
MoueBuHa
Urea
12 0,54 [20,24]
20 0,8 [3,68]
Denon
Phenol
25 0,89 [60]
25 1,38 [60]
Xaopodopm
Chlorophorm
20 1,24 [3,68]
ar Boaa
EG Water 25 0,18 [24]
[IponomxeHue Ha cieayroIel cTpaHuLe.
Continued on the next page.
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IIponoskenne TadauubI 8

Table 8 (continued)
PacTBOpUTEAD BemecrBo Temmneparypa,”C D, x107° cm*/c HcroyHuk
Solvent Solute Temperature,”C D, x107° cm?¥/s References
25 0,0558
AT
DEG 30 0,065
40 0,0996
or
EG 25 0,0482 [19]
30 0,0532
1,2-TIA,
1,2-PD
40 0,0924
50 0,1259
1,2-TIA, Boaa
1,2-PD Water 20 0.075 (20]

Tabauna 9. YpaBHeHuUs A1 pacuera K03 OUIHCHTOB TEIUIOBOTO PACITMPEHISI BOABI M Psa YUCTHIX KPHOTIPOTEKTOPOB
B 3aBHCHMOCTH OT TEMIIEPaTypPhl; JUCTIEPCUH alIIPOKCUMAIIUI U AUAIla30HbI TEMIEpaTyp IPUMEHEHHs ypaBHEHUN

Table 9. Equations to calculate thermal expansion coefficients for water and several pure cryoprotectants as a function
of temperature; approximation dispersions and temperature ranges of equations applicability

Anana3oH
BerrecTBO VYpasuenue (f3, x107° 1/K) R? Temnepatyp,’C Hcrouynuk
Substance Equation (B, x107° 1/K) Temperature References
range, °C
10,16,21,22,27 — 30
Bopa B = —2115x107°%° + 8,751x10°"t> — 1,358x10~** + B [10,16,21,22, '
Water 4 1,015%10-2 — 0,42356t2+ 18,2111 — 54,961 0.9988 34..150 39'51'5765'51%3%66'71'
Aep, _ 9
o B = 0,252t + 56,003 0,9911 —250..0 [69,75,83,87,88,93]
B = — 9,5496x10¢ — 2,61£2—222,31t — 5497,5 0,9989 —113..— 64 [74]
Faunepun
Glycerol
B = — 26432x10~¢ + 0,011183+ 0,80966t + 483,63 0,945 —64...50 [14,28,71,74,77]
%ﬁgg B = 5x10-% + 0,15t + 970,0 1,0 20...40 [34,43,76]
mgggfé‘l B = 9,0611x10-%(3+0,012284(2+ 3,1708t + 1072,3 0,993 —95..120 [9.21,71,89,108]
555388 B = 0,4612t+ 656,1 1,0 20...80 [107]
1};[]?(1;288 B = 0,5137t+ 691,08 0,9999 20...80 [106]
@A s
FA B = 3,08x10-% + 1,001t + 722,4 0,9999 3..150 [9,76,108]
g)f;iﬁ B = 2,86x10 + 1,63381t+ 752,841 0,9985 0..120 [21,34,76]
XD
cp B = 0,01671t> + 3,245t + 1209,3 0,99 —60...120 [12,21,27,108]
gff;‘;’} B = 8,616x10-* — 0,08448t> + 4,46t+ 1039,5 0,986 0..120 [12,14,27,45,65,89]
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Tadmuna 10. YpaBHeHus 11s pacuera ko3 GUIIMEHTOB TEIIOBOTO PACIIUPEHHS PsiJia BOIHBIX PACTBOPOB
KPHOTIPOTEKTOPOB B 3aBUCUMOCTH OT KOHIICHTPALUK NPH (PUKCUPOBAHHBIX TEMIIEPATypax; JUCIICPCUH alllIPOKCUMAINi

" aualria3oHbl KOHI.[CHTpa].[I/Iﬁ MIPUMCHCHU ypaBHeHI/Iﬁ

Table 10. Equations to calculate thermal expansion coefficients for aqueous solutions of some cryoprotectants as
a function of concentrations at constant temperatures; approximation dispersions and temperature ranges of equations

applicability
Auanazon
BemecrBo Temneparypa,”C VYpasuenue (3, x10° 1/K) R? KOH&;?SP;HHH' HcrouHuk
Substance Temperature,”C Equation (B, x10° 1/K) c e References
oncentration
range,% wW/w
1,2-TIA, 25 i X )
1.2-PD B = —6,2827x107*C® + 0,03979C? + 6,999C + 252,94 0,9969 0+100 [9,67]
25 B = —3,29x107*C® 4 0,02088C? + 3,6067C + 247,57 0,9943 0+100 [45]
T'aunepun
Glycerol
15...20 B = —4,2348x10~C® 4 0,023375C? + 6,3707C + 165,69 0,9986 10+100 [80]
40...60 B = —78778x107“C® + 0,064996C?* + 6,9622C + 456,94 0,9916 0+100
AMOA
DMFA [17]
20...40 B = —4,2422x107*C® + 0,01424C?+49,4691C + 309,94 0,9973 0+100
40...60 B = 3,2943x107C® — 0,077259C? + 7,3593C + 465,71 0,9857 0+100
DA
FA [17]
20...40 B = 8,5188x1074C® — 0,17524C? + 13,453C + 307,92 0,994 0+100
CaCl, 25 B=0,011161C? + 4,2215C + 277,49 1,0 5+25 [6]
KCl1 25 B= —0,082771C? + 8,2511C + 246,2 1,0 7+18 [6]

Tabauna 11. YpaBaenus i1 pacyera kKo3(GQUIIEHTOB TEIUIOBOTO PACIIMPEHHS Psiia BOAHBIX PaCTBOPOB

KPHOIPOTEKTOPOB B 3aBUCUMOCTH OT TEMIIEPATyPbl IIPH PUKCUPOBAHHBIX KOHIEHTPALUSX; JUCTIEPCHH allIIPOKCUMAIIUI
U IMAaIla30HbI TEMIIEPATyp IPUMEHEHUS YPaBHEHUS

Table 11. Equations to calculate thermal expansion coefficients for aqueous solutions of some cryoprotectants as a fuction of

temperatures at constant concentrations; approximation dispersions and temperature ranges of equations applicability

KonnenTrparus, ApanazoH
BeriectBO Mmacc. % Vpasaenue (B, x107° 1/K) R temneparyp,’C | McrouHuK
Substance Concentration, Equation (B, x10~° 1/K) Temperature References
% W/W range, °C
16,5 B =3,3534t + 58,305 1,0 —10...20
1,2-TIA,
1,2-PD (81]
22,7 B =2,9064t + 84,701 1,0 —12..20
AnraHWH
Alanine 0,25 B =2,8965%x107% — 0,68t + 69,912t — 2043,2 0,9994 5..95 [85]
Baaun -
Valine 0,25 B =1,0289x107%° — 0,31347t> + 42,069t — 885,64 0,9992 5..95 [85]
20 B =4,9319x107%2 + 4,5761t+ 218,88 0,9994 17,5...50
T'Annepun
Glycerol (71
40 B =0,032579t* + 0,20432t + 418,47 0,9892 17,5...50
[IponomxeHue Ha cieayroIel cTpaHuLe.
Continued on the next page.
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IIponoskenne Tadaunsbi 11

Table 11 (continued)
Kounnenrpanus, Apnanazon
BemectBo Macc. % Ypasuenwue (3, x107° 1/K) R Temneparyp,’C VcTouHuK
Substance Concentration, Equation (B, x10~° 1/K) Temperature References
% W/W range, °C
60 B = —0,025t* + 3,45t + 420,5 0,9966 20...50 [71]
65,4 B = 8,6039x1073* + 4,5225t + 256,6 0,9979 20...100
T'Aunepun
Glycerol [29]
73,3 B = 0,011693t> + 3,7155t + 324,13 0,9967 20...100
80 B = —0,025t> + 2,45t+ 470,5 0,9818 20...50 [71]
25 B = 0,003t + 8,19t+ 50,2 1,0 10...30
I'Aroko3a _
Glucose 10 B = 0,0025t> + 8,358t + 50,5 1,0 10...30 [35]
50 B= 0,0025t> + 9,675t + 22,8 1,0 10...30
23,7 B = 1,8648t+ 95,57 1,0 —77..20
46,5 B = 0,4592t + 198,09 1,0 —36...20
AMCO
DMSO (81]
55 B = —0,1956t + 202,05 1,0 —89...20
65 B = —0,2028t+ 238,31 1,0 —95..20
25 B = 0,003t + 8,56 t+ 33,9 1,0 10...30
Caxapo3sa _
Sucrose 10 B = 0,003t + 7,07t + 105,0 1,0 10...30 135]
50 B = 0,0035t> + 9,955 t+ 3,2 1,0 10...30
ggﬁﬁg 0,25 B = — 4,835x10~“+0,147782 — 14,545t + 10459 0,9903 5..95 [85]
%)ﬁ 13,7 B = 2,6666t + 84,944 1,0 —12..20 [81]
OraHoA
Ethanol 8,31 B = —0,058765t> + 12,954t + 8,1328 0,9997 10...60 [48]
NaCl 20 B = —29762x10-%* + 2,5t + 361,19 0,9995 0...120 [21]
npo6nembl 446 problems (4
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Taéauna 12. 3nadenust Ko3QPHUIMESHTOB TEIUIOBOTO PACIIMPEHUS OTCIbHBIX BELIECTB
Table 12. Thermal expansion coefficients for several substances

Bermecto Temneparypa,’C B, x107° 1/K Hcroynuk
Substance Temperature,”C B, x107¢ 1/K References
1,2-BA,
1,2-BD 25 763,5 [9,76]
1,3-BA,
13-BD 25 662 [9]
1,4-BA,
1,4-BD 25 617 [9,76]
2,3-BA,
2.3-BD 25 990 [76]
15 730 [77]
1,2-TTA
1,2-PD
25 709,7 [9,45,76]
1,3-TTIA
13-PD 25 602 [9,76]
AMAIL
DMAc 25 972 [9,76]
20 1034 [7,94]
AMOA
DMFA
25 1006 [9,76]
AST
DEC 25 666 [9,76]
MAr
MAc 25 829 [9,76]
MOA
MFEA 25 876,5 [9,76]
Cop6ur _
Sorbitol 6 445 [40]
20 690 [55]
Tor
TEG
25 696 [9,76]
15 650 [77]
or
EG
20 6194 [18,27,28,53]
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