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Application of Osmotic Coefficient Theory in the Metrology of Water
Activity and Other Physical and Chemical Quantities in Electrolyte
Solutions
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[ Abstract] The osmotic coefficient (¢) reflects the degree to which the solvent in an electrolyte solution deviates from
ideal solution behavior. The osmotic coefficient can be determined by various methods such as the vapor pressure method
and the electromotive force method. The U.S. National Bureau of Standards (NBS) compiled published data and, based on
statistical analysis, provided reference values of osmotic coefficients for various electrolyte solutions, using the average of
multiple scientific datasets as the standard value for each electrolyte solution, along with the standard deviation. This
reference data is expressed in the form of the Debye-Hiickel equation, allowing users to calculate the corresponding osmotic
coefficient by substituting the molality of the electrolyte solution into the equation. The osmotic coefficient can be used to
calculate the water activity and freezing point of electrolyte solutions, thereby determining the standard values of these
quantities for reference solutions, which can be used to calibrate measurement instruments for these properties. Sodium
chloride is the most commonly used electrolyte. The reference values specified by relevant international and national
standards are in good agreement with the results calculated using the reference data of the osmotic coefficient. Calculating
the standard values of related physical and chemical quantities using the reference data of the osmotic coefficient allows for
indirect traceability to SI units such as vapor pressure and electromotive force.
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Tab.1 Source of original data on the osmotic coefficient

of NaCl

s HIERZR (B3 AR
1 B B Allmand, Polack™™ 1919
2 LBk Harned"”’ 1929
3 CIR87S Harned, Nims!" 1932
4 B B Brown, MacInnes!” 1935
5 LBk Sakong, Huang 1962
6 RN Lebed, Aleksandrov 1964
7 HL s Wilke, Schrénkler 1932
8 BB Janz, Gordon!® 1943
9 RN Caramazza 1960
10 CIR87S Getman!” 1920
11 HL A Haas, Jellinek 1932
12 PARITRES Stokes!™ 1947
13 Pk Harned"” 1959
14 AR Negus 1922
15 ZEE R Pearce, Nelson!'” 1932
16 AR Olynyk, Gordon'"" 1943
17 AR Petit'"? 1965
18 ik Hepburn 1928
19 R Robinson, Sinclair!'¥ 1934
20 YIRS Scatchard, Hamer!" 1938
21 FIER Robinson!'* 1939
22 FIER Janis, Ferguson!'” 1939
23 &k Robinson""! 1945

BEAh, Walter S50 45 ) 182 R BB bR ifEN 221,
M TFAGTHE 1 R BRI B L5 AR AT E
FE o 25 L PR, I EARMERIE R [ 22 Fh o S g
Ti ik, 2L KA BA TR, WA B5 R 4, D
PEHER AT 5E o X E R — 2 KA, Wi E T AL
SEHUR 2], G — R (E . R R R, SO
THZETTHR.

4 RIFSERBITESHYELZE

41 TEKHEE

K533 BE A T SR A 1 25 SOk 78
HE(P) 54K ZERE(P) Z . B ity
AR 1 L b2 RN R s 07 3 PR 37 31 7K
TG EERSER . BRI, 7K 0 0% BE 2 PAN B rh i A= )
FeE Pk, AT PEAN £ it DR o 3 R 22 4k 1) o 2 2280
Z—o KU FEAGE F R A M BB B
5 S U B AL RS, I 55 A P A Y S AR AR X
MR EE, VAR R /K 531 BE o FoL ik S AN T RN VT LA
VER 7K 5316 BE AIARAES T, FH TR HEK 431 BEAYL

HR A5 L i T T e, R A 7K 531 B2 (@) W]
DL ZCS W1 JB o JBE 20 MR 5 (o) X I 1922 355 ZR K
() 115, =X (8) promtll,

a= e—O.OOIXmV(ﬁMHQO (8)



48 e

1, a SRR AT BE s m SRk i 0T i BE R VR B, mol/kg;
v & Imol HLfi# BT 7= A= 14 25 ¥ 19 BE JR &, X F NacCl,
Vv=2; ¢ BB B R B Muos K5 F i, Myo=
18.0154 g/mol,

B 4n, © %0 NaCl 1) 5t & B 7R ¥ BE (m) 2h 1.00
mol/kg, [RAZ(7), 15323 R E($)FE T 0.936; ¢
¢ MEERACAI(8), 153 B K 4315 BE A 0.966 8.

2 5 H T 1SO 21 807 HEAF K ARl H B ) NaCl
BRI TR A 7K 3 B VAR Bl o A v A5 T A7 3] 1)
KAy E EEO), gk 2 fTR, 1SO 21807 By HEFE(E AN
FHEAEZ (A1 22 AN i 0.000 1, — Bk R 4F.

&2 NaClBERKDEENITEE
Tab.2 Calculated values of water activity of NaCl
aqueous solution

MR

TRIRRERKIE Ui TSO21807HEAE GhRME w0

(molkg)  HAML MASMEE % KA e
0.1 0.58% 0.9966 0.933 0.9966
0.2 1.15% 0.9934 0.924 0.9934
0.3 1.72% 0.9900 0.921 0.9901
0.4 2.28% 0.9868 0.921 0.9868
0.5 2.84% 0.9835 0.922 0.9835
0.6 3.39% 0.9802 0.923 0.9802
0.7 3.93% 0.9769 0.926 0.9769
0.8 4.47% 0.9736 0.929 0.9736
0.9 5.00% 0.9702 0.932 0.9702
1.0 5.52% 0.9669 0.936 0.9668
1.2 6.55% 0.9601 0.944 0.9600
1.4 7.56% 0.9532 0.953 0.9531
1.6 8.55% 0.9461 0.963 0.9460
1.8 9.52% 0.9389 0.973 0.9388
2.0 10.46% 0.9316 0.984 0.9315
22 11.39% 0.9242 0.995 0.9241
2.4 12.30% 0.9166 1.007 0.9166
2.6 13.19% 0.9089 1.020 0.9089
2.8 14.06% 0.9011 1.032 0.9011
3.0 14.92% 0.8932 1.046 0.8931
32 15.75% 0.8851 1.059 0.8851
34 16.58% 0.8769 1.073 0.8768
3.6 17.38% 0.8686 1.087 0.8685
3.8 18.17% 0.8600 1.101 0.8600
4.0 18.95% 0.8515 1.116 0.8514
5.0 22.61% 0.8068 1.192 0.8068
6.0 25.97% 0.7598 1.270 0.7599
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Tab.3 Solutes, concentrations, osmotic coefficients, and
water activities of unsaturated salt solutions

W BUREERKEE(molkg)  BEREL KA
LiCl 13.481 2.851 0.250
LiCl 8.533 2.251 0.500
NaCl 5.953 1.266 0.762
NaCl 5.209 1.208 0.797
NaCl 4.029 L1118 0.850
NaCl 2.825 1.034 0.900
NaCl 1.487 0.957 0.950
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Tab.4 Mass fractions, molalities, and freezing point
depressions of NaCl solutions

L v FiE =  GB5413.38 o HR Y p bR
TR B e N PR

(mol/kg) (mK) (mK)
0.1165  0.676% 400 0.9305 403
0.1189  0.690% 408 0.9302 411
0.1315  0.763% 450 0.9288 454
0.1465  0.849% 500 0.9274 505
0.1495  0.866% 510 0.9271 515
0.1501  0.870% 512 0.9270 517
0.1525  0.884% 520 0.9268 525
0.1555  0.901% 530 0.9266 536
0.1585  0.918% 540 0.9264 546
0.1616  0.935% 550 0.9261 556
0.1637  0.948% 557 0.9260 563
01767  1.022% 600 0.9251 607
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