


a press ure of 101325 Pa (formerly known as 1 standard 
atmosphere). For gases (symbolized as g), the standard 
state is that of the ideal gas at a pressure of lO1325 Pa. 
For aqueous solutions (symbolized as aq). the s tandard 
state is the hypothetical ideal solu tion at a concentra­
tion of 1 mol kg- I (of solvent); the properties of ideal 
aqueous ionic solutions are taken equal to tbe sum of 
the properties of the individual ions . 

The following values of the fundam enta l constants 
were employed in the calculations: gas constant. 

/( , (8.31433±0.00l20) J mol - 'K - '; constant relating 
wave number and energy (0.1196256 ± 0.0000107) 
J m mol-I. Relative atomic masses were taken as 
recommended by the Commission on Atomic Weights 
of lUPAC (1970). All thermodynamic data in the table 
relate to the natural mixture of isotopic species. 
Nuclear spin contributions were ignored. The un­
certainties in the table represent the Task Group's 
estimates of the overall uncertainties at a 95 percent 
confidence level. 

Tentative Set of Key Values for TherInodynamics-Part I 

Substance State flH\"~JH.15 Foot- SO~H8. 1:') HO "~IH. I 0 - ROo Foot-
k] mol - I note ] mol - I K-' kJ mol - I note 

0 (T 249.17 ±0.10 c 160.946 ± 0.020 6.728 ± 0.003 b to 

O 2 (Y 0 a 205.037 ± 0.033 8.682 ± 0.004 b to 

H (T 217.997 ± 0.006t d 114.604 ± 0.015 6.197 ± 0.002 b to 

H + aq 0 a 0 a 
H2 o· 0 a 130.570 ± 0.033 8.468 ± 0.003 b to 

H"O 1 - 285.830 ± 0.042 e 69.950± 0.080 f 
H2O (T - 241.814 ± 0.042 o· 188.724 ± 0.040 9.908 ± 0.008 b "" '" He (T 0 a 126.039 ± 0.012 6.197±0.002 b to 

Ne (T 0 a 146.214 ± 0.016 6.197 ± 0.002 b to 

Ar o· 0 a 154.732 ± 0.020 6.197 ± 0.002 b '" Kr o· 0 a 163.971 ± 0.020 6.197±0.002 b '" Xe (T 0 a 169.573 ± 0.020 6.197 ± 0.002 b to 

Cl o· 121.290 ± 0.008 h 165.076 ± 0.020 6.272 ± 0.003 b to 

CI - aq -167.08 ± 0.14 56.78 ± 0.60 
CI2 g 0 a 222.965 ± 0.040 9.180 ± 0.008 b 
HCl o· - 92.31 ±0.13 186.786 ± 0.033 8.640 ± 0.004 b to 

Br o· 111.84 ± 0.12 J 174.904 ± 0.020 6.197±0.002 b b 

Br- aq -121.50 ± 0.17 k 83.3 ± 1.3 k 
Br2 1 0 a 152.210 ± 0.040 24.52 ±0.13 I 
Br2 <r 30.91 ±O.ll I 245.350 ± 0.054 9.724 ± 0.OJ2 b to 

HBr (T -36.38 ± 0.17 k 198.585 ± 0.033 8.648 ± 0.004 b to 

1 o· 106.762 ± 0.040 m 180.673 ± 0.020 6.197 ± 0.002 b to 

1- aq -56.90 ± 0.84 n 107.11 ± 0.42 n 
12 c 0 a 116.139 ± 0.080 13.196 ± 0.040 0 

12 u- 62.421 ± 0.080 0 260.567 ± 0.063 10.117±0.OJ2 b '" HI (T 26.36 ± 0.80 n 206.480 ± 0.040 8.657 ± 0.006 b b 

N (T 472.68 ±0.40 p 153.189 ± 0.020 6.197 ± 0.002 b '" N2 o· 0 a 191.502 ± 0.025 8.669 ± 0.003 b to 

C C 0 a 5.74 ± 0.12 1.050 ± 0.020 q 
C (T 716.67 ±0.44 r 157.988 ± 0.020 6.535 ± 0.006 b '" CO o· -110.53 ±0.17 s 197.556 ± 0.032 8.673 ± 0.008 b b 

CO2 o· -393.51 ± 0.13 t 213.677 ± 0.040 9.364 ± 0.008 b to 

Tentative Set of Key Values for Thermodynamics - Part I, recalculated to calories* 

Substance State flH \,,!,x. ,:; S°:!9~.1;; HO :!HX. I;, - HOo 
kcal moJ - 1 cal mol- I K- ' kcal mol - I 

0 (T 

'" 
59.553 ± 0.024 38.467 ± 0.005 1.608 ± 0.001 

0" o· 0 49.005 ± 0.008 2.075 ± 0.001 
'"' H o· 52.lO3± O.OOlt 27.391 ± 0.004 1.481 ± 0.001 
'" H + aq 0 0 

H" (T 0 3] .207 ± 0.008 2.024 ± 0.001 
b 

H2O 1 - 68.315 ± 0.010 16.718 ± 0.019 
H2O g - 57.795 ± O.OlO 45.lO6 ± 0.010 2.368 ± 0.002 
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Tentative Set of Key Values for Therm.odynamics - Part I, recalculated to calories* - continued 

Substance State b.H\ 29M. 15 S02~)M. 15 H02~J M. 1 5 - HO 
kcal mol - I cal mol - I K- l kcal moj- I 

H e cr 

'" 
0 30.124 ± 0.003 1.48] ± 0.001 

Ne g 0 34.946 ± 0.004 1.481 ± 0.00 1 
Ar ()" 0 36.982 ± 0.005 1.481 ± 0.001 

'" Kr ()" 0 39.190 ± 0.005 1.481 ± 0.001 
'" Xe g 0 40.529 ± 0.005 1.481 ± 0.001 

Cl ()" 28.989 ± 0.002 39.454 ± 0.005 1.499 ± 0.00l 
'" Cl- aq - 39.933± 0.033 13.57 ± 0.14 

CL g 0 53.290 ± 0.010 2.194 ± 0.002 
H C] cr - 22.063 ± 0.031 44.643 ± 0.008 2.065 ± 0.001 

'" Br ()" 26.730 ± 0.029 41.803 ± 0.005 1.481 ± 0.001 
'" Br- aq - 29.039 ± 0.041 19.91 ± 0. 31 

Br2 I 0 36.379 ± 0.010 5.860 ± 0.03] 
Br2 cr 7.388 ± 0.026 58.640 ± 0.013 2.324 ± 0.003 

'" HBr g - 8.695 ± 0.041 47.463 ± 0.008 2. 067 ± 0.001 
I g 25.5 ] 7 ± 0.010 43 .182 ± 0.005 1.481 ± 0.00] 
1- aq - 13.60 ± 0.20 25 .60 ± 0.10 
L c 0 27 .758 ± 0.01 9 3.154 ± 0.010 
L 0" 14.9] 9 ± 0.019 62 .277 ± 0.015 2.418 ± 0.003 

'" HI IT 6.30 ± 0.19 49.350 ± 0.010 2. 069 ± 0.002 
'" N g 112.97 ± 0.1O 36.613 ± 0.005 1.481 ± 0.001 

N2 g 0 45.770 ± 0.006 2.072 ± 0.00] 
C c 0 1.372 ± 0.029 0.251 ± O.OO.S 
C lY 171.29 

'" 
± O.ll 37.760 ± 0.005 1. 562 ± 0.002 

CO g -26.417 ± 0.041 47 .217 ± 0.008 2. 073 ± 0.002 
CO2 g - 94.05] ± 0.031 51.070 ± 0.010 2.238 ± 0.002 

t Du e to a calc ul a ti on e rror these da ta we re give n in th e ori gi na l repo rt a s 218.002 kJ mo l- I (52. 104 kc-a l mo l- I). 
*ca l=4. 184 J. 

Footnotes 

De fi ned refe re nce s ta te. 

Ca lc ul a ted. by direc t s um ma ti on ove r th e e nl' r!,!:y Il' vei s . a t the In s titut e fo r Hi ~h T e mpera turl' s (U.s.S. H .. ) a nd tl ,,· Na tio na l Burl'a u 
S ta nd a rds ~U . S.A.) . The un cl'rt a int y I,'; ive n in c ludes a co ntribution of 0.0 15% of Ih l' e ntrop y du e to tl,,· unc e rt a inl Y in 1<. 

I 
'C . C alculat ed us ing D,,( O,)= 4 1260 ± 15 c m- I from Brix a nd Herzbe r !,!: (] 9S4) . a so u rn in !,!: t 11<' p rodu e ts a rc' ° a tllrn s in I he ~rllun d st a te. 

". Calcul all'd us i n ~ /J,,( H,) = 36 1 18.:3 ± 1 c m- I frol11 Hl'I'zhe l' l,'; (1970). 

_. E nt ha lpy uf forrn a t ion of H, O (] ) from Ross in i (1 93] , 1939) . a lld Ki nl,'; a nd Arm s t ron l,'; (1968). 

If. Calc ul a ted from S o,,, •. ,, H, O(I,';) with a ppl'llpriat e d a ta fo r th e e ntropi es of ex pa ns ion to sa tura tion . corn'c ti on to the rea l vapour a nd va po r· 
izatiun , fro m Kee na n, Keyes , Hill , a nd Moore (1969). See a lso Cia uqu l' and S tout (1936 ). 

g . C al c ul a ted fro m IlH ~. ," 8. " H,O(l ) u sing data fro m Keenan , Keyes, Hill , and Moo re (1969). 

1 . Calc ul a ted us ing D,,(C !,) = 19997 ± 1 e m- I based on Do u~las , M0 11e r. a nd S toi c he ff (1963), Ll' Huy a nd Be rns tein (1970), Le R oy (1 970), 
and S itt",l y (1970). 

i. Enth a lpy o f form a ti on of HC l(g) from I{ossini (1 932), Roth a nd Ri cht e r (1934). vo n Wa rt pnbe rg and Hanisch (1932), Lac he r. Ki a npour. 
Oe tting. a nd Pa rk (1956), r a ita, Lo nghi , a nd Mu ss ini (1967), Cerquet ti. Longhi, a nd .\1uss ini (1968). a nd Kinl'o and Arms tl'On 1,( (1970) . 
E nth a lp y o f so luti un of II C I(g) from Gunn a nd Grpe n (1963) , Gunn (1964) , Vande rzee and Nutt e r (1963). a nd Roth a nd Be rtra m (l937). 
Gibbs e n e r~y uf su lution f1"llm Bat es a nd Kirschm a n 1] 91 9), Haase, Naas , and Thuml11 (1963), and As ton and Cittle r (l955). E ntrop y of 
CI- (a4 ) I'rol11 Ba tes a nd Bowe r (1954), a nd Gre eley, S mith. Stoughton, and Lietzk e (1960). on the Ag, AgCl , CI- e lec trode. Sel' a ls l) 
CerqLll'tti. L Ull !,!:hi , a nd .\1uss ini (1968). 

Calc ul a le d u s in ~ D,, ( 7!l l:h KI Br) = 15893 . 1 :!: 2 e m- I based o n Horsley and Ba rrow (1967 ), and S itt e rly (1970). Le Roy t 1970) I'ecalc ul a tl'd 
Do(Br2) from these da ta; hi s res ult is correct only if Hors le y and Barrow missed m a ny upper rotational le ve ls of highe r vibra ti o nal s ta tes 

in th e ir int (' rprl' ta ti on o l'th(· abso rption ' pee tra . 

Enthalp y o f fo rm a tion fr0 111 Johnson and S unne r (1963), 10hnson and Ambrose (1963), Sunne r a nd Thore n (1964), Lac he r. Casa li . a nd 
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Park (1956) , 3nd Howard and Skinner (J966). F:nthalpy of so lution of HBr(;.!) from Vanderzee and Nutter (1963), Roth and Bertram (1937). 
and Thomsen (1884). The entropy of Br- (aq) from measurement s on the Ag, AgBr, Br- electrode by Hetzer, Robinsun. and Bates (1962). 
Harned , Keston , and Donelson (1936), and Own and Foering (1936), and from differences in the entropy of so lution for the sa lt pairs 
KCl-KBr, CsC I·CsBr, AgCI·AgBr, and NaC I·NaBr.2H,0. 

1. From the spec ific heat and heat of vaporiza tion measurements of Hildenbrand et al. (1958). 

m. Ca lcu lated using Do(I,) = 12440.9 ± l.1 cm- I from LeRuy (1970), Brown (1931), LeRoy and Bernstein (1970), and Si tt erly (1970). 

n. Enthalpy of formation of [- (aq) from Vorob'ev, Broier and Skuratov (1966), Wu , Birkey, and Hepler (1963) , and Howard and Skinner 
(1966). Entropy of I- Iaq) from measure ments un the Ag, A~l, 1- electrode by Hetzer, Robinson, and Bates (1964), Kortum and Haussermann 
(1965), and Feakins and Watson (1963) , and from differences in the entropy of so lution for the sa lt pairs KCI·KI , CsCI·CsI , AgCl-Agl, 
and NaCI·NaI.2H,O. Enthalpy of formation of HI(g) from Taylor and Crist (1941), Rittenberg and Urey (1934), Bright and Hagerty (1947), 
Murphy (1936), and Gunther and Wekua (1931). 

o. From the low·temperature specific heat data of Shirley and Giauque (1959) , and vapour pressure data of Baxter, Hickey, and Holmes 
(1907), Baxter and Grose (1915), Gillesp ie and Fraser (1936), and Stern (1958). 

p. Calculated from Do(N,) = 78715 ::!: 50 cm- I from Buttenbender and Herzberg (1935), Tanaka, Ogawa, and J ursa 11964), Tilford. Vandersli ce 
and Wilkinson (1965), and Sitterly (1970). See the di scussion in Gaydon (1968). 

q. Graphite is selected as the standard reference state for carbon. However, there is considerable variation in the measured values of the 
low·temperature heat capacity and en tro py, depending upon the source and nature of the graphite sa mple. See DeSorbo 11955), DeSorbo 
and Nichols (l958), DeSorbo and Tyler (1953). We have used the measurements of DeSorbo and Tyler on Acheson spectroscopic graphite, 
corresponding to the material used for the determination of the heat of formation of CO,(g). 

r. Calc ulated using DoICO) = 89595 ± 30 cm- I from Douglas and M0 11 er (1955) , assuming the products are C("Po) and O("P,). 

s. Heat of formation uf CO(g) from co mbu stion meas urements of Ross ini 11931, 1939), Awbery and Griffiths (1933), and Fenning and COIIOIl 
(1933), and equi librium measurements by Smith (1946), Neumann and K;;hler (1928), Peters and Mobius (1958). and Meyer and Scheffer 
(1938). 

I. Heat of furmation from Prosen and Ross ini (1944), Hawtin , Lewis, .\{oul, and Phillips (1966) , Dewey and Harper (938), .I essup 11938), 
and Lewi s. Frisch, and Margrave (1965). Much uf the uncertainty relates to the differen ce in the various samples of p;raphite that have 
been studied. 
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