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Abstract  - Data on the thermodynamic p roper t i es  o f  substances 
published i n  the  reference books o r  s tored i n  the  computer memory 
should s a t i s f y  two requirements - the  recommended data should be 
r e l i a b l e  w i t h i n  the  frame o f  t he  modern knowledge and these data 
should be given f o r  a comprehensive se t  o f  elements and t h e i r  
compounds. Taken i n t o  considerat ion these requirements some 
reference books and two data banks are compared and discussed. 

During the  l a s t  decades the  methods o f  thermodynamics have been f i n d i n g  more and more 
appl icat ions i n  the i n v e s t i g a t i o n  o f  var ious processes and c rea t i on  o f  new technologies. The 
development o f  new methods o f  p rov id ing  mankind w i t h  energy, t he  choice o f  t he  optimum paths 
o f  u t i l i z a t i o n  o f  t he  raw mate r ia l  resources and reprocessing o f  i n d u s t r i a l  wastes, t he  
precautionary measures f o r  preventing environmental pollution and fo recas t i ng  the  a f t e r - e f f e c t s  
o f  accidents, i nc lud ing  t h o s e i n  nuclear power s ta t i ons ,  could no t  have been achieved wi thout  
a preliminary analys is  based on thermodynamic i nves t i ga t i ons .  A l l  t h a t  makes essent ia l  a 
f u r t h e r  study o f  t he  thermodynamic p roper t i es  o f  i n d i v i d u a l  substances and the  accumulation 
o f  ava i l ab le  data, t h e i r  c r i t i c a l  analys is ,  processing and systemization i n  a form 
acceptable t o  s c i e n t i s t s  and engineers working i n  var ious branches o f  science and 
technology. The c o l l e c t i o n  o f  t he  ava i l ab le  data concerning the  thermodynamic p roper t i es  o f  
substances a f t e r  analys is ,  processing and se lec t i on  o f  t he  recommended values must be issued 
i n  the form o f  p e r i o d i c a l l y  updated and e a s i l y  accessible reference books o r  s tored i n  data 
centers i n  computer memories from whence these data could be obtained v i a  communication l i n e s  
o r  on magnetic c a r r i e r s .  

Reference data on the  thermodynamic p roper t i es  o f  substances, publ ished i n  p r i n t  o r  s tored i n  
databases, should s a t i s f y  the  f o l l o w i n g  requirements: 

1. The recommended data should be selected as the r e s u l t  o f  c r i t i c a l  ana lys i s  o f  a l l  data 
publ ished i n  the l i t e r a t u r e  , us ing co r rec t  methods o f  processing the  primary in format ion and 
the  c a l c u l a t i o n  o f  the thermodynamic proper t ies.  

2. The recommended values o f  t he  thermodynamic p roper t i es  should represent a system o f  
mutual ly  cons is tent  q u a n t i t i e s ,  i nc lud ing  consistency o f  t he  thermochemical data and the  
thermal funct ions.  

3. The recommended values should be based on fundamental constants, key thermochemical 
values, and atomic weights recommended by appropr ia te i n t e r n a t i o n a l  organizations. 

4 .  For a l l  recommended values, an estimate o f  t h e i r  r e l i a b i l i t y  should be given. 
5. B r i e f  t e x t s  should be ava i l ab le  devoted t o  the  evaluat ion and c a l c u l a t i o n  o f  t he  

recommended q u a n t i t i e s  and an estimate o f  t h e i r  unce r ta in t i es .  
6. B ib l iography o f  a l l  papers used i n  the  preparat ion o f  t he  reference data should be 

ava i l ab le .  
7 .  The values o f  the recommended p roper t i es  should be given f o r  a wide and l o g i c a l l y  

chosen set  o f  substances. 

The e x i s t i n g  reference books could be d i v ided  i n t o  two types: t he  so c a l l e d  c r i t i c a l  
reference books and compilat ion, secondary and even t e r t i a r y  handbooks. C r i t i c a l  reference 
books, t he  number o f  which i n  the  world l i t e r a t u r e  i s  extremely l i m i t e d ,  are based on a 
c r i t i c a l  analys is  o f  primary l i t e r a t u r e  and independent ca l cu la t i ons  o f  t he  recommended 
values o f  the thermodynamic proper t ies.  They have t o  sa t i s f y  most o f  the requirements formulated 
above. The f i r s t  such pub l i ca t i ons  were "The I n t e r n a t i o n a l  C r i t i c a l  Tables" and the  reference 

. book by Bichowsky and Rossini.  

Compilation handbooks form the  main p a r t  o f  t he  reference l i t e r a t u r e  on thermodynamic 
p roper t i es  o f  substances. They are based no t  on an ana lys i s  o f  o r i g i n a l  papers and 
independent ca l cu la t i ons ,  bu t  whol ly  o r  t o  a considerable extent  on the reproduction o f  data 
from other  reference publ icat ions,  f requen t l y  from several o f  them, o r  they use u n c r i t i c a l l y  
data publ ished i n  pe r iod i ca l s .  I n  these reference books the re  i s  no i n t e r n a l  consistency o f  
t he  recommended values and inconsis tent  values are given f requent ly .  
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I n  t h i s  review we propose t o  r e s t r i c t  t he  discussion t o  reference books and data banks 
deal ing w i t h  such p roper t i es  as heat capacity, heat content, entropy, and f r e e  energy 
func t i on  as we l l  as enthalpy o f  formation, enthalpy o f  phase t r a n s i t i o n s ,  d i s s o c i a t i o n  
energy, i o n i z a t i o n  p o t e n t i a l ,  and e l e c t r o n i c  a f f i n i t y  o f  inorganic  and simple organic 
substances. 

The c r i t i c a l  
d i v ided  i n t o  two types, according t o  t h e i r  content. Reference books, i n  which the  p roper t i es  
of substances a t  298.15 K and the  phase t r a n s i t i o n  temperatures are presented, belong t o  the  
one type, Those conta in ing the  thermodynamic p roper t i es  over a wide range o f  temperatures 
belong t o  t h e  other  one. The best known reference books o f  t he  f i r s t  type are those 
prepared i n  t h e  Nat ional  Bureau o f  Standards o f  t he  USA and i n  the Academy o f  Sciences o f  t h e  
USSR. 

The book "The NBS Tables on Chemical Thermodynamics" ( r e f .  1) contains data on thermodynamic 
p roper t i es  a t  298.15 K f o r  about 9000 substances i n  the  s o l i d ,  l i q u i d ,  gaseous s tates,  and 
aqueous so lu t i ons  as we l l .  During the  preparat ion o f  t h i s  book the  authors have thoroughly 
analyzed a l l  t he  primary l i t e r a t u r e  and a l so  developed the  method a l lowing t o  obta in ,  w i t h  
the  help of a computer, t he  system o f  i n t e r n a l l y  cons is tent  values o f  thermodynamic 
p roper t i es  f o r  a l l  compounds o f  t he  chosen element. The method, based on c rea t i ng  a cata log 
of t he  invest igated chemical reactions, i s  a program f o r  t he  s o l u t i o n  o f  t he  redetermined 
system of t h e  corresponding l i n e a r  equations, enabl ing one t o  determine t h e  requi red 
thermochemical q u a n t i t i e s  and t h e i r  unce r ta in t i es .  

Unfortunately, t h i s  reference book does n o t  inc lude data on phase t r a n s i t i o n s  and 
polymorphous transformations, i n  contrast  t o  i t s  well-known previous e d i t i o n  "The NBS 
C i r c u l a r  500". The b ib l iography i s  also missing. 
elements are being consequently prepared i n  the  Chemical Thermodynamics Data Center o f  NBS. 
The cata logs are supposed t o  be published together w i t h  the  b ib l iography.  The catalogs f o r  
elements from oxygen through n i t rogen  (standard thermochemical order) ,  a l k a l i  metals and 
lanthanum have been prepared and w i l l  be publ ished i n  the  next f u tu re .  Catalogs on r a r e  
ea r th  elements are envisaged next. 

The reference pub1 i c a t i o n  "Thermal Constants o f  Substances'' ( r e f ,  2) ,  prepared under the  
d i r e c t i o n  o f  Academician V.P.Glushko i n  IVTAN and V I N I T I  w i t h  the  p a r t i c i p a t i o n  o f  many 
Soviet  s c i e n t i s t s ,  i s  t he  most complete p u b l i c a t i o n  o f  t h i s  type. I n  i t s  coverage o f  
substances (more than 25,000) and proper t ies,  it considerably exceeds other  similar 
publ icat ions,  and du r ing  i t s  preparat ion a l l  t he  requirements formulated above were 
s a t i s f i e d ,  except f o r  t he  t h i r d  and f i f t h .  A t  present, t he  Hemisphere Publ ish ing Corporation 
i s  completing the  preparat ion o f  an English vers ion o f  t h i s  book. 

While preparing these two books dur ing the  l a s t  10 years, t he  authors from NBS and I V T A N  have 
been working i n  permanent contact, exchanging b ib l i og raph ies  and l i t e r a t u r e  data and reviewing 
the  most questionable ones. This has ass is ted i n  raising the  l e v e l  o f  both pub l i ca t i ons  and 
e l i m i n a t i n g  some e r ro rs .  These two books are based on d i f f e r e n t  se ts  o f  key thermochemical 
values. Thus the  recommended values i n  these publ icat ions,  s t r i c t l y  speaking, are 
incompatible although i n  the  m a j o r i t y  o f  cases they are c lose t o  one another. 

The reference books "Thermodynamic Proper t ies o f  I n d i v i d u a l  Substances'' and "The JANAF 
Thermochemical Tables", prepared i n  the  USSR and t h e  USA, are c r  i t i ca l  reference 
pub l i ca t i ons  o f  t he  second type. Both o f  them inc lude the r e s u l t s  o f  long term p ro jec ts .  
Being destined f i r s t  t o  a s s i s t  i nves t i ga t i ons  o f  rocket-space technology, they both soon have 
developed beyond t h i s  framework, p rov id ing  s p e c i a l i s t s  from d i f f e r e n t  branches o f  science and 
engineering with necessary information. Rates o f  t h e i r  development dur ing the  per iod o f  more 
than 20 years are shown i n  Table 1. 

During the  preparat ion o f  a l l  t he  th ree  edit ions o f  t he  reference book "TPIS"  ( re f ,  3, 4, 5 )  
a t t e n t i o n  was p a i d  t o  the  development of methods ofcalculat ions-of the thermal functions of  
gases, methods of processing primary experimental data and semi-empirical methods o f  
est imat ing constants, necessary f o r  the evaluat ion and calculat ion o f  thermodynamic p roper t i es .  

reference pub l i ca t i ons  on the  thermodynamic p roper t i es  o f  substances could be 

A t  present, t he  react ion catalogs f o r  a l l  



Reference books and data banks on thermodynamic properties 1029 

A t  the same time, a complex o f  measurements o f  molecular, thermochemical and 
thermodynamic constants was organized, requi red f o r  ca l cu la t i ons  o f  the thermodynamic 
p roper t i es  o f  substances i n  a wide temperature range. Many labo ra to r ies  i n  the USSR 
have p a r t i c i p a t e d  i n  these experimental i nves t i ga t i ons  f o r  more than 30 years. 

Already i n  the 1956 e d i t i o n ,  f o r  the f i r s t  t i m e  i n  the l i t e r a t u r e ,  the t o t a l  i n t e r n a l  
consistency o f  a l l  recommended values was achieved, i nc lud ing  the consistency o f  
thermochemical q u a n t i t i e s  and thermal funct ions.  I n  the 1962 e d i t i o n  f o r  the f i r s t  
t i m e  the unce r ta in t i es  o f  a l l  recommended values, i nc lud ing  the tab les o f  thermal 
funct ions,  were estimated. I n  f a c t ,  t h i s  e d i t i o n  s a t i s f i e d  a l l  the requirements f o r -  
mulated above. However, on ly  a small se t  o f  compounds o f  31 elements was considered i n  it. 

During the  preparat ion o f  t he  t h i r d  e d i t i o n  i n  4 volumes ( r e f .  5)  a number o f  methods and 
Programs were  advanced. This was necessitated, i n  p a r t i c u l a r ,  bv the i nc lus ion  o f  compounds 
o f  d- and f-elements i n  t h i s  e d i t i o n .  These methods allowed us t o  increase the accuracy o f  
ca l cu la t i ons  of  the thermal f unc t i ons  o f  gases, as w e l l  as t o  est imate c o r r e c t l y  the r e l i -  
a b i l i t y  o f  the calculated quanti t ies, even when the data on the molecular constants were absent. 
I n  Table 2 the values o f  entropy of UO(g), ca lcu lated i n  TPIS ( re f .5 )  using estimated molecular 

constants as we l l  as ca lcu lated by Pedley and Marshall  ( r e f .  16) using t h e i r  own est imat ion,  
are compared w i t h  those ca lcu lated i n  IVTANTERMO data bank using the  r e s u l t s  o f  UO spectrum 
inves t i ga t i ons  i n  the  Thermocenter o f  t he  USSR Academy o f  Sciences i n  1985-87. One can see i n  
the  Table t h a t  t he  values o f  S (UO,g), ca l cu la ted  i n  TPIS i n  the  absence o f  the experimental 
data agree f a i r l y  w e l l  with the  new ca lcu la t i ons  w i t h i n  the  whole temperature range. 

A t  present, the preparation o f  the f i f t h  volume o f  t h i s  r e f e r e n c e  book i s  being completed. 
The volume inc ludes about 300 compounds o f  s i x  more elements (Mn, Fe, Co, N i ,  Cu, Zn), as 
we l l  as add i t i ona l  compounds o f  Ge, Sn, Pb, T i ,  C r  and 40-50 updated tab les  from volumes 1 
and 2.  The renewal o f  a l l  ma te r ia l s  o f  previous e d i t i o n s  i s  the p e c u l i a r i t y  o f  TPIS. Now 
the Hemisphere Publ ish ing Corporation i s  preparing the  p u b l i c a t i o n  o f  t he  book "Thermodynamic 
Proper t ies o f  I n d i v i d u a l  Substances" i n  English. The Engl ish e d i t i o n  w i l l  be modi f ied and 
updated t r a n s l a t i o n  as thermodynamic p roper t i es  f o r  many substances are recalcu lated using 
experimental data publ ished i n  1978-87. It w i l l  conta in  data f o r  56 elements and more than 
1300 compounds. We hope t h a t  the l a s t  volume o f  the English ed i t i on  w i l l  be publ ished veryoon 
soon a f t e r  t h e  pub l i ca t i on  o f  t h e  f i f t h  volume o f  t h e  Russian e d i t i o n .  

The reference book "The JANAF Thermochemical Tables" i s  t he  development o f  a number o f  
p r o j e c t s  c a r r l e d  out  i n  the  USA s t a r t i n g  i n  the middle o f  the f i f t i e s .  I n  the second e d i t i o n  o f  
JANAF Tables ( r e f .  7 )  t he  number o f  considered substances, espec ia l l y  i n  the  condensed s ta te ,  
s i g n i f i c a n t l y  exceeded a l l  o ther  reference books o f  t h a t  t ime. Although, s t r i c t l y  speaking, 
t he  data recommended i n  the  two l a s t  e d i t i o n s  were no t  i n t e r n a l l y  consistent,,. 
rthere were no s i g n i f i c a n t  i n t e r n a l  con t rad i t i ons  between them. Unfor tunate ly ,  an 
estimate of t he  r e l i a b i l i t y  o f  tabulated thermodynamic data i s  absent, in f a c t , i n  a l l  t h ree  
editions o f  the JANAF Tables. F o r  calculating the thermal f unc t i ons  of gases i n  the  JANAF Tables, 
approximate methods and d i f f e r e n t  approaches were used i n  many cases. The thermal f unc t i ons  
o f  diatomic gases were ca lcu lated by the  method o f  Mayer and Goeppert-Mayer. As a 
e r r o r s  f r e e  energy func t i on  and 
enthalpy content o f  many gases which molecules have a multiplet ground s ta te ,  and a t  elevated 
temperatures i n  the  ca lcu lated values o f  entropy, heat capaci ty  and heat content o f  gases 
which have d i ssoc ia t i on  energies below 250 kJ/mol. Some inconsistency e x i s t s  as a r e s u l t  o f  
d i f f e r e n t  approachesin the calculation of  e l e c t r o n i c  p a r t i t i o n  func t i ons  o f  monatomic, diatomic 
and polyatomic gases. I n  the  course o f  preparat ion o f  t he  second and t h i r d  e d i t i o n s  some 
tab les  were adopted from previous ed i t i ons .  Thus, i n  the  l a s t  e d i t i o n  the tab les  o f  p roper t i es  
ca l cu la ted  i n  1962-75 remained f o r  some substances,though they are based on wrong data. 

Due t o  the  large amount o f  data i n  both books (TPIS and JANAF),the p r o b a b i l i t y  o f  acc identa l  
e r ro rs  i n  ca l cu la t i ons  i s  q u i t e  high, expec ia l l y  t ak ing  i n t o  account t h a t  the 
whole procedure f o r  preparing the tab les was no t  completely automatic and computerized. 

r e s u l t  
appeared a t  l o w  temperatures i n  ca lcu lated values o f  a 

analys is  and 
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As a r e s u l t  i n  TPIS ( r e f .  5 ) ,  f o r  example, the thermal funct ions o f  02(g) below and 
above 6000K disagree: one se t  o f  molecular constants was adopted f o r  methyl 
alcohol i n  t h e  t e x t ,  whi le  the ca l cu la t i ons  were done using another, l ess  accurate, se t  o f  
constants. I n  the l a s t  e d i t i o n  o f  the JANAF Tables ( r e f .  8)  dur ing the reca lcu la t i ons  o f t h e  
t i t a n i u m  d i c h l o r i d e  thermal funct ions f r o m  ca lo r i es  t o  j o u l e s  the enthalpy o f  f us ion  was kept 
i n  the o l d  u n i t s .  I t  i s  d i f f i c u l t  t o  understand the source o f  e r r o r s  i n  the ca lcu lated thermal 
f unc t i ons  o f  gaseous monatomic zirconium over the  whole temperature range, though they were 
co r rec t  i n  the previous e d i t i o n  o f  JANAF, see Table 3. 

An important p a r t  o f  THERMODATA i s  t h e  complex o f  software p rov id ing  v i a  communication l i n e s  
t h e  in format ion s tored i n  the  databases as we l l  as ensuring var ious thermodynamic 
ca l cu la t i ons .  The l a t t e r  va r ies  from ca lcu la t i ons  o f  thermodynamic parameters f o r  some 
chemical react ions t o  ca l cu la t i ons  o f  phase diagrams f o r  multicomponent systems. Though the 
main THERMODATA's o r i g i n a l  task was t o  s a t i s f y  demands o f  me ta l l u rg i ca l  i ndus t r y  o f  Western 
Europe, today THERMODATA has accumulated data enabling solution of  Various problems to be achieved. 

The computerized system "IVTANTERMO" ( r e f .  14,  15)  contains numerical data on the 
thermodynamic p roper t i es  o f  i n d i v i d u a l  substances w i t h i n  a wide temperature range. The data 
are i n te rcons is ten t  w i t h i n  the  framework o f  t h e  bas ic  laws o f  thermodynamics and the  
r e l i a b i l i t y  o f  a l l  t h e  recommended values i s  estimated. The recommended values are ca l cu la ted  
using constants chosen as a r e s u l t  o f  c r i t i c a l  analyzing and processing o f  a l l  primary 
data from the  l i t e r a t u r e .  The corresponding processing and ca l cu la t i ons  are performed us ing a 
se t  o f  methods and programs created du r ing  the  preparat ion o f  t he  reference book 
TPIS ( r e f .  4 ,  5 )  and were developed l a t e r  by i t s  authors. 

The IVTANTERMO system consis ts  o f  a se t  o f  databases and programs. IVTANTERMO p resen t l y  
performs the  f o l l o w i n g  funct ions:  
- storage and processing o f  primary numerical data t o  ob ta in  constants requi red 

c a l c u l a t i o n  o f  thermodynamic p roper t i es  i n  a wide temperature range; 
- c a l c u l a t i o n  o f  t he  thermodynamic p roper t i es  o f  i n d i v i d u a l  substances i n  the  s o l i d  

and gaseous s tates;  - assessment o f  t h e  r e l i a b i l i t y  o f  the primary data and recommended values; 
- supplying the users w i t h  requested data. 

In format ion from IVTANTEHMO may be obtained on magnetic tapes f o r  a subsequent 
data t o  t h e  user 's  computer (on f loppy-discs f o r  PC compatible w i t h  IBM PC AT, since 
v i a  telecommunication channels i n  an i n t e r a c t i v e  mode. 

f o r  t h e  

1 i q u i d  

nput o f  
989) o r  

The in format ion on the  magnetic c a r r i e r s  consis ts  o f  t h e  database and the  program system. 
These u t i l i t i e s  enable us to obtain a catalog o f  substances, tables o f  thermodynamic properties and 
equations approximating thermal f unc t i ons  o f  substances i n  the  wide temperature range as we l l  
as t o  ca l cu la te  the  thermodynamic parameters o f  any react ion,  the composition and p roper t i es  
o f  a r b i t r a r y  mult ielement systems. 

The IVTANTERMO database i s  r e g u l a r l y  expanded and updated by i nc lud ing  chemical 
elements and substances no t  considered before as we l l  as by co r rec t i ng  the  accumulated data. 
The r a t e  o f  development o f  IVTANTERMO i s  shown i n  Table 4. 

One can see (the same holds f a r  THERMODATA) t h a t  t he  r a t e  o f  development o f  computerized 
systems i s  higher than t h a t  o f  the preparat ion o f  c r i t i c a l  reference books, such as 
TPIS and JANAF. However, they have one shortcoming. Users get  t he  numerical data from the  
database as from t h e  "b lack box", p r a c t i c a l l y  wi thout  any accompanying information. 
THERMODATA notes on ly  t h a t  the data are adopted from JANAF o r  any other  source, o r  are 
ca lcu lated by THERMODATA. IVTANTERMO postu la ted t h a t  a l l  i t s  recommendations are based on a 
c r i t i c a l  analys is  and t h e  ca l cu la t i ons  c a r r i e d  ou t  by the  exper ts  o f  THERMOCENTER. 

TABLE 4.The increase i n  in format ion presented i n  the  IVTANTERMO Database 

Number o f  1983 1985 1987 1990 

E 1 emen t s  56 6 1  78 85 
Substances: 
t o t a l  1350 1650 1950 2300 
i n  gaseous s t a t e  1300 1600 1900 2200 
i n  condensed s t a t e  350 425 530 600 

....................................................................... 

....................................................................... 

....................................................................... 
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I n  contrast  t o  the  reference books JANAF and TPIS,  t he  numerical data i n  THERMODATA and 
IVTANTERMO are no t  accompanied by a t e x t  descr ib ing the analys is  and ca l cu la t i ons .  
In format ion about the constants used i n  t h e  ca l cu la t i ons  o f  thermodynamic p roper t i es  i s  
a lso absent. 

A complete b ib l iography o f  papers deal ing w i t h  the  i nves t i ga t i ons  o f  p roper t i es  o f  a given 
substance can be received from THERMODATA separately, bu t  as f a r  as i t  i s  known, wi thout  
any i n d i c a t i o n  what +qformation was used i n  the evaluat ion procedure. Thermocenter 
supply the  tab les  o f  thermodynamic p roper t i es  accumulated i n  IVTANTERMO bases w i t h  b r i e f  
t e x t s ,  values o f  t he  constants used i n  the ca l cu la t i ons  and b ib l iography,  bu t  no t  
before 1991. 

I t i s  obvious t h a t  t he  number o f  substances presented i n  the databanks-of THERMODATA and 
IVTANTERMO i s  i n s u f f i c i e n t  t o  s a t i s f y  s c i e n t i s t s  and engineers today, espec ia l l y  i f  we take 
i n t o  account t h a t  both databanks conta in  in format ion mainly on the same substances. This i s  
why i t  i s  des i rab le  t o  have an i n t e r n a t i o n a l  program f o r  c rea t i ng  computerized data system on 
thermodynamic propert ies o f  the individual substances. Such project may allow t o  d i v i d e  the  work 
among many persons and t o  speed t h e  task of  producing a comprehensive and r e l i a b l e  data system 
using the experience accumulated by CODATA TG on CTT and such databanks as THERMODATA, 
IVTANTERMO, and databank a t  Texas Un ive rs i t y .  

w i l l  
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