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A study a t  t h e  National Bureau of Standards (NBS) 
of which this  i s  t h e  f i f t h  progress report ,  has been under- 
taken t o  meet t he  need of  t h e  National Aeronautics and Space 
Administration (NASA) f o r  thermodynamic Information on 
biologically re la ted  mater ia ls  important t o  t h e  space program 
f o r  several  reasons. 
of Inferring t h e  maximum amount of useful chemistry of in- 
completely accessible environments, f o r  which only l imited 
Fnformation is  available, t h e  poss ib i l i t y  of t h e  occurrence 
of organic compounds na tura l ly  synthesized under primitive 
conditions, and t h e  poss ib i l i t y  of t heo re t i ca l ly  recovering 
par t  o f  t h e  prebiological h i s to ry  of t he  earth. 

Among these reasons a re  t h e  necessi ty  

, 

This program i s  being car r ied  out under t h e  technical  
supervision of Dr .  George Jacobs of NASA, and with t h e  
consultation o f  Dr .  Harold Morowitz o f  t h e  Yale University, 
Department o f  Molecular Biology and Biophysios, and 
Dr.  C. W. Beakett of t h e  Heat Division, I n s t i t u t e  f o r  Basic 
Standards (NBS) . 
i n i t i a t ed  1 May 1961, and extended 29 Apri l  1965, The program 
was extended by Amendment 1 f o r  an addi t ional  year, beginning 
1 Ju ly  1965. 
ext ended cont r ac t  a 

The contract  (Contract No. R-138) was 

This report  aovers t h e  f irst  quar te r  o f  t h e  

George-T, Armstrong c 
Supervisory Chemist 
Pro j ect Leader 

i 
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In t  rodudion 

The survey of  thermodynamic data on the compounds of  the  
elements C-H-N-0-P-S which had been in progress f o r  a year a t  
the  b e g h i n g  of the  quarter f o r  which t h i s  report  i s  written, 
had not yet provided a complete survey of t he  thermodynamic 
data available, and is  being continued f o r  an addi t ional  year. 
On September 1* a meeting fo r  review and planning f o r  work in 
t h i s  area was held a t  the  NASA Headquarters, 
memorandum outlining the  ac t iv i ty  a t  t he  meeting i s  attached 
f o r  hformation a s  Appendix I. 

A brief ,  informal 

Most of t he  work which was carried on during the  first 
year of  the  program was summarized and tabulated i n  
NBS Reports 8521, 8591, 8641 and 8906, 
way i n  t h i s  quarter  has not yet resul ted in any completed new 
reviews. 
heat capacity data on several important compounds of  the 
group of in te res t  a re  outlined in  t h e  section beginning on 
page 2. 

The current work under- 

The p a r t i a l l y  completed l i t e r a t u r e  reviews o f  t he  

1 
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Literature  Survey and Analysis of Low-Temperature 

Heat-Capacity Data on CHNOPS Compounds 

Mary K. Buresh, Marth L. Re i l ly  and George T. M a w a  

Analysis of heat-capacity data  on t h e  following substances has been 
in progress: 

urea, cyanogen, glycylglycine, alanylglycine, leucylglycine, 
hippuric acid, hippurylglycine, creatine,  creat lne hydrate, 
c r e a t h i n e ,  guanidine carbonate, hypoxanthine, xanthine, 
uric acid, adenine, guanine, a l lantoin,  alloxan, and taurine.  

It is  expeoted tha t  t he  analysis  on most of t he  above substances w i l l  be 
completed during the  next quarter. 

A systematic compilation of a bibliography on heat-capacity data  of 
ammonia, carbon diod.de, and water i s  being made, 
examlned thus f a r  a r e  l i s t e d  i n  t h e  following section, 
probably 30 percent complete. 

The l i t e r a t u r e  data 
The list i s  

Notations used t o  indicate  t h e  type of data found, experimental 
conditions, physical s t a t e  of  t h e  substance, etc. a r e  defined a s  follows: 

c =  

(c) = 
(cal)  = 

(emf) = 

(4 = 
g =  
e =  

(R) = 
(satd)  = 

t c  = 
tc-  = 

t c j  = 
tok = 
t h  = 

c rys t a l l i ne  phase 
calculated from spectroscopic and molecular data  

calculated f rom calor imetr ic  data  obtained on t h e  
condensed phases, heat of vaporization, and oompression, 
and adjusted f o r  non-ideality of t h e  gas 

calculated from emf measurements on chemical c e l l s  and 
other  data 

calculated from chemical equilibrium data  

gas phase 

l i qu id  phase 

review 
under saturat ion pressures uorresponding t o  temperature T 
heat capacity 

mean heat capacity over a broad range of  temperature 

heat capacity a t  constant volume 

r a t io  o f  t h e  heat capacity, CdC, 
enthalpy ( re la t ive)  

2 
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Li tera ture  Survey of Heat-Capacity, Enthalpy, and Entropy Data 

on Ammonia, Carbon Dioxlde, and Water 

Physical 
St a t  e 

Year 
Published 

1862 
1904 
1905 
1905 
1913 

1915 
1916 
1916 
1917 
1918 
1920 
1924 
'1 nqr 
A 7 6 2  

1925 

1925 

1925 

1926 
1929 
1932 
193 7 

193 8 

Ammonia, NH?, 17.03061 

Type of Data Entropy a t  

Temperature Range cal/deg-mol 
and 298.15OK 

tc-, 293-468 
tc-, 85-170 
tc-, 85-170 
tc-3 85-170 
th, 230-364 

(7*43-761,4 lb/Fn2) 
tc-, 492-878 
th ,  228-255 (R) 

th ,  228-255 (R) 

t c ,  227-319 
tc, 227-319 
tc ,  303-398 
tc ,  25-221 
t z y  %0-323 

(0-20 atm) 
tc, 193-288 

(20-76 m) 
tc, 240-4.23 

(0-20 atm) 

(376-15,106 rnm Hg) 
tc ,  258-423 

t c ,  273-1273 (eq,) 
t c ,  273-1200 (C) 

References 

3 
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NH3 (Cont 'd) 

Physica I Year Type of Data 
St at e Published and 

Temperature Range 

g 1939 tc, 273-423 (C) 

g 1939 

g 1952 tc, 298 ( c )  
s o h  1952 

g .  1960 th ,  400-2000 (C) 

4 

lktropy at 
298.15OK 

c a l/deg-mo 1 
References 



Carbon Dioxide, C02, 44.01015 

Physical 
S t a t e  

C 

g 
e 

Year Type of Data Entropy a t  
Published and 298.15OK 

Temperature Range cal/deg-mol 

1862 tc-, a 3 4 3  
1904 tc-3 85-195 
1905 tc-, 85-195 
1905 tc-, 85-195 
1909 tc, 293-373 
1913 tc-, 223-293 

~ 1913 tc-, 24-3-309 
(138-824 lbs/sq.in) 

1915 tc-, 492-878 
1916 tc, 19-201 
1919 t c ,  195-293 
1921 tck i  290 

1922 tc-, 1273-2273 (C) 

1325 tc-9 291 
(0.5-1 atm) 

1925 
1325 
1926 
1926 
1927 
1928 
1929 
1929 
1929 
1929 

1930 
193 1 
193 2 

References 

t c ,  288-1273 
t c ,  80-320 
t c ,  276-301 
t e-, 273-1273 
t c ,  273-2800 (C) 

tc-, 3173 
(50-150 atm)  
t c ,  288-I473 
t c--) 273-13 15 
t c ,  10-298 (R) 
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C02 (Cont Id) 

Physical 
S t  a t  e 

Year 
Published 

- 

193 2 
193 2 

1932 
1933 
1934 

1335 
1936 

193 7 

1937 

1938 
1945 

1’950 

1952 

1952 
1952 

1954 
1954. 
1’35 5 

1959 

Type of Data Entropy a t  

Temperature Range cal/deg-mol 
and 298.15OK References 



C02 (Cont'd) 

Physical Year Type of Data Entropy at 
St at e Published and 298.15OK References 

Temperature Range cal/deg-mol 

g 1359 th, 423-923 (R) 
(0-200 atm) 

g 1960 thp 291-322 
(1050-1200 P O S * I ~ E L J  

g 1960 th, 298 (R) 51,10(g) (R) 211 
g 1960 th, 4OC-5000 (C) [631 
g 1962 th, 313-1273 (C) S(g,313)=51,488 (C) [loll 

(1-3.400 bars) (1 bar) 

7 



Physical Year 
S ta t e  Published 

C 1845 

g 
C 

L 
L 

e 
L 

C 

C 

C 

C 

L 

C 

C 

L 
e 

t (tap wster) 

g 
a 

g 
L 

g 

g 

1862 
1864 
1871 
1900 
1902 
1902 
1904 
1905 
1905 
1911 
1911 
1913 
19 15 
1915 
1917 
1917 
1922 
1925 
1927 
1928 
1929 
1929 

Water, 18mO1534 

Type of Data Entropy a t  

Temperature Range cal/deg-mol 
and 298 6 15 O K  

single value 
no temp, range 

tc-3 283-489 
tc-, 195-273 (R) 
t c ,  373 
t o ,  278-368 
tc-, 268-293 
t c ,  278-368 
to-, 21-291 
tc-, 21-255 
tc-, 21-255 
t c ,  83-266 
t c ,  273-353 
t c ,  22-87 
tc-, 227-273 
t c ,  272-311 
tc-, 286-328 
tc-, 286-327 
tc-, 1273-2273 ( C )  

th ,  90-290 
tc, 373-1273 (C) 

15992 f0.02(&) (R) 
t c ,  273-2800 (C)  

tc-, 289-3000 (C)  
(50-150 atm) 

t c ,  195-270 
t o ,  195-298 
th ,  273-543 
th ,  273-543 

8 



H20 (Cont 'd) 

Physical 
S t a t e  

Year 
Published 

1932 
1932 
1932 

133 2 

1933 
1933 
1933 
1933 
1933 

1934 
1934 
1935 
1936 

2-93? 

193 7 

193 7 
1938 
1938 
1939 
1939 
1939 
1939 
1940 
1941 
1945 

t c ,  6-10 

tc, 5.65-9097 

9 



H20 (Cont'd) 

Physical 
S t a t e  

Year 
Published 

1945 

1949 

1949 

1950 

1952 

1952 

1952 

1953 

1953 

1954 
1954 

1955 

1957 

1957 

1958 

1958 

1358 

1958 

1958 

1958 

1958 

Type of Data Entropy a t  

Temperature Range cavdeg-mol 
and 298 15  OK 

t c ,  298-3000 (C) 45,106(g) (C) 
th ,  298-3000 ( C )  

t c ,  273-373 (R) 
t c ,  313-343 
t c ,  500-5000 (C)  S0(g,500) - 
th ,  500-5000 (C) 499344 ( C y  

t c ,  298 (R) 16.716 (4) (R) 

t c ,  298 (C) 45.106(g) (C) 
t c ,  362-487 

(92-760 D) 

t c ,  273-373 (R) 
th ,  273-373 (R) 

tc, 373 (c) 
to ,  50-5000 (C) S(g,300)45.137 (C) 

t a ,  400-3000 (R) 

t o ,  50-1150 (C) s(g8300)45.154 (C) 
(1-100 atm) 

(1-100 atm) 
th ,  50-1150 (C) 

t c ,  507-655 

tc, 556-959 
(300-500 kg/cm2) 

t c ,  507-655 

t c ,  556-959 
(300-500 wan2) 
t c ,  556-959 

(300-500 kg/m2) 
tc, 556-959 

(300-500 kg/cm2) 

(550-700 kg/cm2) 

t o ,  50-5000 (C) 

(8.076-214.68 kg/cm2) 

t o ,  557-972 

t o ,  443-643 (R) 

10 
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H,O (Cont 'd) 
L 

Physical 
S ta t  e 

Year 
Published 

1958 

1958 

195 8 
195 8 

195 9 
1959 
1959 

1959 

1959 
195 9 

1359 

1960 

1960 

1960 

1960 

1960 

1960 
1960 
1960 

1960 

1960 

Type of Data Entropy a t  

Temperature Range cal/deg-mol 
and 298.15OK References 

th, 473-1273 (R) 
(100-1000 atm) 

t c ,  573-873 
(20-500 kg/cm2) 

c 611 

th ,  720-823 
(199.5-404.5 kg/cm2) 

tc,  373-923 (R) 
(1-700 kg/W2) 

t c ,  275-301, 
(0-39.786 & s a U y )  

t c ,  2-27 
th ,  350-373 (R) 
tc, 273-613 (y 
t c ,  273-613 (C) 

t c ,  285-774 

(0.006Z€l-~,96 k cm 

(26-500 kg/cm2) 

th ,  298 (R) 
th ,  400-5000 (C) 

th ,  473-873 
(5-225 kg /w2)  

( 293-500 kg/m2) 
tc,  613-773 (R) 

t c ,  736-872 
(300-500 kg/cm2) 

[ 221 
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H20 (Cont'd) 

Physical Year 
S t a t e  Published 

A& 1961 

g 1962 

4, (satd)  1963 

Type of Data Entropy a t  

Temperature Range cal/deg-mol 
and 298.15OK 

t c ,  333-1273 (R) 
(0-1000 kg/cm2) 

t c ,  323-725 
t c ,  578-775 

t c ,  620-869 
(125-275 kg/crn2) 

(60-225 kg/cm2) 

(Oa036-a5.63 x Id d2) 

(O.OO&?l5.63 x 16 dm? 

t c ,  273-6.4.5 

t c ,  273-Q.5 

12 
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UNITED STATES GOVERNMENT 

Memorandum 
TO : Project 221-0429 F i l e s  

U.S. DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 1 

I DATE: September 2, 1965 
I 

SUBJECT: Meeting on CHNOPS program progress 
a t  NASA Headquarters, 
September I, 1965 

Present a t  t he  meeting were 

Profr H, A. Morowitz - Yale University, 
D r ,  Goel - Yale University and University of  Maryland 
Drs. C. W. Beckett, Go T. Armstrong and G. T, Furukawa, NEB 
D r s .  M. 0. Dayhoff, R, V. Eck, and one other from 

Prof. E. R. Lippincott - University of Maryland 

presiding 

National Biomedical Research Foundation 

Dr. fieeman Quimbg - NASA 

The meetkg  consisted of presentations by each of t he  groups present in 
which they discussed t o  a greater  o r  l e s s  extent tasks  performed, present 
statu, d i f f i c u l t  problems, and modes of act ion In the  future. 

Armstrong and Furukawa s tar ted with a description of the  work a t  t he  NBS 
on the  l i t e r a t u r e  search and evaluation of thermodynamic data. 

Margaret Dayhoff f o r  NBRF described calculations of equilibrium compositions 
which were plot ted on a CHO triangle. 

Richard Eck described calculations of  planetary atmospheres, in which t h e  
atmosphere of  t he  Earth and Jupi ter  a r e  shown t o  be not a t  equilibrium, The 
data  f a r  the  compositions of t he  atmospheres of Venus and Mars are  hadequate  
f o r  de f in i t i ve  statements, but no Fnformation available i s  inconsistent with 
equilibrium atmospheres, 

E l l i s  Lippincott described an experimental study of electrode discharge 
processes Fn atmospheres selected f r o m t h e  NBRJ? char ts  i n  which the  formation 
of aromatic hydrocarbons (asphalt line) was confirmed, 

Harold Morowitz proposed phospholipids (phosphate-fatty acid mixed es t e r s  of  
glycerol) a s  an important group o f  ubiquitous compounds. 
ingredients of the  c e l l  membrane, forming a layer  
layer  of p r o t e h  on each sideo The primitive character of these l i p i d s  i s  
infer red  by Morowitz from the  fact  t h a t  they a re  non-specific with respect 
t o  f a t t y  acids. 

They a r e  ubiquitous 
N.OAO th ick  bounded by a 

(Various f a t t y  acids can be substi tuted a t  random.) 
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Harold Morowitz presented a p ic ture  of non-equilibrium and t h e  formation 
of excessive amounts of higher-than-equilibrium quant i t ies  of  complex 
compounds a s  a na tura l  consequence of t h e  f ac t  t ha t  t h e  ear th  l i e s  a s  an 
intermediate between an energy source ( the  sun) and an energy sink 
(outer space) 

The meeting was brought t o  a c lose (A t00  P.M.) by a discussion of t he  
select ion of type compounds of several  categories f o r  attempts t o  get 
a s  much thermodynamic Fnformation a s  possible, with a view t h a t  other 
compounds of the same categories would not of fe r  e s sen t i a l ly  new infomation. 

Compounds suggested were 

Glycine (heat o f  so l tn ,  vap'n) 
Thioacetlc acid Phosphoserine 

r y  Fa t ty  acids  

Phosphites and phosphates (vs. pH) 

Glycer o 1 

c 

D ribose 

Glucose 

I 

This l i s t  I s  apporent,ly not complete. 
should be exnmined for other types. 

The l ist  of ubiquitous compounds 

A t  various points i n  the  meetbg t h e  followipg thoughts were brought up! 

NBRF suggested tha t  thermodynamic Information be made 
avai lable  on tab  cards o r  tape. 

Ways o f  e s t ima thg  f r e e  energies of  formation, t h e i r  var ia t ion  
with temperature and heats  of vaporization and solution would 
be a help t o  NBW f o r  compounds lacking data. 

Because the  f l o w  o f  energy produces some highly unstable o r  
react ive compounds, a treatment i nvo lvhg  an atmosphere contain- 
ing small amounts of such compounds might be fruitful, 

(I) 

( 2 )  

( 3 )  
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