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ABSTRACT  

A computer programmed system for the estimation of physical 

properties of pure compounds from minimum data input on compound 

type and structure was developed for both gas and liquid phase con-

ditions. 

The properties of the gas phase which can be obtained include: 

• gas volume 

O compressibility 

• normal boiling point 

• volume at the normal boiling point 

O critical temperature, pressure, volume compressibility 

• vapor pressure 

• Riedel factor 

• acentric factor 

• ideal heat capacity 

• heat capacity at constant pressure 

* heat capacity at constant volume 

• dipole moment 

• intermolecular distance 

• hard sphere volume 

• viscosity at low pressure 

• viscosity at elevated pressure 

• thermal conductivity at low pressure 

• thermal conductivity at high pressure 

O isothermal enthalpy departure 



ii 
O isothermal entropy departure 

O fugacity coefficient 

O heat of vaporization at normal boiling point 

• entropy of vaporization at normal boiling point 

• heat of formation at stated temperature 

° 
O heat of formation for ideal gas at 1 atm and 293 K 

• free energy of formation for ideal gas at 1 atm and 298°K 

The properties of the liquid phase which can be computed include: 

O isothermal enthalpy departure 

O isothermal entropy departure 

• heat capacity departure 

O liquid viscosity 

o parachor 

O surface tension 

• coefficient of thermal expansion 

O density 

This work expands James P. Haggett's (30) gas physical property 

program to obtain a more flexible and shorter running pro m; ran- 

ning time Was reduced from 30 .minutes as devised by Haggett to a max- 

imum of minutes for this program. 

wly included are: 

O a liquid physical property program 

O a consolidated data input 

O a phase discriminator program 



iii 

.

 a reprogrammed gas estimation program 

a program to allow calculation of only specified phy-

sical properties from among those in Table IX, page 89 

.

 a program to allow property calculation at various tem-

perature and pressure combinations for one compound 

without having, to input the data deck again. 

The minimum input data required are the molecular structure and 

the temperature and pressure at which the properties are desired. . The 

physical properties program can also use experimentally determined 

properties if available, with a resulting increase in accuracy of 

estimated properties. 

no experimental data input was used, the average error 

g physical properties was 75%; the liquid physical properties, 

26. If experimental data is used, the estimated gas physical prop- 

erties had an average error of 16.99%. 
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INTRODUCTION" 1 

  

Industrial chemical calculations and design problems require 

physical property data for the considered chemical compounds. 

Although common gas and liquid properties are tabulated in hand-

books, referenced and periodical literature, there are more than 

3,000,000 known compounds and 50,000 new compounds are discovered 

each year (29). Thus, a physical property may not oe readily avail-

able in the available literature. The physical property must then 

be estimated or experimentally determined in the laboratory. 

In 1969 J.P. Ha t (30) presented a gas physical property esti- 

mation program with over thirty estimation methods that combined the 

accuracy and speed of a computer to get reasonably accurate physical 

property values. Only the structure and molecular weight of the com-

pound was needed. 

The work that is included here expands the above work to obtain 

a more flexible and shorter running program. Newly included are: 

o a liquid physical property program 

O a consolidated data input 

O a phase discriminator program 

• a reprogrammed gas estimation program 

o a prog am to allow calculation of only specified, physical 

properties from among those in the total list 

o a program to allow property calculation at various temp-

erature and pressure combinations for one compound without 

hatipg to .input the data deck again* 



2. PR,OGRti. STRUCTUL 

Previous physical property estimation pro ;rams wore developed by 

the timerican Petroleum Industry (API) and the American Institute of 

Chemical 'Ingincers (AIChE) (40), where both are proprietary systems 

and not readily available to the chemical engineer. AICh• ogram 

is more recent, and it is similar to this work's program. 

The AICh program requires the input of the boiling point and 

vapor pressure. If the group structure methods are to be used, the 

user must input the corresponding numbers himself. Poor estimation 

performance is obtained for the freezing point, the liquid heat 

and viscosity. The AIChE program has a driver or executive program to 

call each method which is programmed as a subroutine for case of up  

dating. An overall error is obtained for each estimation path and 

best result with the least accumulated error is printed out. 

For pure organic compounds and mixtures of similar compounds, 

the AIChE program can estimate engineering properties within what is 

normally termed engineering accuracy. 

In 1969 J.P. Haggett (30) presented a gas hysical property es-

timation program using available estimation methods and recommendations 

from Reid and SherwoodJs The Properties of Gases and Liquids. "unlike 

the AICh15 program, Hag s included, when recommended, those estimation 

methods that required an input derived from structure. His overlying 

theme was to estimate physical properties with only a knowledge of a 

compoundls structure and molecular weight. ile then chose the best rec- 



commended estimation technique that aligned with this theme. if 

ti ,at technique had deficiencies in scope (i.e., could not be used 

for alcohols) he included methods recommended for these deficient 

areas. Some estimation methods required more data input than just 

structure (i.e., critical properties, etc.) but these additional 

inputs could also be estimated from structure. 

teach physical property estimation technique was programmed 

as a subroutine to facilitate instituting estimation improvements. 

These subroutines were called by an executive program. 

Since some physical properties were readily available in the 

literature, Haggett included an input for the normal boiling point, 

molar volume at the normal boiling point, critical properties and 

dipole moment. 

The limitations of Haggettrs gas physical property estimation 

program were: 

O each estimation technique that required\structural inat 

was input separately, increasing the data uire-

ments; 

o every physical property was calculated whether,•hether naeded or 

not, increasing running time; 

O the input deck had to be input again for eacA calculation  

even in only a Aressure or temperature chan requi 

and 

O the running time for each complete physical property calcu-

lation was thirty-four minutes. 



This work uses Haggett's gas hysical property estimation pro-

gram with the additions and modifications listed below: 

a liquid physical property estimation program and a phase 

discriminator program were added; 

O the executive calling program was changed to incorporate 

both a program to allow calculation of only specified 

sical properties and also a program to allow property 

calculations at various temperature and pre ure comoin-

ations for one compound without having to input the d '—

deck again; 

O the structural input was consolidated for eleven of the 

fourteen methods using them, and the appropriate gas esti-

mation subroutines were reprogrammed to incorporate this 

change; and 

O the executive master overlay progr a in ,;gettl 

inal program was deleted to reduce the running ime. 

Gas and Liquid Physical Property i!stimation Program  

Subroutine levels were uses as demonstrated by R.C. Norris (1) 

for an ordered program structure: 

Level 0 Level 1 l 2 Level 7 

input 
data 

required 
data from • 
Level 0 

required 
data from 
Level 1 
and possibly 
from Level 0 

required 
data from 
Level --1 
and possibly 
:rem Levels 
1 t:rol:, , N-2 

The levels and methods for t ie s program were: 



Level 0  

excerimental values if used 
input tables 

Level 1  

LYLPC (5) critical rressure via Lyderson's me4-1- 
Pc = 1•1.:.rnEbond contributions + .3Lc)  
error - 3%* 

LYDV0 (8) critical volume via Lyderson's method 
Vc = )40 + ..bond contributions 
error - 2-3% 

OTT b (12) TL via 0 a Tsucbida meth od 
23 = Ty + q 
p,q - functional grout.. contribution, Tabla Vi, 
y - radical ty-1:e, Table VIII, age 80 
compounds with more than a single unctiona 

cannot be calculated 
error - within 5°K 

SUB (1h) Vb via Schroeder's method 
Vb = bond contributions, Table VIII, tage 80 
error - 2: 

BRLCPO (17) subroutine for Cevia Bennewitz, Rossner and 
Dobratzl method 

see reference for equations 
cannot be used for triple bonds 
error - 

,.CP0 (18) 0p°via Rihani anc Doraiswamy's ftethod 
Cp°. a + bT + cT + dT3  
a,b,c,d - bond contributions, Table VIII, 80 
error 

76 

FITF ( 20 ) heat of formation via Franklin's method 
.--ibond contributions,'fable VII' page  

halogenated structures cannot be Great a 
error - +5k cal/g mole 

7 (20) heat Of f orilation via Verma and 4Jora..sv,a,)  s method 
A + 3T 

A,3 are based on bond contributions, Table VIII, 
esters, anhydrides and conjugated compounds cannot 

considered; only chlorine derivatives can con- 
sidered 

errors shown in this listing are errors claimed in the references 



MO (19) heat of formation via bond energy method 6 
o QIi .2bond contributions from Table VIII pa7o 80 

not recomaende0 unless absolutely nece17:ary 

GBZC (7) 

GLZC 

GLVC 

ED1'; ( 

ZC by additive techniciue, Carcia-arcena 
20 = 0.293-Eabond contributions from Table V....LL page 80 
not applicable to polar or aliphatic halide compounds 
error - 1;'!,  

Level 2  

Zc vi- r as law 

Vc via 

acentric A actor via ..,dmisterts 
= 3/7 (e/ [l. ) log Pc - 1.0 

e = lbt 
error 5; 

LPH.,. (10) factor by..tiller's method 
= 0.9076 (1 + ,Tbr In Pa n_ TbI ) 

error - within .1 unit except for rh2no1 ane aniline 

LYDTC (4) Tc bia Lydersonts method.  
= 0.567 + Sbond contributions 

ge 80 
error 2% 

:04 Table VII_.: 

HE1VB (14) Vi)  via Benson's method 
Vc/Vb = 0.422 log Pc + 1.981 
not recomiended for nitrites 
error - 3% 

W.TB(11) via o method 
= e/VbJ exp(2.77 Vb° 2.9L) 

not reconne0ed r highly polar compounds 
error - tl K 

.ii.EWSF (21) entropy and free energy o mation via ,,.nder-on, 
:1)-Jyer and ';:atson's method 

see reference for equations 
bond contributions iron Table IV,  page 70 
error - within 5k cal/g mole 

7.) LPEA. (10) liodel factor A_E, 
se reference for equations 
error - 5% 



ALLTiiL (10) Hiedl factor via alternate method 7 
oCc = (w - 0.242)/.203 + 7.0 

= acentric factor 
error - same as ;.i;:L 

STLJP (13) potential paramot, by Stiel and Thodos method 
refrence for equations 

all critical properties are required 

low pressure viscosity by Stiel and jhodos 'hod 
see reference for equations 
all critical properties are required 
error - 5% 

enthalpy and entropy o varorization by edel-Plank- 
Miller equation 
e reference for equations 

error - 2% 

vapor pressure via aedel-lank-Miller equation 
see reference for equations 
critical properties 
error - 

PKZ (2) Z,V,HI,S,  wit 2.edlich-Kwong equation 
see reference for equation 
trial and error solution 

LID 11) TB via e-son,s nethod 

error - within 5  to 10 c 
Tb = 9Tc 0 

Level 4 

=01 (22) low pressure viscosity by theoretical metnod 
sec reference fcr equations 
for nonpolar gases only 
error - 2; 

(9) acentric factor by definition 
w=-loi: Pvnr  (at Tr = .7) - 1.0 

L (6) Zc via -bydersonis thod 
Zc = 1/(3.43 + X 6.7] 10-,

61 
 Aiivili  

not recon.lende for ..ar coml7cunds 
error - 3% 

CBV (25) high pressure viscosity via Core Tans and .i.,enakIcer 
mct-(lod 

see reference for equation 
for low molecular weight gases 

STUOI (23) 

R=S (16) 

MVP (15). 



JSTU1 (24) high pressure viscosity via jossi, Stiel and 
Thodos method 

sere reference for equations 
gee(' for .1<p„,(3 

RKCP (2) Cp via 1 edlich- Kwong equation 
see reference for equations 
need Tc, ?c, CI'0, V 

Level  

RKCV • (28) Cv via ledlicn-wong equation of state 
see reference for equation 
need V, TC, PC, CP 

Level 6 

BKO (26) low Tressure thermal conductivity via Iromo" 
method 

see reference for equations 
bond contributions from Table V:1 page 80 
error - 45 nonpolar, 10 polar 

Level 7  

STK (27) high pressure thermal conductivity via Stiel an d 
Thodos method 

see reference for eeuatiohs 
error - 20% 

e levels and methods for the liquid ical roe 

siation program were: 

ieve.L. 0 

i:.nut data 

level  

data from the as = o„rata  
critical properties 
hiedel factor 
normal boiling point 
entropy and ent"Aalpy of vanorizati 

vial boiling -point 

8 



Lev 1 2 

1= (36) density bia Yen oods method based on Lydorson, 
Greenkorn and ilougen tables for 7,seudo reduced 
temperatures betwam .3 and 1.0 

not valid for Tr>1.0 
requires Tc,Pc,Vc, 
error - 2% 

parachor via cGowan additive method 
contriutions from fable VI 

error - 
Level 3 

Bvis (32) viscosity via Thomas method with a known vi co. 
in. cat 

U = (.1167 .) 10B(T - /Tr 
B is calculated with a known viscosit 

its measurement temperature 

aiRCP (39,37) isot ermal heat capacity departure via ,3ennedic, 
Webb, fLubien equation 

see refrencefor equations 
the B-W.-R constants are calculate'd from the . a:,cmtric 

factor correlation of reference 37 

77 YA (38) isotheral enthalpy deviation via Yen Itlexander 
method 

analytical equations fitted to roved 
Lyderson-Greenkorn o-  on ent:Ialpy deviation 
charts 

requires `i'c, Pc Vc, Zc 
not valid for r>1.0, Pr>1.0, Pr<.01, 5 

Level 

STIRT 34) surface ten sitensionvia -arachor method 
6- = [P(p ) 
log10  PWp,h = 5 Tt213 - 1.0 
/0,4, 

- 20% 

isothermal entropy departure via rschfeld 
iuehler, and ';,>utton equa '.on of sta e 

requires densit7, Tc ic 
isothormal anti' r departure 

COTE (33) coefficient of 6hermal expansion via Smith met.:od 
P .04314/(`lc 0.641 
error - 28% 

mitac (31) 
80 



liquid estimation methods isothermal enthalpy depar are, 
10 

isothermal heat capacity de rture, and density recommended 

or valid only for limited ranges reduced temperature, pressure 

d density as indicated above in the subroutinc, level discussion. 

Extension of a calculation past these limits is printed in 1i  

rec-ultsand for the isothermal heat capacity departure calculation 

(aia) equation); the result is also :rinted. 

-vadereas the calling and execution of each subroutir 

explanatory, the data input and how input is converted for 

use in une program is not self-explanatory and is described low. 

First, each data input is described in the order of machine-

input (see program printout in the Appendix 

IBCB thru IPARO These inputs re ate which combing on 

in the consolidated input table AL,ATTable VIII, page 80) are used 

for he ro riate esti.lation technque. wither the 'ixed ilt 

=bar 0 tee grout: is not used) or 1 used) Is is p - 

same group order as listed in AADAT. Those data are the same a.:c: ar  

input for every e.,timat:_on. 

Y - Each input the numberical contribution of a 

combination of structural groupspeculiar to each technique. ho 

group order is the same as the sequential appearance of the 

in-nt groups (as the order of is in IBCB tern m 
J. • 

These data are the same and are input for every estimation. 
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TO,rC„.. ..aJHTE,C 2.2.L -ach physical property 

set a V a value of 0 before every physical property estimation. 

\, I) A (NI  2) - This input is used in he rz.)7,rara for 

c•,eosing The calculation of particular physical properties t at 

are listed n laitlC (Table IA page 89). Since a particular 

property on the Al AC list may require the estimation of another Drop  

eruy or properties on the list, the input number o. all of. the new ly  

required properties is input in the order of the desired physical  

propertieslisted in i.C.PAC. These data are the same and 

for every estimaton. 

- Input of the number of different compounds for 1111 h 

sical properties will be estimated. 

In nuts for Each Compound Tested 

The name of the compound for which p,yoical properties 

pill be estimated. 

The molecular wei, of the compound. 

nr.nr, Table III ,Pa'ro 68 Considerations that 1;111 be input 

the executor progra.a to select the correct estimation technic 

for t-e compound. Ii a code is valid for the considered corpourd  

t' index number is input in the allotted data field; if no',, 

on 0 is input. 

.DI OLD Input of experiaental values for these -crop-

crties. If not known, then 0.0 is read in f or that proper 
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Z1011  3 — input of the number of Cii3 and CH2 groups is 

compound. 

GCGB Input the index numbers for t..e pertinent {group con- 

tributions as listed in Table VI  page76. 

Input the number of times the groups listed in GCCi3. 

are sent in the compound. These numbers are input on the data 

card in tho same allocated data fields 8s w:re tie corresponding 

group ndex numbers for GCGB. 

;.07 - Input the pertinent index number corr poning to the 

compound structure from Table TI page78. 

IYOT - Input the pertinent index number correspondi 

General class of the compound as listed in TableV pag 79. 

 Input the number of atoms in the compound, number 

rely rotating bonds in the compound and the number of bonds 

the molecule respectively. 

CAR J - Input the pertinent index numbers corresponding to 

the grout contributions as listed in Table IV pago70. 

CALC - Input 1.0 if all physical properties are to be estimated  

if only particular properties are to be estimated, and uill be input 

later under ILAC, then ci,Lo is 0.0.  

-Input 1.0 if the compound is in the liquid se 0.0 



in the vapor phase, and -1.0 if the phase is not known and 

the Antoine Cox constants are known and will be input later. 

Input 1.0 if a physical property listed in Table .-11.%1, 

page 89 is to be estimated, 0.0 if not. If Ci,LC is 1.0, this 

in gut is all 0.01 s. 

VISCPTJ.,TTT Input a known viscosity and the temperature it 

was estimated at. Input 0.0's if not known. 

SURTPT NTT - Input a known surface •tension and the temperature 

is was estimated at. Input 0.0's if not known. 

AADAT - Input the index numbers for the pertinent group con- 

ibutions as listed in Table VIII, page 80. 

CA iii - Input the number of times the group as listed in AADAT 

is present in the compound. This number is input on the data care  

in the same data field as was the corresponding group index number 

for AA AT. 

••••••••• 
Input the number of times the same compound will be run 

at various temperature and pressure combinations. 2.'is will 

vent having to input the data deck again. 

2 - Input the temperature and pressure at which the com-

pound's physical properties will be estimated. 

The list below shows how the above data inputs are converted and 



used in the estimation of gas and liruid physical properties. 

IBC:73 thru IPARC - Determine which of the 214 groups listed in 

A.00 are pertinent to the respective techniques. Below are the 

relationships between the control variables IBCB thru IPARC, u..e 

estimation methods and the input variable used in the subroutine. 

Input Control 
Method Variables Variables 
LYDTH GCLYD IGCLY 
LYDPC GCLYD IGCLY 
LYDVC GCLYD IGCLY 
SVB GCS IGCS 
=CPO 1303:O IBC ,32, 
..1DCP0 DC13D ID= 
Fig BCT =2 
VDflF BLVD I3CVD 
BENT BCE' I.iCiE 
BKO BOB I3C3 
BPARC AMCGC IPARC 

The Control Variables: IGCLY thru IPARC listed above are inputs 

of 214 fixed point Ofs and lfs where a 1 indicates that that group 

which corresponds to that index number in AADAT, is used in the 

method corresponding to the particular control variable. A zero 

signifies that the group is not required for thatmethod. 

Examrle: If th) 20th data card field is 1.0 for control 
variable IBCLY„ the group corresponding to index number 20 'in 
Ah.DAT (,:NH) is a group us .d in Lydersonfs methods for criDical 
properties. 

The control variable input is then collated to the actua 

variable GCLYD thru AT21CGC which are then used in the appropriate 

estimation method. 

First the AAD,,T input is converted to a floating point aatr, 



of 21).; fields - ADAT where AADaT indicates the index num.)er or 
15 

field of the functional group and CADALT (the number of times the 

group is present) is inrvat into that position in the matrix. 

i•azrrle:  ;for acetic acid, an AAIV,.7. input index number 
41 was *present one time, as input in CJC.u.T. . hen the 
J.L7ua matrix is formed, the data field is read in at a 
value equal to C2,D44.T or 1.0. Index numbers not in-u;; (rota 
i.u&D.LT are road into the respective data fields as 0.0. 

Finally each of the control variable inputs IGCLY - is 

examined and when the data field value is 1, the corresponding 

field from :ILO is input for the control variablOs correspording 

input variable (GCLYD - .11.;CGC). GCL1D - have: data field 

sizes equal to the number of Its in the control variable input and 

are read in the order of appearance of the l's in that control input. 

Lxammae: If the 41st data field of IGCLY has a value of 1, 
then the last data field o: ,F;iiT, which has a value of 1.0, is 
input into GCLYD as the 20th data field (IGCLY data field's 
1 thru /40 had 19 l's contained within it). 

The input variables are then used as both the presenc3 of a 

pertinent group and the number of times that group is present in the 

compound. 

(Table IX page 89 ) lists the physical properties that 

can be estimated without having to estimate the whole physical pro-

rerty package. Each index number is read in in order; and if a pro- 

party is to be esti-a-bed a value of 1.0 is inrut (otherwise, 0.',1). 

Thq inrut contains APi,C index numbers of physical prorerties 
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on the APAC list that must be estimated so the desired property can 

be estimated. 

When an APAC data field is 1.0, the corresponding APA ind-

=hers are input to set the required APAC inputs at 1.0 (thus 

causing the estimation of the recuired properties). 

Since there are both liquid and gas physical properties that are 

chosen by the APAC input, the properties in the phase that is not 

pertinent are not calculated by setting those APAC data fields at 

0.0. 

If all the physical properties are to be cLlcula ed (CALC=1.0), 

then, if ALIQ indicated the phase, the other phase is not calculated 

of setting the appropriate APAC data field at 0.0. The APAC data 

fields of the wrong, phase are also set at 0.0 if LIQ causes the 

calculation to estimate the phase with the Antoine Cox equation. 

A flow chart is included to assist in following the estimation 

path through the gas and liquid physical property estimation 

program. The flow chart is included below. 
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FLOW CIYIRTS FOR PR.OGROI 

Dimension all 
arrays 

1 

Read all 
tables 

Read N 

• Read 
compd. name 

Read CODE 

Read TO, PC, 
ZC, etc. 

( S TART 

Read all groups 

indices and 

amounts 

> Read PN 

1  
Read P,T ST,LZT 
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APAC (1 )=0, 

19 



Call =CPO 

7001 

( Call RDOPO 

7000 

Y 

20 

Convert AADAT 
And GOAT for 
individual 
subroutines 

BB(J)=0.0 

J=1,13 

AA=000 



21 

no 



( Call VDIFF 
7003 

22 



23 

C ODE.26 

no 

<i95 

C ODE=3 

96 

CODE=28 

I no 





DIPOLE=1.144 

BB (2)=2'.0 

F 

9 

DIPOLE=0.0 

no 

6 

25 



26 

BB(7)=7 

139  



27 

110 

0 



i 



BB(8)=8 

yea 

29 

/0\ 



30 



( Call P02 

Liquid Program 

31 



no 

FIGURE 1 (Cont.) 32 



FIGURE 1 (Cont.) 33 



X=1. 

FIGURE 1 (Cont.) 34 



%ODE ( 18 yes 
=180 

22 

FIG= 1 (Cont.) 35. 



FIGURE 1 (Cont.) 36 

5o 

214. 



yes 

FIGURE 1 (Cont.) 37 
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29014 

1 

( Cala. BVIS 

2907 

2906 

 Call ENTYA 

29)1  

( Call BWRCP 

2909  



( Call BitiRENT 

2917 

ii 

END 



Print Zi, 

Z2, Z3 

Print T,P,V,Z, 

tO no 
To,VD,Tc,Pc, 

Vc , Zc 
yes 

11 
V  

Print VP,.itipha, 

ZZ=1 

End 201 

143 
Print Cp, 

FIGURE 2 

FL07,-[ CFIRT FOR PRINT OUT PART 01TE 

Start P01 

ZZ=0. 

Print heading 

and compound 
name 

/42 



FIGURE 3 

FLOW CHART FOR PRINT OUT PART TWO 

tart 202 ) 

DIS, HSV 
converging 

1 

Print DELTA 
too high to 
calc. 

UO 

'yes 

1155 

Print too high 
to calc. 

Print U cannot 
be calc. 

NO UO 

Print T too 

high to cab. 

UO 



Print P too 
high to cal  

Print too 

high to. talc. 
Print 

THC 

Print method 

for K not 

- licable 

FIG UTE 3 (Cont.) 41; 

     

Print too 
high to talc. 
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ye s 
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161 159 

  



.FIGURE 3 ( Cont. ) 

a-3( 12).12 . 

no 

172 

Print till" at 

298° 

170 
 

17 Print at 
yes 

T and 298 

Print hi', 

Print Cp 

ca lc . by 

2.2JCP0 

20 

176 

Print 

cannot be 

calc. 

yes 

Print 

DEIS, FUGCO2 
169 

Print :NB, 

EVB 



70  ! , 
1 Print- Sat, 
liquid mice I 

FLOW CHART FOR PRINT OUT PART 4 1;6 

0 Print - 
program dumpe ED 



o+ 



k O3 

Print HTC,LP 

Visc. 
ilca.nnot be calc 

Print VISC 

106 

Print- ent, 
cannot be calc 

Print APARC 



Print SURTE 

Print Ca7TE 

END 



J. Cis pacriizz.l. 

There are two input data sections in the estimation p 

program structure for description file first consists 

internal arrays for the consolidated ,7. J. .i1DZ2, table of oup 

contributions AHCGC tnru Y), so ing all physical ro-Derties 

value of 0.0 thru COY M) and the logic for calcula 

plysic 1 properties )) ,2)). This body common data 

is read in each time the program is run except when: 

physical properties are estimated at various cohibinations 

of temperature and pressure(PICT is eater than 1);  

during a single run, various compounds will be es ti:aated 

as signified by reading the p tj value or 

e second part of tre data input is peculiar to each compound 

being estimated. ,Ln example of a dataset is illustrated and explained 

below for acetic acid. 

nr..rat 

 

- Since only one compound is 'poi  considersd, 

nsut and the pro Traci will onl:; one 

data. 

   

  

copuund name is ir.Jut: 

 

  

ACID 

The molecular eight of acetic 

60.05 

 



co:. *fable ITT, page 68) - Input the numbers of Y e 

descriptions: 

0.0 2.0 0.0 L 0 0.0 0.0 3.0 0.0 
9.0 0.0 11.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 19.0 0.0 0.0 0.0 0.0 0.0 
0.L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 

TO, ... DIPOuii Experimental values of these pnysical op,rties 

were not input: 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 The number of CH and Cl2 groups in acetic acid arc 

1.0 

GCGB - The pertinent groupindex =rib s rom Table Page 

nput. all the groups nave been identified, the remain- 

to fields are filled the end oup i ndox number 38.0. 

2.0 3.0 1.0 38.0 38.0 

- The number of times -:he group identified in 3033 is 

present. •nen theend gro index i input ' 

1.0 1.0 1.0 1.0 ... 1.0 

TX0T, IYOT the index number corresponding to the func-

tional group IXOT(table VI page 78) and the hydrocarbon radical 

type -v0' e VII, page 79). 

30 1 

 

the number of atoms1  number Of fr ely rotati 

 



bonds and theThumber of bonds in acetic acid respectively: 

8.o 1.0 7.0 

GCA::_, Input the index number correspondingto the groupslisted 

in Table IV, page 70. 2 uer all th- grow, nave been ntifi 

end group index number (58) is read 

1.0 8.0 16.0 5)4.0 58.0 ... 58.0 

1 the physical properties will be estimated; thus 0,-.LC 

is 1.0. 

ALIQ ..icetic acid is in the has 0 - in is 

0.0 

APILC S is 1.0 (all ical properties will oe esti- 

ted) the in all zeros. 

A2-L0, CAC - Since the liaSe known LIQ = 0 phase) 

the nnitoine Cox constants not needed; is 

0.0 0.0 0.0 

VISCPT - 5 - Since acetic acid is in the and ta.is 

  

the liquid viscosity, the uV 

0.0 0.0 

Since acetic acid iS in 

is the liquid inase suriade tension, the in is 

0.0 0.0 

phase und thi 

at the a .,ropria to index numbersof the 6r S 



in Table VII, page 79. all groups have been identified fill 

- r omaininidata fie .d with 0.0. 

1.0 16.0 41.0 93.0 12400 120.0 130.0 131.0 
145.0 146.0 147.0 170.0 171.0 180.0 201.0 0.0 
0.0 0.L 0.0 0.0 0.0 0.0 0.0 0.0 
0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

C4i.IILT input the number of times the r identified in ..1-4, T 

is present n acetic acid. ":icon ii.ADAT is 0.0, the COJLT also 0. 

1.0 1.0 1.0 1.0 1.0 4.0 2.0 2.0 
2.0 2.0 1.,  1.0 3.0 1.0 1.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Since only one pressure and temperature is being considered, 

PN is 1.0. 

- Input thetemperature and pressure at which the ph sical 

properties of acetic acid will timated. 

375.0 0.50 



RESULTS 

Thirty-three compounds (organic - nonpolar and polar, inorganic - 

nonpolar and polar) were tested with and without the input of avail-

able experimental properties in the gas phase. Tables I and II con-

tain a summary of the percent deviation 'or the various compound types 

where: 

% deviation = 
(calculated experimental 

x 100 

 

experimental 

More accurate physical property estimations were possible when 

allowed available experimental data were used (28.75% vs 16.99% aver-

age error, for the gas phase) since all estimation techniques in level 

2 or higher of R.C. Norrisis levels (1) use other estimated physical 

properties (especially the experimental physical properties that can 

be input into the program). This pyramids the error of the higher level 

estimation techniques regardless of the accuracy of the method itself 

and explains the high % deviation without experimental input (25 7;k) 

for gas phase - 26.5% for the liquid phase). 

Table summarizes the testing of seventeen organic compounds 

(with an experimental value input for viscosity) without experimental 

value input (critical properties, etc.:  were estimated in the gas pro-

gram) for the liquid phase program. 

Neither program should be used for inorganic compounds since the 

methods were all designed for organic compounds. 



Property 

Vb 

Tc 

Pc 

vc 

Zc 

VP 

c<c 

bj 

c„,° 

/1.( 

b° 

dipole 

CH°vb 

LF 

TABLE  

PERCENT DEVLITION WHEN NO EXPERIUNTAL INPUT USED  

Numbers in ( ) indicate number of points used in average 

ORGANIC 

Nonpolar Polar 

12.03 (8) 3.39 (16) 

8.37 (3) 9.15 (7) 

11.22 (8) 3.38 (16) 

2.92 (7) 5.52 (16) 

10.97 (7) 10.31 (14) 

2.97 (7) 9.42 (14) 

58.10 (1) 23.62 (12) 

3.07 (6) 1.44 (10) 

36.15 (7) 5.63 (4)  

2.67 (5) 3.23 (5)  

17.48 (4) 17.00 (5) 

6.28 (4) 7.00 (5) 

19.96 (4) 21.49 (5) 

22.87 (13) 

6.60 (6) 14.87 (5) 

16.62 (3) 

14.o6 (6) 1:.04 (13) 

.22 (8) 16.53 (11) 

69.08 (8) 46.28 (11) 

INOHCANIC 
TOTAL 
01.-LANIC 

Total- Total- AND 
Nonpolar Nonpolar INORGANIC 
& Polar & Polar 

6.26 39.68 (7) • 13.81 

8.92 115.15 (2) 26.62 

5.99 39.98 (7) 13.67 

4.71 34.86 (7) 11.76 

10.51 47.15 (5) 17.57 

7.26 9.59 (5) 7.69 

26.20 26.20 

2.06 .99 ( ) 2.64 

25.00 68.63 (3) 34.53 

2.95 5.38 (2) 3.35 

17.20 50,00 (7) 31.56 

6.69 ! 24.06 (7) 8 

20.80 146.69. (7) 76.29 

22.87 22.15 (1) 22.82 

10.38 28.51 (6) 13.^c4 

16.62 54.45 (4) 45.36 

7.19 38.44 (7) 15.61  

15.55 39.17 ( ) 21.22 

1 55.88 120.16 ( ) 67.06 



TABLE IA 56 

DEVIATION ViEN N0 .1;',:P.:RE:KNTAL PROPERTIS USHD* 

LIQUID PROPERTI1S  

Numbers in 0 indicate number of points used in average 

Property 

Organic 

Nonnolar Polar 

Total '2olar 

and 1:onp01ar 

Op°  19.42% (4) 24.18% (3)  21.5% 

f 8.25% (5) 2.51% (5)  5.35% 

4.8% (3) 10.3% (5) 8.24% 

Surface 
Tension 51.2% (3) 24.48% (5) 34.5% 

'Coeff. of 
.Thermal 
...xpansion 10.7% (2) 7.13% (4)  

. 
8.31% 

* except viscosity 



4.53 (12) 

0.36 (10) 

5.02 (4) 

3.23 (5) 

27.26 (5) 

7.37 (5) 

19.13 (5) 

9.74 (5) 

4.85 (13) 

16.53 (11) 

46.28 (11) 

14.148 

0.39 

7.56 

2.95 

19.24 

5.57 

14.82 

8.52 

9.07 

3.51 

15.55 

55.88 

Total 
Nonpolar 
Polar 

1.70 (1) 

5.33 (6) 

7.92 (3) 

5.38 (2) 

22.21 (9) 

' ) 

22.55 (9) 

15.51 (8) 

53.01 (3) 

17.48 (9) 

39.17 (6) 

120.16 (4) 

4.28 

1.74 

7.63 

3.35 

20.73 

6.14 

8.68 

11.47 

31.04 

8.00 

21.22 

67.06 

Polar Total 

METE II 

PI2C]J,NT 2',X.P.:2EiiNTAL INPUT 

Numbers in ( ) indicate number of points used in average 

ORG,JiNIC 

Property Nonpolar 

VP 3.80 (1) 

0(c 0.44 (6) 

CA) 9.00 (7) 

CP 2.67 (5) 

e/k 9.23 (4) 

3.32 (4) 

9.43 (4) 

./Le 7.51 (6) 

k 9.07 (3) 

H°vb 0.60 (6) 

14.22 (8) 

zuf° 69.08 (8) 



LIS aSS ;L ND TEC a -1::.; 0711:1. TI OHS  

This program was structured for case of inserting improved esti-

mation methods,, since only poor estimations were available for some of 

the croperties in both the gas and °specially the liquic; programs. 

Presently, vapor pressure cannot be estimated accurately. The 

idChE program concedes this fact and requires the vapor pressure to 

be input from either experiaantal data or an educated guess. :1so 

there are no good estimation techniques for the Potential parameters 

(gas program). 

In general, the gas phase estimation techniques arc advanced 

compated to the liquid phase methods. Only the recent techniques 

fitting analytical equations' to the Lyderson, Greenkorn and Hour  en 

charts are accurate, and they are the only methods e.:.ployed in the 

AIChL program. In this work, poor estimation methods were used for 

isothermal heat capacity dept:; tore, isothenaal entropy departure, 

viscosity and surface tension. The errors obtained by -rorr"a---1 " 

for the various estimation methods were found, in. general, to be 

considerably greater than those claimed by their developers. 

This program presently uses 905 of the working storage space . 

available in a Spectra 70/45, 256K. :::xpansion will require t'he 

n_ u . oi an overlay ma ;ping Prorira-1 Nnler " " • " • • .• •••••• •w• 

the program running time. .i,nother way of incr e<wsin isorking stor- 

age would be to delete 'the structural input and recure the user to 

input the value of the groups for each of the methods. 



recommend some revisions and additions for greater ram 

flexibility and accur.c • These include: 

O replacing the potential paararioter estimation metho& -;Jth 

a more accurate technique when available; 

o printinr,  out ysical property when it calculaucd 

as a doUugging aid, since a program error i -miate6 the 

pro gran without a print-out; 

O using an equation of state other than the 2edli 

equation in the gas program; 

e replacing the isothermal heat cacapacitya-parture, iso- 

thermal entropy departure, visco uY .nd acet nson  

14hen methods with more accurate :'s t: technique 

available; and 

O adding mixture p,ysical prop estimation program to 

this 12rogram. 



(•0 NCMNCLP,T7.12.F., 

B, C,AO, BO, CO, 
GAi,EIAL2H 3enedict,Webb,Hubien equation constants 

= output logic parameter 

AAC,BhC,CAC =Antoine-Cox equation con;,ants 

„LCP 

ArAT 

ALIQ 

ALPHA. 

T . 
J.11.11 

= array of particular groups from consolidated 
input 

= array of enthalpy and free-energy functions 

= array of absolute entropies 

= subroutine for determining entropy and free energy • 
of formation by Anderson, Beyer, and -;:atsonis method 
(21) 

= array of bond frequencies 

= consolidated group array for internal use 

= logic parameter for path to correct phase 
calculation method 

Riedel factor 

= subroutine for determining iliedel factor by 
alternate method 10 

AMCG = array of parachor contributions 

A.CGC internal array for parachor 

A2:1CH3 = number of CH3 and CH2 groups 

= arrays of the total amounts of particular groups 

APA =loodc ,aramer 

1„AC = array of srecific properties that can be calculated 
separately 

A-PARC = ;.arac'^or 

APP,EPP,CPPIAOPP, 
30?P,COPP,ALI.-T, 

= reduced Benedict4 Webb,Rubicn constant (37) 



!TOM],:NCIATURE 

APRH reduced pressure too high - output logic parameter 

APRL = reduced pressure too low - output 1ogic parameter 

ATRH = reduced temperature too high -output logic parameter 

ATRL = reduced temperature too low -output logic parameter 

ATBC = boiling point-°K at pressure P 

AVB = array of additive - volume increments 

BB . array of output logic parameters 

B = array of Verma and Dorais:damyt s group contributions 

BCB,BCBE, BCBRDI BCF, 
BCRD, ECVD, GCLYD, 
GCS,ECABW = array of the number of each group for a given conpound 

= array of bond energies 

BEEF = subroutine for determining formation by bond 
energy method (19) 

BKO = subroutine for determining low pressure therm 1 con-
ductivity by Bromley's method (26) 

BONDS = total number of bonds in the compound 

BP ARC 

BP,DCPC 

= subroutine for parachervia ,AcGowan additive 
method (31) 

= subroutine for determining CPO by Bennewitz, 
dossner, and Dobratz's method"(17) 

3VIS = viscosity via Thomas method (32) 

BWRCP = subroutine for isothermal heat, capacity departure 
via Benedict, ';':ebb, Rubien equation (39) (37) 

BWRENT = subroutine for isothermal entropy derarture via rsc- 
felder, Buehler, ]icGee and Sutton e:; on of s ate (31) 

CADAT array of total amount of particular groups 

CALC = logic parameter 

CBI; subroutine for determining high pressure vi cosit 
by Coremans and Boenakker method 25) 

CC = logic parameter 



NaCZNCLLTUIZE 62 

CI x,301 = main program name 

= array of characteristic internal-rotational 
contributions 

= array of collision integrals for viscosity  

= array of compound classifications 

= coefficient of thermal expansion 1/°K  

= subroutine for coefficient of thermal expansion (33) 

= heat capacity at constant pressure, cal; 

= ideal gas heat capacity, cal/g mole- 

. heat capacity at constant volume, cal /g mole K - 

= array paramete.s alluv;ing for the dipole moment 

= enthalpy deviation, cal/g mole 

reduced delta pressure indicating saturated or 
compressed liquid 

= entropy deviation, c- g mole- K 

= low. pressure viscosity parameter 

= density gms/cc 

= entropy departure Slo = S, 
is a standard pressure ' 

= dipole moment, debyes 

=intermolecular distance, angstroms 

ubroutine for determining acentric 
use'of definition (9) 

. subroutine for determiningacentric factor by 
Edmisteris method 

= entropy of formation at 1 atm and 2 o cal/; 

potential parameter C /nc, 
ox 

0 

subroutine for isothermal enthalpy deviation 
via Yen Alexander method 36 

ciaoT 

CJ_V 

CODE 

COFTE 

COTE 

CP 

CPO 

CV 

D 

r' 'T 

DELS 

DELa 

DENS 

DIPOLE 

DIS 

EMY 

ENTYA 

OK 

1 P C 

C v 0 by 

entropy of vaporization at . mole- 



NCMENCLATURE 
63 

0 
=free energy of formation at 1 atm and 298 K, 

kcal/g mole 

FI-7 =subroutine for determining heat of formation by 
FranklinTs method (20) 

FRis =array of Franklin's group contributions 

FUGCOF =fugacity coefficient 

GB =array of Garcia-Barcena group contributions 

GCGB, GCABU =array of group contribution indices 

Hr' =heat of formation at T, kcal/; mole 

HSV =hard-sphere volume b
o
, cc/g mole 

HTCAP =isothermal heat capacity cal/gm mole 

HVB =heat of vaporization at TB, cal/g mole 

IBC3, IBCBE, 
IBCBR, 
IBCRD, IBCVD, 
IGCLY, IGCS, 
IECAB,IPARC =arrays indicating which of the consolidated group 

array are required for a particular method. 

IXOT =functional group index 

IYOT =hydrocarbon radical type index 

jSTU1, JSTU2 

MALPHA 

MUE 

NO 

P 

PART2 

PC 

=subroutine for determining high pressure viscosity 
by jossi, Stiel, and Thodos method (24) 

=subroutine for determining Riedel factor by 
MillerTs method (10)  

=number of compounds and conditions at which the 
program is to be used 

=compound name 

=number of differcn. elements in compound 

=number of different types of bonds in compound 

=pressure at which compound properties are desired  

=second part of main program 

=critical pressure atm 



NCYPZCLhTURE 

PCLYD,TCLYD, 
VCLYD arrays for Lydersen's group contributions 

PN = number of pressure and temperature inputs 
for the same compound 

PC1 = first of two output subroutines 

P02 = second of two output subroutines 

PQ = array of functional groups 

= number of bonds in molecule 

0 

RALPHIL = subroutine for determining aiedel factor by 
HiedelTs method (10) 

RD array of Rihani and Doraiswamy group contri-
butions 

RDCP0 subroutine for determining CPO by Rihani and 
Doraiswamy,s method (18) 

RH0P = reduced density 

RKCP 

RKCV 

PKZ 

RPHVP 

SATL 

STK 

STLJP 

STU01, STUC2, 
STUO3 

SRT 

= subroutine for determining CP by use of Pedlich-
Kwong equation of state 

n = subroutine for determining CV by useedli  
Kwong equation of state 28) 

= subroutine for determining Z, V, HI, St, and 
by use of aeOlich-Kwong equation 2) 

= subroutine for determining vapor pressure by 
Riedel-Plankiller method 

ihternal parameter indicating i.i saturated 
compressed liquid calculation was used 

°routine for deteraining -pressure thermal 
conductivity by Stiel and Thodos method (27) 

subroutine or determining potential parameters 
by Stiel d Thodos method (2' 

subroutines for determining low pressure vis-
cosity by Stiel and Thodos method 

= subroutine for surface tension via paracdor 
method (34) 



SURTE =surface tension dynes cm 

SURTPT =experirnental liquid surface tension value a 
temperature TTT2 

rn =temperature at which compound properties are desired 

TB =normal boiling point, °K 

TIC =subroutine for boiling point at pressure P via 
Antoine—Cox equation (35) 

TC =critical temperature, 

THO =high pressure thermal conductivity, cal/cm—sec— 

THETA =TB/TO 

TXU01,TXU02 =subroutines for determining low pressure viscosity 
by theoretical method (22)  

TS =array of temperature increments of collision 
integrals 

TT =array of temperature increments 

TTT =temperature at which VISOPT is valid 

TTTT =temperature at which SURTPT is valid 

U =high pressure viscosity, centipoise 

U0 .• =low pressure viscosity, centipoise 

V =volume, cc/g mole 

VC =critical volume, cc/g mole 

VD =array of Verma and Doraiswamy:s group contributions 

VDHIP 

VISCPT 

VISC 

=subroutine for determining heat of formation by 
Verma and Doraiswamyls method (20) 

=experimental liquid viscosity value at temperature 
TTT in centipoise 

d viscositycentipoise 

VP =vapor pressure, atm 



NalENCLLTUR-, 4 

11T =acentric factor 

=molecular weight of compound 

XM =number of freely rotating bonds in compound 

XN =number of atoms in compound 

=array of hydrocarbon radical types 

TdDEN =subroutine for density via Yen Woods method (36) 

Z =compressibility factor 

ZC =critical compressibility factor 

ZZ =output logic parameter 

Z11Z2,Z3 =roots of the Redlich-Kwong equation of state 



Na:7ENCIOURE (7 

PART 2 

BENVB = subroutine for determining VB by Benson=s method (14) 

GBZC = subroutine for determining ZC by additive 
technique (Garcia . Barcena) (7) 

GLVC =subroutine for determining VC by use of gas law 

GLZC = subroutine for determining ZC by use of gas law 

LYDPC = subroutine for determining PC by Iydersen1 
method (5) 

LYDTB = subroutine for determining TB by Lydersen's 
method (11) 

LYDTC = subroutine far determining TC by Lydersen's method (4) 

LYDTH = subroutine for determining THEAT.A. by Lydersen' s 
method (4) 

IYDVC = subroutine for determining VC by Lydersen's 
method (8) 

LZC = subroutine for determining ZC by Lydersen's 
method (6) 

OTTB = subroutine for determining TB by Ogata and Tsuchida 
method (12) 

RPHHS * subroutine for determining enthalpy and entropy of 
vaporization by Riedel-Plank-Miller equation (16) 

SVB = subroutine for determining VB by Schroeder's 
method (14) 

WATTB =subroutine for determining TB by Watson's method (11) 

X = logic parameter 



Ili 
CORM, 

CO:fP011,4:i 

CI SS _ND_;X (I)  

Monatomic 1 

Linear 2 

Nonlinear 3 

Polar--hydrogen bonding 

Polar--non-hydrogen bonding 5 

Konpolar 6 

inorganic 7 

Simple molecule if more than one guncttl 8 
group \" Table 117) then 

Cmplex molecule it is a co: tlex molecule 9 

Low boiling "-o:-.:manont" gas 10 

Dore than one functional group 11 

Halogenated 12 

Aliphatic halide 13 

Conjugated lh 

Contains triple bonds 15 

Ester 16 

Anhydride 17 

18 

Acid 19 

Ketone 20 

Alcohol 21 

Thioether 22 



CTAS (:)  

Has o her than chlorine 

dervatives 

Substituted acetylene 

Phenol 25 

tan i line 26 

27 

28. 

29 

2 30 

He 31 

Hydrocarbon 



TkBLE IV 70 
inrut for retermininp: Entrory an Free Energy of Formation Via 

.anderson, 33yer, and Watsonls &etod  

 

GRCZjP 

 

00•11m•••••••••••• 

 

Se- oap ,,onurioutions: 

  

     

Cyclopentane 2 

3enzene 3 

Naph'..,halene 4 

Methylamine 

Dimethylamina 6 

Dimethyl ether 7 

C,ontrioutions of Pri:ar7 CH3 Stiestitution Grouts: 

-;.:ethane 8 

Cyclopentane: 

a. First-substitution outside ring 9 

b. iL;niargement of ring 10 

3enzene and naphthalene: 

First-substir,ution outside ring 11 

b. Second substitution: 

Ortho 12 • 

Zee 13 

Para 11 

c. Third substitution (sym) 



  

(:) 

   

Secondary Substitutons: 

7 

20 

2 

2 22 

2 

3 

2 

3 

3 

1 -0- in e-ter or 

Sabstitation ^G., LO fom e for 

26 

27 

'28 

30 

31 

32 

J-oor::L 



_o ond Cont bution ontin- d • 

yo bond 3 

3 

2 

2 2 

2 C.1.11 2 

2 = 3 

CorrectLons r each of conjug double bo. 0 

Correction for douoe ond aE2eoei aron-latic 

ubstition 

 

Zonhydrocarbon Groups: 

  

-OH tic, me 

 

- CO .47 

',Q 

-Br 

J 

0 (koton- 2 

COOH 



 

GROUP 

 

_._.J___ IT) k-i  

Substitution of CH3  by Nonhydrocarbon Groups (Continuod): 

-SH . 

o 2 

55 

56 

57 

End 58 



Instructf.ons for Table TV 

Each compound is considered to be com:esod of a bar dc group 

which has been odified by the addition of other The 

bare r; :c are iides numbers 1-7 and are either present or not 

(either 1.0 or 0.0). :or exam :31e, ethanol is a modi2icatien of 

methane, io, methane ::ith a methyl substitution :or one hydroen. 

he 2:7.st, substitutcn of a methyl group for a hydro:en on a 1,ase 

group is called a primary methyl substitution. .Lny further sub-

stitution by CH3, either for a hydrogen cn the basic group cr for 

a hydrogen on the primary subsituticn group is termed a seccndary 

methyl substitution. Inc_aac-lu to oe ac ceL here aepends both 

upon the types of atoms adjacent to the sliostituted upon 

the of carbon atom un::,n.  which the substitution is raade. 

letter ,L is the carbon atom upon which the substitution is made and 

the letter 125 the highest •tupe number (see below) of a carbon atom 

The adjacent to ihe throe nu:;:bars are as follms: 

MN,7,7? .L i .:: 

1 n7 

2 
3 LL.  

5 C(in benzene or naphthalene 

Thus a substitution of a hydrogen in eti...ano,  by CE, to or.,. 

:clad be a secondary methyl substiuL..Isn and would be denoted as a 

1,1 typ.e of substitution since T31. IL secondary met,-:_ substftut4 on 

of a hydrogen in tolueno to for ;i1 othy l benzene would be a t7pe 

or 1,5. 



Two special secondary substitutions arc defined; no  is used 
r)5

in forminz a methyl aeter from a C:)OT1LC L:.cid an the other ir 

othyl estcr Cr et::er fro::: a methyl ester or ether. ,don-

triutions for multiplo bonds and or nonhydrocaroon cups aro also 

included. The latt.2r group contributions, when added, aro subso:i 

for a methyl ,,..roup, not a hydrogen atom. 



, 
Innut for Determining ZC bvildditive Tochrique fr',arein. - 77.rcenal 

GCGT3 

   

xizz. (7)  STRUCTURE 

  

    

1 

-CH3 of -CH2-: 

iirst, 10 in molecule 2 

Each after the -.enth 3 

CH- of -C-: 

li'irst in ....n ion. 4 

Each successive one 

-Ct in ring 6 

Ring closure: 

3-membered ring 7 

-memeerec. ring 8 

6-membered ring 9 

sJenzens ring 

(including atoLs and bonds) 10 

SI:bstitutional forms: 

Ortho 1  

Xeta 12 

Para 3 

1,2,3 i• 

1,315 16 

C=C bond: 

17 

Second 16 

71; 



Isomerism: 

Cis 

Trans 

C-' =y 

idiphatic 22 

4tromatic 23 

aLlpaatic 21; 

a.Lipaa-tIc 25 

-SH 26 

-5- 2? 

-0- 28 

-0- ring 29 

HC00- (formates): 

carbon atoms or less 30 

1-Ibro than 4 carbon atoms 31 

CO, (esters): 

5 carbon atoms or less 32 

.:ore than 5 carbon atoms 33 

-F (arcfaatic) 

n1 
) 35 

0 36 

-I (aromatic) T: 7 . 

End 38 

•7.7 
 

19 

20 

21 



inpb. t 202 23 

TA 1 
r 057a tz and '2mlen:'..da 2othod 

•• - • _ 

SfifCC TUR;1,-  INDEX ( I ) 3 ',502Ti...)....:, IKaill: ( I ) 

RH 1 ,,,, nvULI 21 

2C1 2 2:..e 002. 22 

22  3 -, —J. nr,: it. i.Aiv..-.. 23 

RI 14. ..i. -.1r7T v..1, 21i. 

7P.011 RCOC 1 25 

Ae a a 6 HCOOR 26 

-7..L.,y)  .;.:., uu..... 7 ;.le.C;C:CR 27 

ROR 8 -1::.it000.-?. 28 

PhOR 9 PhCCOR 29 

ROA2 
10 . RC 00H 30 

= -so  ao" ,Il A.L ReGaai 
.., .. 
..) .1. 

1*.z5:.:e 12 RC Oat 32 

p37,:t 13 RC COPr 33 

217; :?. 1); RC 00Ph )14 ". i 

n r' (aco)20 35 

0 16 C1CH2 
CCOR. 36 

I-T.1:.;-'.c, l7 ci
2
cHcoca 3 7 

RIZI-L-,- 18 2,-CH2COOR 36 

Ri-Le, 
e 

19 NCCH2COOR 39 

20 C H2  = CHC 00R. QO 

vs 



mA7-V 117-"" 

_Trrnirc ?or r2suchida Method 

STRUCTURE 

Me 

thyl 

Isopropyl 

n-Butyl 

sec-3utyl 

isobutyl 

t-thutyl 

n-Pentyl 

Isopontyl 

‘,..1.1.0, 

Neopntyl 

n-hexyl 

isooxyl 

n-eptyl 

n-Oc tyl 

Vinyl 

2 

3 

7 

6 

7 

iZ 

9 

10 

11 

32 

13 

14 

15 

16 

17 

15 

2-:iutenyi 19 

1-henyl 20 



3'L 

Consoldatod Groun It :nut Tablo  
AADJ.,T 

GROUP IN= Foo 

-CH, 

,Ch2 2 

0 not including C.-  OH 5 

=OH not including C'..?0: 6 

=CH2 7 

=0= 8 

—t-177 9 

10 

u=u 114  

C =0 not including C 15: 

-C ,cH 16 'O 
,_ -0 ,..:,) t Incudinr,  V . 17 -,„c.... " Oh. 

:-. 
18 

er'" -,„:,0 

-1'7'2 • 19 

20 

,ft 

22

23 

24 



GROUP 

  

   

X-i7, aliphatic 

=..NH aliphatic 

-NO2 aliphatic 

-611 

-603H 

Si' rhombic crystal 

-6- rhombic crystal std. state 

-C- ether 

-0.. from GCLYJ and BCVD (not -CH) 

=0 other from GCLO 

-0- ring 

-0:i primary 

-CH secondary 

-CH tertiary 

46,64. 

"%4, 

C=C - trans 



cia 

INDEX 
:12 

V Nn n/— 
U74-tq 49 

;,C=CH 50 

C C=v1 ,_ .... 
.1.../ 

.." 

‘ E. 
" ..4.1 12 A 'C'" "F ..;,..1. 

C/ ti „ ,L.,- ,,..., Ln- u- ..,) \ 

CH
3
-OH $6 

HO-C-H Er' 7 

-%.,1-;2-Oa from BKO internal rotation 59 

-CH phenol 60 

-CH ring 61 

-CH- -n-; • r g 62 

ring 63 

,C= ring 61, 

=CH ring 65 

=C= ring 

C=.0 ring 

_ 
11,4 I ... 

ring 

-5 ring 

oa 

67 

68 

69 

70 

7,11L,
2 aromatic -",  

=NH aromatic 

aromtic 73 



  

Vii,-•-r 

r,3 

    

C, cycloparaffin ring 74 

Or cycloparaffin ring 7!) 

C,
4 cyploparaffin ring 76 

C
3 

cycloparaffin ring 

3 membered ring 7P 

membered ring 79 

5 membered ring 
pentane 

pentene 81 

6 membered ring 
hexand 

hexene 

from L).:ill internal rotation 

CH3-0H2- from BKO 

-O-H from BKO 

R.0- from E KO 

R-CH-= (TM La) from 3KC 

D (TYP Vb) from 1.7K0 

=CH-OH= from BXO 

from BKO 

..p.0.-: from EKG 

CH
3 

from 31(0 

RCH BKO ""2-'-  2 

NOTE: chocsc bonds as similar as possible to the bonds in the 
compound for the BKO contributions 

82 

%a.) 

84 

85 

86 

67 

88 

89 

90 

92 

93 

94 



I7L-SX 

.15.4e,7^ 

s 
• 

91 

96 

144, 

CH 
2 

97 

98 

99 

:SE2 IOC 

S 101 

N.,. 102 

0 103 

n; Alvw.,71/4  

quaternary C not adjacent to terminal methyl(paraffin 
chain) 10 

1,2 Eimethyl or 1,3 methyl ethyl 
(correction for aromatic substitution) 106 

1,2 Zethyl ethyl or 1,2,3 trimethyl 
(correction for aromatic substitution) 107 

-CH2-0H from 30V 08 

double bond between carbon atoms 109 

triple bond between carbon atoms 110 

ethyl side chain (paraffin) 111 

3 adjacent CH groups (paraffin) 132 

adjacent C and CH ;:roup6 (paraffin) 113 

adjacent quaternary C (paraffin) 114 

side chain with 2 or more C atoms ,lf 

Benzene from LEHY 

Naphthalene from DE12 117 

NOTE: aaze is structure type only and is either 1 or 0 



GRAY.? .7.•=a 

    

Aniline TIT 

 

rdialkyl Carbonate from BE 119 

from 3.L.,-.,22 120 

Phenyl acetylene from BEE? nn 

Phenyl cyanide from Bag 122 

Aceto phenone frau =F. 123 

77.!--1'  TT; is Xethane W. II A....J. 124 

Methyl amine .147 

Dimethyl amine from BEHE 126 

^ Dimothyl Ether ILLIEW 127 

Hydrogen 128 

Nitrogen 129 

Carbon 130 

Oxygen 701 

Sulfur 132 

Arthracene 133 

C1--CE3 
1314 

Cl_ 
al 

H C-( ---Cl 3 -  136 

V wows 

%al 
T1.  

• n nom' 
0-• 

C1 
C=4" 

H/  

11;:o 

2:: 



Cis 1,2 

trans 1,2 

H
2 ' 
(e.) .1.2H(g) 

C(graphito) ..?-0(g) 

02(g)-1...20.(g) 

F(g) 4.2F(g) 

C12 (g) 4-201(g) 

75r2(g) 4-23r(g) 

I2 (c)
2
.(g) 

I
2
(g) 4-21(g) 

S(c) 

Y.
2
(g) •=0.-2(g) 

S. as Sideal gas 

S as 52 ideal gas 

P ideal gas 
2 

-CHa  
3 

-6° 

-CH
2 

).12 

143 

144 

145 

1.46 

n :a4; • e7 
.  

1LS 

149 

151  

152 

153 

154 

156 

158 

159 

16o 

161 

169 

164 



` CL: / • 

-0+ 166 

-05=CF 167 

-HC=dri -68 

C-C including resonating suructures 

C-H including resonating structures 

" C n It ti. 79 

CEO II n n •-rq 

1.1 

C-01 

St 

IS 

n 

12 

11 

11 

'17!,  ;••• 

175 

C-Lrr 11 11 SI '76 

C -I 11 It It 177 

C-N If 11 12 ••••• 

11 II St 179 

C-0 ?? 11 SI 

C=0 aldenydes including resonating strudttires 181 

C=0 ketones it 11 "..P9 

83 

'184 

C -!86 

SRSb../ 
157 



0-0 "4.53 

3.....0 

r• ....0 
%. 

a.89 

190 

191 

C=0 all 192 

Single branching .\ 193 

i 195 
trans 1,2 6 membered rirris 196 
cis ,_,) cycle paraffin 197 
trans 1,3 198 
cis 1,4 199 
trans 1,4 200 

Singl e !1  U1 2T 

Double branching 
n 01 
4.3.1. 

cis 1,2 

Double branching 
1,1 

cis 1,2 
trans 1,2 
cis 1,3 
trans 1,3 

Double branching-N. 
1,2 
1,3 
1,4 

5 menbored rings 
cyclo paraffin 

Aronatics 

I 202 
203 
204 
205 
206 

207 

209 

Triple branching 
1,2,3 
1,2, 9 1 
1,3,5 2-9  

S as acT:z 

S as ':.SSR 



3 

4 

5 

6 

7 

10 

2 

Acentric factor 

n010.01 J.L4..CyOr 

Lennord Jones parameters 

ideal gas Cp— C
0
() 

Heat of formation 

Entropy and free energy of formation 

Low pressure viscosity 

High pressure viscosity 

Low pressure thermal conductivity 

High pressure thermal conductivity 

TLP.T;'. 
Inl-ut for the ',Eitimation of ?articular Physical Iiropertics 

APkC 

Read in 1.0 if proper4 is desired and OGO if not. 

PROP= 7NDEX 

Vapor pres;:ure 

DELS, FUGCOF, V, Z 

CV 

TZQUID 

.1.. r. 

13 

Density 

Coefficient of thermal expansion 16 

Parachor 17 

Viscosity 16 

Ha at capacity departure 19 

Isothermal enaalpy departure 20 

SurfaeL,  tension 21 

Isotheraal entropy deviation - 22 

;39 



FORTRAN IVL30 flUCEPisUGRAPI 05/13/71 PAGE 0 

1 PrZfT.:Ar! CHL301 
1F4C,(?.1:-.0,11.01E(216),FriU,R(716),If',CF(216),11)CP.0(216),. 

lICV(21o),JC.CLY(2lh)riG(.S(2. 1,6),1FCAliC16) 
'.Ai-i:(2:1)..isCLYn(// )1,1CLYD(41),vc.t..yo 

5 1(41),...1 14),(56),C1RiiT(9/ 1 2)/ACP(2i.;',5), 
2CIVL)7,:,ISC37),n(:;),141D(4 -1/ 4 )/VDPi0,2), 

7 3'.;:y 2 ),TTP9),Fil.K(65,9),1iE(40),G.3( ..38)...PC) 
4(4,Z.),Y(20),ATr:(1!;,),Ro(13),(;CLYDC41), 

9 17), F5coRD 

7i5CVn( 0),V,..n(ii0),RChE(40), 
12 
13 '.'.;CoF(14),APA(23.1,2),PAC(1_73) 
14 Ar.:17(21;n) 
lj fl.F S1;:l  

1APP(4),A.:Pi-(4),PP(4),briPP(4),Ci'r(4),CPP(4), 
17 
113 :AAqi.(9),iPAC(216) 
19 A(4,6),A0C(4),AWC(4),A0(4)/(4), 
20 lAr(4),AA0A1(46/sCAilAi(4A1 
21 9000,(I.sCin(?),I7-1,216) 
22 kLA11 900u,(1"-ecli-(I),1=1/210) 

- 23 V00,),(ICi3P(1),1=1,2.10) 
74 c.t.,,(Ii5CF(I)/1=1,201 
75 
26 (1,iCVM.1/3 1.=1,211A 
21— 1., P-1,0 Y3((1GCLY(T),I=1.02 1 (3) 

1.1A1) 

kE;;!) ')00,(IPARCC;),I=13.2DA 
31 kEA;) 1019/(AYIC3C Nij :1•7:i. 9) 

r4. -- 017/APP(I),AUPP(1),E5PP(r)CPP(1),CPP(1),CI:PC'il), 
— 14L1-r(I).,..7Jdq1P(1) 

1.) eZ.EA r)10)9,(ThKCI,J),i-1,4),j=i9 )  
sE• li17,(MI(T,J)9I=1/46),..=1.,4) 

37 b0- 5 
7,c1 3 i-;EA: 1.122/(V5(1,1)/i;13n(I/1)/VD(1,)136(1-,?),‘,/:M(T)) 

'./11  4 I=1,4-1. 
4 IsF.,x 1002,7c1_V...).(j),PcLYD(I),vcoom 

1023r C / 5.1=3.."1)- 
42 i ,D04,(AC(1))17-1:;13) •• • • 
43 RF  1012.,(CCY.Rri-(1JJ),1=1/9)/.1=1,12) 
44 1020.(1)/I=1,39)- 
45 1013,((ACP(I,J),T=I,2Gipi:-'1,6-) 
46 kr.,+a )014,((LIVii,j)ij=1)S))1=1/37) 
4/ F 10:0.11(Tiii),I=1,31) 
1J KLAu 

r' 'L' 
1016,(D(1.)..I=1,t)) 

4fi 1011.0((!),I=1,58) 
50 101:i,(Tr(1)/1=1,9) 



IF URTRAN Sfl,)1:CE PKWAAM 05Y 1V71 Pai: 0 

"1 

'13 
54 

;;E 1C,;!3,,  ( (1),T74 3,3m) 
102,(CP(I.P.1),J'.122),I=1,40) 
107.0,(Y(1))izlip?0) 

rF 1 leOtt,TCYPC;iC/V,]!..S,V:),01MLE 
i0:A;)  

56 10LJ/CP,CV,L6Y,niS,Ii:)V,1.J:] 
KEA0 191.1,0,IiICLAsOELS3File-Cnr 

L\1) 1.013,HVO.,EV.3,W7 2.9b / I,F,EFAFEi.  

"'AO .0l1, IHC 
AO kE.:01 1013,17-;;StLii,.iTCAP / VISCPVLSND'APARC 
Ai 101:,,;:F.:TA,S!3RT/CIFTE 
A2 809 
A3 F1089 ', FAO i.i0:, ,APAC , 4'1),APA(NR?) 
64 krmo 
65 In 200 I,:,0X=;):.: 

67 1002,j 
kF;.!) P0Ai..,(CW)E(CL),41.=1,34) 

69 liD:M=COOt(34) 
70 1004,1C,PCAZC,VCsfEyVI,)IPULE 
71 kin() 10F31,AiC:i3 

1060)(GC:;o(I),I=1,10) 
RFAO 1080,(i016o(I),I=1,1j) 

74 eFAD 10e.2,1viT,TYnT 
k ii 1002/X",V1);,4 

75 KEAJ 100/(C,C113W(/),1=1,10) 
77 C IF ALL rYYSICAL ttNE T6 FE_7 CALCULATF!), 
7;,1, C CALC=1.0, CALC=0.0 
79 P.111.0 101L',C4LC 

42 

C 
C 
C 

Pr.UORA:i IS CALLE!) IF ALIQ=1.0,IF 0.0, 
CALC61.1'..ri C:iNTINUF. IF ALF-)=-1.0, 

CALCULAFE AP.;) THE. 
L CALCWuTinN IS APPLIED 

;14 
5 C It': A S.)'-7(it'IC P!....!si:rY IS Ti iij CALCULATtO 

P;;) C lkrN iF ;1.:1 ,!‘PAC0.0 
S7 

C CSITAN1S A,. ArD C 
19 rriu 10:7:pi,4C,BAC,C4C 
9() C Li%)011) VISC ISI 1Y PIJIT AT 1EW'hRATORE TTT 
91 C VISCjSil't IN CF::,4TIP;i1S J4 1''U 1F.IP. IN nEo k 
n2 2000,VISCPT,TT1 
93 C Lrmip SiiFLCL Ai TF,V. iiTT 
'14 C SU.:FACE fF(.SI:!N DY9LS/C;1 AND TENP. OL?C", X 

A 71 20;)0, SU'AWT/FfT 
C A4tc:t.i IS "1"F rif: A i.)AR-iICULf3!: 

qU C OF 1M. 214 LIST1 
(AArIA1(),[.1 =1,3.2.) 

C r.h..1.1 IS THE :!U;F, TP1 S 'THE PARIICULt.k , .L) IS 
1n0 C PREST 



SFURCE Pi5GRAC. CHL301 POGRAM n5/13/71 PAGE r,  

1'1 
1,1 2 

10b 
1n7 
111F, 
1,14 

110 
111 
112 

114 
115 
116 
ill 
11 
119 
120 
121 
12? 
173 

-174 
125 
126 . . 
1%1 
126 
129 
130 
A31 
17;2 
-133 
114 
17.5.  

- 1.10 
1:17 

'1 

140 
141 
142 
143 
144 
145 
146 
147 
14:1 
1 

C.1 

(;M ,=I,'3) 
KiM0 

1=1,1r.1 
100Z,isP 

• 

• 3000 .=1,2.14 
3;./j6 ADpIC0=0.0 

1F(AAAriM)) :5007,30050007 
3007 ,1=1,214 

0:( (M)) 3001, 30i 
,nAy(;,)=(,ADAT(M) 

aool 
300., C.:.r.Ti'AjP. 

P;1i-1 I 
1;(ALI:J) 797,79799 

T%) IFCCALC) 142.0,610,;:+20 
L.20 -Ni) 1 =1,14 • 
79, AN.C(:1)70.(,  

• 8..)0 ;!=15,22 
AnCu4)= 1..0 
• lu Olo - - 

-810 un 
811 APAC(N)0.0 

670 
1FiCALC)A40,;J50,64D 

640 
i;PX(t)=;..0 

N-15,?.2 
642 

60 
85G :;ii ;:.51 

AACCi)=0.0 
T!..1 

7Y1 tj L.ALA-(6AAC..4C,'CACsiii-AC) 

67(; 1.):1  957 L=1,15 
9.5D0 ufj r)- f)7 1,22 

L'.1),:'(..(:,); 9557.1, Y)f:;7.1,9553 
9553 

9.5.54,9454,9;;50 

n;),.'.1,, (1 

9554 



ORTRAN IVL7)0 SUURCii CiL301 PRIVAAM 05/13/71 PATE 0 

11,1 9557 COLTIHUF: 
152 0=1.0 
153 X=1.0 

n=1.0 
706 
1'37 
151; i-14m1.0 
159 

M6=1.0 
i(1 h7=1.0 
162 :Jr) 40:-1 0 1=1.014 
163 IF(It-Ci4(1)) 4001,4002,4001 
164 4001 i('-'.(h)=-A0A1(1) 
145 
166 4002 IF(ToChi-E(I)) 4003,4004,40n 
167 /00:,1 J(:!.F(.4)=ADAT(1) 
1!,/4 

IPAIoCC,A(I)) 4005,4006,4005 
170 4005 ;(*.:%R0(r1)=AfIAT(I) 
171 ,J74'14.].;) 
172 400;1 IF(IhCF(1)) 4007,400,i,4007 
17.:3 400? (,i2)=ADAT(I) 
174 
175 4(jO8 IF(PACP.0(1)) 4009,4010,4C,09 
17o 4009. 1.Cr.P(M3)=AAT(I) 

. 177 (.13=q4 3-1-1. 
173 40110 IFCTAVO(I)) 4011,4012,4611 
179 4011 M.".V4):L.A0AT(I) 

M4=4+1.0 
1e-,1 4012 1F(I(...CLY(1)) 4013,4014,401:3 
182 4.:;13 1CLY.i(M5)=A0A1(1) 

65=:4y4-1 
14 401,;,  IF:16C:)(1)) 4n15;4016,4015 
iPb 4015 Gcs(,i6),--i“)Ar(1) 
1. -!6 
137 403b 1F(ILCA'5(I)) 4017,401P,4017 
1A6 4(Y17 F.C.,,(i i7)=ADAT(I) 
1:1.9 
1'30 
'1°1 5W.:)1 1 1-:(70ARC(1)) r,OO2,5005,5u02 
192 5C.0 WiCi.;(1_2)=Al/AT(1) 
1n3 L2=L2+1.0 
1?4 5v05 
1°5 41A0 
190 ;.)f2 6 J.i,13 
197 6 :,), (J)=(). 
1');, 
1(!9 (Pc,;;T,TPCATh,, TC,LC,VC,V1.:,r1HVyCV;., 
2no 1C.;1E,IXLIIAIYI.,T,14:1CH3APCLYDAGCLY0,TcLYD,Av!1, 



PKTIGRA!.1 

2(1CS,O....,Y,VCLY0.),(1CuRjAkni0 
2(12 ?222 ji7()[:(1)_7.)clb,67,6 

207i (o 11-(CiiOL( ,!1)-?..)6:.,61,6A 
?14 6,3 
2:15 67 H ,"):(15)-1.!.,. )70,71,70 
2rie, 7) ' ; =i• 
207 • I 

2n •, 0:)U0,6000,700n 
7-,? 1)3. 

2 
211 70 C ;J;-,.:11= 
212 11.10,10,7001 
213 7001 CALL ..LCvi (AcP,T,cpn,xN,Am,o,iicnvm 
214 l;0 IF(C:;')E(12)-12.)72,73,72 
215 72 Cft;1- 1;4ui-.: 
216 it:(hPAC(5)) 6001,5001,7nC2 
217 CALL iHP (11-,IRK,T,F,C76,b0,HF296) 
21 3 6001 61.1  11J 74 
219 7;.$ .1 1.-(C,L(16)-16.)7'il76,75 
270 75 1P(CHDL(17)-17,)77,76,77 
221 77 
222 79 
22i 6o 
27:4 F(APAC(5)) 6002,4002,7C.n.r's 
225 70C3 CALL Vi.P1F . (101/6„ohP,L!ii.,&76,6CV/VDmi,HP2cn) 
226 61.'02 WI Ti 74 

227 73 rel(.1-?9.1.)76,62.77-1 
27.1, 82 li-:(ccuLii9)-19.)('317o,b3 
229 03 Cr2.-TiriuF 
230 J (APfiC())) )3/7004 
22.1 70.)4 CALLcE: 
212 6,103 GP 1J 74 
2'.;..3 7 0  
234 74 C:1-Tii:OF. 
235 11- (1101,C(u); C7';,7,7005 
2:36 70(0) CALL (TyAl,:-AfE,Arfnl,1F-..,FEr)GCAW0C,FCA4 t!F29'01 
237 :37 

IF(Tm'-).35):::3,W)sfo 

90 
-0:(Ai)A((0) 6104,Z“)04.9700 

242 7.JC)6 CALL kALi,HA (101TC,PC/ ALPHA) 
(;; ,01; 

2411 8,, 1(CG!)LC,!5)-/:).F.2.1,v?,,(./2 
245 13:*; (.:1•11- 1 
26ô YP('inC(1)) 600!,,6o0,7007 
26-7 737 C.r.L L ( I HE I A 
24 ,n 

249 :P(.A,, ,:C(/)) 60.36,6w16,/n0 
250 7')(; CALL ALT.M. (,AL-''-'A) 



FTRAN snukcF. PROGP.A:.; CkL301 2RDGRAM 05/i3/71 

251 

2"ii) 
?S4 

256 
2.s7 
?r4 

259 
2(-0 
261 

(-Jo() 
92 

95 
o- 

97 

7t)09 
91 
rA 

100 

c,r1 IG 33J3 
IF(CH:)E(46)-26.)5,93,95 
1FtC,11):(32)-34.)6,93,96 
ii:(e0;.8)-2!;.F)7,03,97 

IF(Avt:C(2)) 
CAL !IALI-HA 
II7(Cli;L(L2)-j.2.)9.;,'39,98 
IV(C.i1)L(16)-16.)10(1,99,100 
CTi.a) 
1F(APAC(;.)) 6(,07,iy:,07,7010 

262 7010 CALL Pi:. (TCAPC,T:.,ALPi4 A,1,0 
2()3 6901 1 213.'3 
2f,4 99 IF(CL(15)-15.)]0!,100,101 

IF(CHL(e.1)-2].)102110,102 
1C.2 1F(C".1.4)-14,)103,i00,10th 

2:',7 103 (o;;II;ioc: 
It. (.4PAC(1)) 3333,•3'33.:;,7011 

21.,9 7011 C.".LL 
27() C LN AKI ILl 
271 3333 IF(CunE(o)-h.)19),105,10:.) 
212 191 J(L.iI'uJlj 104,106,104 
273 1u4 i4's (2)=2 . 
274 Gr. 10!:) 
275 100 oIPPLI:=1.44 
276 GD TM 104 
27 105 Cn.47.1.N0h 

278 jr(APAC(2)) 307,107,7012 
279 7012 CALL Sic,jP(TCy4C,PC,F.N6Y,D1S,HS‘J,VC,CIIDE(6),C5Ot 
20 1(4)) 
2;1 1 107 (ALL :7. (TsP,Z,t123,V,)ELcisbELS,i'uGCnF,271,22/7.3., 
22 lIC,C) 
2;i3 c,f.1 76 1211 
21 4 1[3 IA . . 
VI% riA 190 
2i.!6 124 C.;Tli:611 

IF(APAC(11;) .50SCp60,7014 
28 7TI4 CALL KrilVP (1;'5,T(.,;'C'T/ALPi;A,VP) 

6.,50 
2')0 CC=0. 
21 
492 71...0.4 1F(C...F:E)-6.)13).."1:12,132 
2'13 131 

ir.(1:C(7)) ",.,.:10,&.0jUk7015 
7..)15 CAl 

296 
20 (- 0 

13 
IJ 

3i0 1.34  



1  TRTRAN IVL10 Snui4 CF. PKriGiZAti CHL301 NOGRA!'i 

3'11 
:02 135 
.v‘.1 

304 1:52 
305 
3no -1;'16 
30I 
Y'''b 125 

3-0) 13(1 

31 
312 137 

31.1 
315 139 

310 
317 
31E 12b 
519 1?7 

32) 1213 
3?.1 11') 
372 
373 73)7 
374 6cilz 
3,75 129 
326.  

7C1C 
62/13 
13U 

>VI. 701v 
131 
112 
141 ' 

P220 
t))).4 

113 

Dip) 

341 7,.;21 
61..1.1) 

14(..) 
344 

;. 5 

349 

350  

Hi(5)=5. 

1."36 

11- (ii.t.Ci)) 6011/6311,7016 
CALL 1:1,i,1 (1,;.,T,F.!'!6V,IITS)00) 
• To 111. 

1FiCL-1.)136,137,137 
CC=1. 

10V 

6f.1TJ li4 
1F-(CC-1./1a9,137,137 
CC,71. 
r.g.1 12/ 

IF(C'JDL(i9)-1'7).110'),12o)109  

1,(r.:VE(5)-5.)12',129/ 1 1(,  
IF(CjF(41-4.1110,130,110 
Cr\TINuE 
iP(A0C(7)) 
C4. .S1 ui 

• TJ 111 

1P(APiACL7)) 
CALL SI'LE)3 

I. CO,Cri4U.F. 
4( (7) 

CALL'sn'?. 12 

Cri-T140 
IF. CA:'AC(A)).  
CALL ,IST!..J'i 

W)1.2.76(ql,07017 
(1,1.:L.1C,PC.#7.CAu0p£,I25/PHUR) 

ou1ly6(.13.001r.i 
(T,4T,TC,n,ICIUri,&125,RHOR) 

111,1.11,7019 
(1,;T,TC/PC.,7.C,00,C),2/RHOR) 
6!)112.s113,11;.! 
(-5.0) 14c,.:.41,141. 

•6014,6()14170k0 
(TC,PCYVC,V,UL;OT,U,E,142,RH.OR) 

• (111 114 
AFCCJDECL) )- 6.)140,1A11140 

1P(ArJACCi.,Ti 6015,6 ,702i 
C4LL C:yj (1 yU1,V,Y.,1:iSV,u) 
• TH 11V- 

IF(AOACC:0) 6)16,601c7.00i 
CAiL JSIL2 (JCAPC,VC,V,Uu,JT,U;k',142 ) 

10 lift 

ir(Alq.((13)) f.:017,17,7u2.3 
CALL WI-se',  (T,%/ATC,PC,CPnJCP1 



toRmAN Pa6RM; CHL7',01 PRrJGRAM 0,;/i3/71 PAbE 0 

371 6::117 CrMT.tui: 

3'13 IrIAPAC(L4)1 601)/(1N0,702,4. 
704 CALL r(( '.: (T,V,1C,11.,VC,CP,CV) . _ 

35 631) C;I:,-iWoi7. 
70;6 iiI(AP4.C(V)) 6r.)51,6%)51,7025 
351 702) CALL (1,.:J/TC,V,T6,6,CV,CW)E1,CODE2, 

6051 C..1,1- 1.!.!U 
1F(UIDL)-4.)115,116,115 

116 ;,3(11)=11. 
31)? 

115 IF(C110L(:,)-3.31.17,1160117 
3f-,4 117 IF(C1i0E(,:7)-27.)11,,116,113 

11 
366 119 IV(PC-P/120.,12.0.11a1 
367 120 .34 C1)=1t). 
3 bfi To le'''. 
369 121 Cri;171\07 
370 IF( (10J) 6020,60-/10,7026 
371 7026 CP,LL srp. 
372 C•1 Tii 
373 162 . W(9)=9. 

PAKT V 
cir.cri;:i.11- 

376 ici3 CALL °pi (PC,ZCI,VC,V,i,TCpf,P,:..1T,NAYMI,CP0, 
37 7 
376 CALL PJ2 
37') 11,ELS,F1 j.6k,OfyuLiA,P!..nr.:,u;Y!-ICC,VIC,AAYWiPOLE, 

2bs1,i)27.phF291i) 
371 CW.TI:41) 
3'2 IV.(APALCiqi) 2.90,2V30/2cini 

3 29(1.CiHY,Jt.:N(7.0 0 TC,T,V(:?Py..C,DENS/LIELPR,I,iTi 
73;4 

!Th cdri_ ;TC,CL-:V7H,F) 
3'6 ?9 -J2 
7..0'. / 29‘)5 CALI  

29')4 1F(AP!IC(13)) 290.0')06.,7V(17 
29J7 CALL :\11::, (OP.:SaTcr;ITAVISCPT,T,IC,VCYPC,I,VISC) 
29:,0 TPUW21C(19)) .1:P,)1.52')ORA21')Oci 

34 ; C.A.LL 
3 t.'? 
3:?3 
3"e Li.:(At'AC:LO)) R)10;2'.'10,7911 

?111 CALL. 

2(./1 1 -. ;(1C(/.1)) 21:;1 4/?916,7V1:,  
Y4,2 291_, CtLi. (APA;-:C)S,7';:Til.::,SUKTE9T'IC,St)RIPT,T177; 

2114 Ii(%0A,C(f.2)) 2910,2,2)1! 
/00 2911 CALL (P)PCATAiCAVC,DLATA);:ELH) 



tripTRAN IvLAo soul:LE picoGRA:1 cHoni  PRHGRAM G5/13/71 PAGE 

41.fl 101/0,i,LPHA,iC) 
4''2 291 6 Cfis:rilT0i: 
403 CAL °L-i4 
4°4 TC, VC, 
405 
4;1(, ?JO C -1:411:J.Q.,  

407 ?COO 
40::1 2.:117 (11:15./4F15.6) 
49 3v0:.) (F)0.2) 

410 ()F.1.29r4.1,2F4.1) 
411 1010 irimAl (1-10.31 
4.12 1i:11 E(.1:.c.;siAl" (,:F1.0.3) 
41:5 1C1 L (12FO.%) 
414 101,i 1-6Ke:AT (0FIG.3) 
415 PJ14 iH.:r1AT (6FL.,,4) 

416 101.) 1-flt,;.1Af 
417 luiel •  
416 1011 Pip;-,Ar (4F10.6) 
419 101ii i-Or.AT (F10.1) 
470 1J19 (9Fc.2) 
421 1) i 1AT (5P10.1) 
422 10?.1 Ffli, mAT (i10.4) 
423 1J22 r (4F10,3) 

424 1—.73 *ri.!•IAT (01--  

42.5 1031 (7/v,) 
42o Vm:.mAT (1.0F7.1) 
427.  ',VAT ( / F10.3) 
4.

• 
  1)l F•ATCr] c,.:.)  
479 f- 01-01A1 151:4 

- 430 1.)03 
411.  1..)60 Frjr;;AT 
4752 1 ...1W; 1-uo.,:iAr CA110.3) 

.(zI5) 
4-;4 1117 !....RAT (5F10.:5) 

1122 'rri,./AT 

af)b6 (f.:F10.;) 
427 9V.`0 r.IA I (1612,917,1077) 

STJP 
459 

o 



f- nRTKAN SCUCE PAT2 SUPIOWV;NE. r,5/1/71 1't6F I) 

440 PAItT2 
441 
44z. ?k,r1S7i-'1),Y7V: Ploy ) 
46; ;q:“-:.;51;1: i'CLY0(4) ),TCLYD 
if it 1 (41),CJOLC:31),AV,!(1),GC:1(17)1P0 

2(4%'/2),Y(20),VCLY,)(41),Go(3A);GCG;;(10),AM311(10) 
4/.6 TF(PC-O.)..CJ,10,11 

)0 CALL LYOPC (PCPU,'.4iWC,(,CLYD) 
11 CALL i1CLY077;IFATA,C7CLY0) 

49 P:(TC-0.)12,12.41; 
/00 1:3 1F(LC-0.)14,1015 
• 15 X=0. 
4c2 1F(VC-0.)16,16,17 
453 16 CALL c,LVC CPC,TC,ZC,VC) 
414 17 IP (Vd-0. /1.i,1 19  
4S5 IF(CoC/E(10)-i0.)20,2,1,20 
456 21 CALL SVi-; (AVP,,Vh,GCS) 
457 G5 LI 19 

2o IV(C.L1.ii-A1),-1:;.)22,21,22 
4"V ?2 CALL (VC,PC,V) 
() 19 TF(X-0.)50,50,51 

4r,1 fir; .11-7 (T;i-J.;2fi,23,24 
462 23 IF. (CoUi- (11)-11.)25,WAD25 
• 26 CfALI NATIB (TiiEATA,V0,1A) 
44:,4 Cr:.ii L) 24 
44,5 25 CALL (Pf),Y,T5,TAFAT,IY:AT) 
466 24 Ct,LL (PC,TC,Tik,H0,,EVB) 

GU Ti) 2222 
46b 14 0- (r6-0.)27.22.7.,?i$ 
4F-.9 27 1F(CIAM:(11)-)1.)29,710.929 
470 29 CALL ilT1- 1 
471 
472 30 CALL LYLY1i3 (THEATA,7C,1B) 
473 2in INVO-J.)31,31.0,2 
474 7;2 C4LL 1.1 ZL (PC,TC,VC,[..C) 
475 X=L. 
47o L.IrTj 17 
477 31 CALL LY:JVC (VCLVI,VC,(.CLYA 
4Th CALL 6L.n. (PC.ITC,VC,LC). 
47') 771. 
4P0 (J."; TJ 17 
4'11 51 .  C::LL RPS (0C,TC,T,HVF;.,Evi3) 
4;2 GO "1,, 22/2  
• 12 Ir(T:-6.),33.1.3/1- 
• 33 1 1-:(C.,)C(11)-11.)3k,.:5,),35 
4:25 7f;!.1 CALL 011., (P:)A Y/1. ,TAnT.I.MT) 
4(:.6 34 CALL LYD1C 
4;i7 • 43 

4A9 37 IF(VC-0.;9,39,4') 



PPRTRAN IVL30 S:1JPCF PI:j1C,AK PA ID sdkROIITINF ns/J3/71 PA6E r 

490 39 CALL SVI) (AVII,Vi A C,U0 

4r,1 (.1 11; 5B 

/0'2 40 U- (C.J',F(10)—.)1.1,3),/il 

403 41 
4'4 4e! CALL !,L;.411f; (V(,PCJV'i) 

36 CALL (1ALA14,V.,TR) 
496 CALL LYOIC (1;;isiliCATA..1C) 

417 4.; iv(V(;-0.)4/.144)45 

416 45 IF(ZL-0.)4c:46,47 

4-)9 4o CALL C,Ltk: (PC,TC,VC,LC) 
500 WI Ti, 4i 
501 44 Iw(1.C-0.)4i,y4:1,49 

502 49 CALL GLV(. (PC/TC,LC.JC) 
5n3 6r1 Td 47 
5r.4 43 IF(CJ!IL(1.3)-1%5.)5,53.*52 
5n' 52 IriC:i:,L(..)-4.15.6,51.54 
50o 54 IF(Co,1::(5)-5,)55,51i,55 
5n7 55 IF(Cf.i;;E(7)—(.)56,53,56 

500 56 F.: (CJ:)EC%2)-22.)57,53,57 
509 57 (1(CH)L(e.0)-2;).)5r51.s.,5 
510 ,6 CALL 61QC (G1;2ZCJA(;.JI;:iCGii/AMGB) 

511 CALL P.f.) .5 (PC/TC,Ti:,,HLIRJEVE1) 
51.2 C.,:1 IL; 59 

51. 5-3 'CALL kPmr,s (Pc,T(;y -i!,,HVR,PVU) 

.514 CALL LZ.0 (11V6ILC) 
515 59 CALL U.LVC (PCATC,LC VC) 
51;) 47 IF(V.i-0.)60,60,61 
51Y 6.1 T.1 - 2w. 
.51 -3 (''; 1.:J- CCIAE(i0)-1).)62,(-3,62 

519 62 IF(Cu;)F(i)-1,)64,63.964 
52C, 63 CALL SVh (AV,V,6CS) 
521 PI v5 

522 64 CALL. INE!.1v... (VC,PC,Vh) 
65 :,11 I li 2?e2 

..
:).??It 2222 Cii.11..C.ait: 

525 C PART 

526 
527 L\,) 



1TFA 

529 

52 
5 1'4 3 
5 "4,  

i VL 10 S1R.h:CF PkilrA;.i Pill SUf%KRUFP41:: 

Pi;) 

AA,V, 1,ZZ, 4z) 

. (l3) 

I 1 10e,ri 

322 (:jiVIC:Usii•i),!.•!.N=.1 ) /1.:1) ,;•11.  
)10 ,10,11 

f)5/ 3/71 PACE 

515 1 Id i 1'..)70 a L la 
5-.k o  

5;*1 PP P!.1 T 
5:36 rfli jTi6,F 

PR Ii j,V 

54C' Pk j!\!T :Li:QR., 7 

541 PR It ,  

542 Pjr 1C.; ..10 / Vi.) 
543 R I i•; '3 1, C 

Ri.;IT 3. 2, C 
545 Pi,: 1::•32 Vt. 
S46 P rU T 1 1i ..- 
547 
54i3 itiI 10 -1(Fr ALPHA 
549 P ' I1 

551 
PR 3NT 10 ..m,cP!', 

( ) -1 43,14q,.1 43 
552 1.44 :);-Z 

5'73  
5f4 143 Pi •".:.1i 1)1,C' 
5!•i5 P"Pj i042, CV 

102,4 FiikilA ( j.hc, ,1) X,744/1H0, ) 7X, 1 7= 

(1.5Xri'').2,1/r rILG Kr 1 0 PX.r 1 T 1 / ) 
5;:;') 1:32r, (15'Ar F9.2, 7X, °AIM, 1 , 1.4X, ) 

C CC/IC, cli.ILE r  1 ,2X, 11.11 1 
5f1.1 i 10,.:), 24X, 1 7 1 1) 

5(.2 1C29 (1.5X, r.:.?•;-5,  tX 9 11``,G )12X, 
1 ••1..-cr111_ pl /) 

1.1.,31"? CC R.; 
5 ;;!11...;xe, c /54X, iPtAv.11/) 

5 4- 3 11:') ( 5Api'').?27X.p V, iTC' /) 
1032 Si., Fc.r• 7.4,, I AT KJ, I, 3 4X, 1 PC 1 ) 

5 Xy 1 VC 1 /) 
.Y•9 1014 5AP ?4Xy Z( $/) 
5•/;) 1. t-;;p,,,, ,IT (15x, ;7: lc,. I AT?' .9 i4A, 1 \j.::" LIR !...; SURF ° / 
571 :"•:%, 17. r( i'5;taf-•;,.2). r 1 :•?. T ‘.71E: A c'rn ,,i t/ 
572 ( 1 AC.F.:%!Tk I ) 
571) gr 1 .:1X, l) 
574 1 I I,I) 

575 mATC.F.: Pi; I. 
576 1 ;,17 ) 

577 1. 1 [21",1:1A1 1 5 .7 CI • '3) •DX.9 C it, ) 

0. 



• n T V!.. .1 ::!i• 1) 1  "f  7:: it .5 1.00TINE 

5/t: l0..3A0A,ICAL/G AaE-(':G K,0 1 ,1X.P 7 C0i) 
70 uqo F!;1,T 7H LARGC, 

5n1 



tDRTRAN IVLVJ ..)110:).CE "P?. SUnOWTINF 

(liV:',ILVh,iiFrrt'AFErsENGY,DIS,HSVp 

,V(13) 
1(( : (2)-2.)145,146,14 5 

145 pki l  
pRIT 10114,DIS 

1.34 5,HSV 
• 1;1 14f 

140 I 1046,0IP1JL 
I; Ti 141) 

347 IF- C6(3)-3.)150,14),150 
14.; 10-17,T 

• Ti 35.-r 
14i; 

▪ 1:)/ 
150 ii-(,3(4)-4.)152,151/i52 
151 PRI.1 1049 

Gn • 15,-, 
152 iF(P;i(5)-5.) 143,1c-6,14S 

PR Ni 10:J0/LTA 
1!)4 iP0:.;i(6,)-6.) 168,155,146 

155 i'P.INf 

156 ir(ii3C7;-7.)1:57,15)..i57 
156 PP.PT 

I.,. TU 16'.t 
157 IF(F%.$(6)-8.)15,160/159 
3na It. 1 3.5 3, 1-: ir 

C.-fl 7i; 161. 
159 !RIN,T 

51 13.)5,1i(.0 
ii- Cv1-9.)105,1 '5)4,165 

163 

]J34i 

15 ii• -. (1)-i0.)1(17)1 6 / 167 
1.=)5 

]67 11. (.:(11)-31.)P:33.fib6)16 
6 
loV 1,Thn,r;!:LH 

10o1,0H_S 

j(131-13.)1 73,171,170 
71 .L'':, •1F-29 
• Tj 1//t 

17!) ir(F.3(12)-12.)112,173,172 

5'a 
5',)4 
5q5 
5.10 

591 
5o2 
5”3 
5y4 

5r35 
5elel 
5•)7 

599 

600 
()c; 1. 
602 
6.)3 
004 
6 (.15 
6,16 
6n7 
.5nh 
6 
610 

i 
612 
613 
61,4 
615 
pl. 6 
61.7 
5. 

'1 '."1. 
67.)0 

621 
();•'2 
675 
674 

67.5 

627 
62o 
62') 

tY:s? 

6;/t3/71 PA6E 



-IRAN IVC10 Pi,[1uRA SurRO;iTINL n!)/13/ -71 .  i'LGE 

6q5 
6'6 
6:17 
1100 
6,9 
640 
641 
6/-2 
643 
6411 
645 
640 
6.47 
648 
649 

0 
651 

?:-) 

.r.)(Nl 

662 
663 

.
61,4 

.
665 

..
0!co 

61,4 
670 

6'72 
.67:3 
674 

675 
676 
67 7 

1179 

6h2 

172 1006,Hf 

1/4 
1-0 i*Rk.i 10c,7,7 

un 
374 lOL,EF 

1009,:F 
176 IFO./)20,2)75 
1/!) -RP! -  1911 

VP1i,t[ 10/2 
t;',-.14Ar (0x,r9.2,7A,,PEC X9tr/Kli) 

1„-.44 (15X,F10..5,6X,IAN6STROS 
1.1 1 JmiERM:1LCIILA 

1;)4) (15X,F9.2.:7X/fCL/0 
VULtiXt'/I 

1046 FfttrAT (15X,FIO.)5X,105,1214,1 5IPW.r. 1.°6'.1 1 /) 
1,14t (i5XA'T !IIGn in CALC. LIU oy THEi.PETICAL 1 ., 

1' T= 1 ,F9.2/) 
1v4:i F-PMAT (j5X,F12,c,14X,ICETIPHISE,',7X,IWISCCSITY 

1l Ai LTei t'RESS')'r.t i) 
1,49 (I5X/ 1 7Hr.017 E1:11".AL METHFID FAT Ci:Ii4V:-.-ni:Y;1 /) 

t-,1 v;4;..J .(15X,1 C)ELTA Tufl H1Gri TO CALC, 01 MEW: 
1 1 F:LICAL 

1051 (15X,'RE!Ii1 C1.-.n 01.N.Yi.TY TOO HIGH TI) CALC. 
lIUG ;$YS:IE(.AN;) iiv!ons 1 / 2:)x,INETLicio'.: 
Filv0A1 (ibx, 1U CAN 13i7 CALC. DUE Tr: N1 VALLit: I, 

lirok (J. 1 /) — 
•;:L;53 EnL.,qAT (I54.7 1 M:DOC) Dt7NSTIY Tup HIGH ifiCAEC. Ul, 

1' 0Y smShi, 51- 1EL, A:,ri 1 / 2 uX,ITH00Lls AETt.A.1D. 1 , 

10_54 rIAPT (1.5x:F32.5,4x,,cErTiPuISF:A 1 ,7xftivi.ScuSITVI, 
1' -.1 171..VATE0 1 /3,?X,IPPES-'/) 

1u55 
1 1 1!,1 ciiNoUcTiviTy 

K3g.;,Q.,T (15X,F14.79ns 1 ;;AL/Ci.:-SiC-W..G N,s ( .21X, 1 1.!tPt, 
Al 1 PD4xyliLEVAIEil PP:'-SS(1KE;/) 

1u5/ r!L:".SITY 7 ,16 Hir'd CALC, K.1, 
1 1 Pri,;k= 1 ,i7.1./) 

1u5c, i13Wp T.HIGh 111 CALC. K P= 1 ,F7,-;./) 
ijr:,1AT APFLICICLE;/) 

ICAO 

1.1,61 (i3t)iiu."1,)0X,'CAL/6 kaj7-01::(; 
1, c Tu!..AL)-S(k.AL)hI) 

N •ii..Fii, -1X9c7 :it 1  
1,1 v/...Poki/AtIU:J 1 /54X,'AT 1-;f1,. 

(15x)F“j.3,6X/ 1 CAL/I,  
VV,1;z11..,%MN1 /54X,IAT 

2,' PT,1/) 



0,3/13/(i PAGE G 
trIRTRAN 1VL3c) SC.JRCE Pku6i;.AN 
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9.557 CAL/G MOLE-DEG K, CV 

3Q2, DES; Kt E/K 

ANGSTROMS, INTERMOLECULAR DISTOCE 

_091_66 CC/G MULE, HARD-SPHERE vnLumE 

0.0J351 CENTIPUISE, VISCOSITY AT LOW PRESSURE_ 

O0.1353 C.EATJ P 0 In,  NISCOSITIAT 
PRES$VRE 

VITA.. AT . 
LoW_PUSSA.J.Rf - 

- 

- 



HEAT [IF VAPURIZATInN 3410.3 cAL/G mgo, 

cAuct  mo.E-DO  K, ENTROPY OF FoRmATIoN Fi 
IDEAL AT 1 ATM 
AND 298 UFG K. 

0:0000791 CAL/CM-SEC-DEG 10 THFRiiAL CONDUCTIVITY -AT 

EIFY.ATED_PRE5s _ 

7.05 CAL/G MnLE, H( IDE 41. 

0.013 CAL/G MOLE-DEG K, SIIDEAL).-S(REAL) 

1003.   FUGA-CITYCOEFFfCIEOT 

AT NORMAL 111.ILIAG PI, 

19.109 CAL/G moL.F.-DE-G  K, 0;iTROVidFVW7ATInN 

54.156 KCAL/G MULE, HEAT nF FORMATION AT 
STATED TEmPURATORF 

- KCAJ,/G MOLE,  HEAT OF FORMATIdm FL1R 
_ 

AN298_DE.(;_l< 

..•-•_.-..--.....-_—_-_-_—...-.•.-..--- -•-._-_•----•...--- 
4A/9L6__ KCAL/0 MULE, FREE ENERGY OF FoRMATIoN 

F_Oa_LQEAL GAS AT 
ATM  



P 18_0.0000_ A:r..a 

             

0,.5764 rdorisicc LIQUID  i2E.1!ISITY 

SAT.U.RAT.En LIQUID F NiTttALP2L_CAI,,C_  
343E1,9.96El C   .  

     

     

      

              

              

ED UL E.D_ EIS 
K EDIIC EU.RF R I 1.1R.F_Ka•  b___F BWR  FLUID [1_ 

 LILO _  

rmiNnT B_E _C.A LC U_L_4.1. EDIrttla._11111V.I. atitA 
-- A9..00O nv Fsic m ) #*1 / ILLC 

                  

   

—673420S7 CAL/G MOLE—K L IQ ENTROPY UFPARTUKF 

      

         

               

   

DVIFS/CM SURFACE TENS1iu;  

         

               

11-0F0 n E F  E__CLE eXr 401-6-9.2 

      

               



THE ESTIMATED PHYSICAL P-RJPERTIESOF 

-ANALINE 

Tr= 471,00 DEG K Pa 1.00 ATM ti .r= 

473.00 DEG K, 

1.00 ATM, 

38116.66 CC/G MOLE, V 

0.982 

436.62. DEG KS 

 

NoRMAL BOILING 

  

98.11____ CC VEfaim EAT v.AL fi PIET !..1G . _ _ T    
 POIN 

667.01 DEG KR TC 

50.42 ATOP   PC 

26b.0o  C.C/G MOLE,   VC  

0.244 ZC 

2.474 ATM, VAPOR PRESSURE 

7.6?     RIEDEL FACTOR 

0.370 ACENTRIC  FACTOR 

 37.868 CAL/r, hOLE-DEG K, CPO 

----741.TCTitit:E-71YE6k..-1-0 

35.445 C  L. 16ifda  CV 

1.440 OEBYES, DIPOLE MgMENT 

..+95.31 DEG K, E/K 

5.933 ANGSTRhmS, INTEPMOLECULAR DI S TANCE 

160.81_ CC/G  MOLE, HARD-SPHERE VnLWIE 

0,D122.2_ _CENTIRMAEL___ 

Alc.f.15.1_ty 

..660..C61567.7..CPAT:TC.ja.DTGT6TWRi;;4i 
w PRES_SPRE 



. • . :F.TH!)0 Fr.K K APPLICAGLE 

45.44 CAL/G 

0.0b1 CAL/G ('1OLE-DEG K, S(IDEAL)-StREAL) 

1.019 FUGACITY COEFFICIET 

9971.7 CAL/G MOLE, HEAT OF VAPURIZATI 
AT NORMAL DIALP:G 

iid-ILE:dtXifNTROPY OF VAPaRIZATIO  
AT NORMAL  

19.649 KCAL/G MOLE, 44fWF60,CAfi6 AT 

STATED TEMPERATURE.  

 KCAL/G MULES HEAT np FUMATION POF,  
IDEAA, .....SAT 1 A'r.! 
AND 2.9.a_DiG K 

___CAL/C Y F VDT.  

L  GAS AT_LARL__ 
kND 298 DEG K. 

ACALLG_MULEz F&EE__ENFROy OF FCRmATIM__ 
FoR IDEAL GAS AT 1 
ATM  AND 296 DEC, K. 

•Kv• • " " ••••• ""•• '-^•"" ". • " 



L LQ11/ D..P_R.Y.s.I-CA PRIIP_EFITEs 

                       

                       

        

..T 

             

                       

          

...L..1.17L CkMSLCL. LIQUID  nENSI Ty 

 

           

                       

..._.S.A f. UR A TED ... 1..liiALP_Y. _ cAls_ 
521.9..-3242_ _CAL/ I A.L.1.' Y.. _DEP. A rd.t!!-;:-.. 

 RLDJ iC..ED DE tisIii>2  • 0 F El? fi _ 1E.THD')  

                     

                     

                     

                     

                     

   

. 3..1699 cENTIPIII_SE L Q ILLS C12, S T_Y___ 

2.02,0.996.  (DYMES/CM)**1/4(CC/G MOLE) PAPAL:1;7k 

          

             

             

                     

                     

                     

_ . 0 .13_0_6 cALL.G._ uto_LE-K LIQ ENTROPY QI:r AR T'.1F 
. _ 

_ _..._.. 34 .53E4 574 DYAESLC M S_uBLAC "EN ariN 

..000.9.68  COEFF OF THRMAL EXP  

4 



373.00 

_ . 

1. • 0 0 

THE ESTIMATED PHYSICAL 

PFZENE 

PEG K P= 1.00 

i)EG K,  
. . ... 
ATA 

PROPERTICSI;F 

ATI MnLF = 78.11 

. 

P 

29768 .30  CC/G MOLE, V 

0.973 

381..95 DEG_K• NORMAL 1-11414 P' 

104.1A CC/0 MOLE, vnLumE AT !4ORmAL. 
POINT 

607.58 PEG KY TC 

. 48.89 AT:1P PC 

2.8Q.04 CCJG MULE, VC 

0.275 ZC 

0.768 ATM, VAPOR PRESSURE 

6.P6 RIEDEL FACTOR 

0.215 ACENTRIC FACTOR 

24.744 CAL/G mnix-nriG KA CPO 

CAL/G MOLF-DEG K/  _24_072 CP 

R2.697 CAL/G MOLE-DEG Kp CV 

UEG K, E/K 

5.252_ ANGSTROMS/ INTERMOLECULAR DISTA'ICE 

243.50 ccir, MILE, HARD-SPHERE wiLuIE 

_ 0.0053  CENTIPOJSEA VISCI1SITY AT ow PkEssulo: 

viscHsITY AT ELEvATEy 
PpES.suRr 

0.0.0.00364 _CAL/CMT.SEC-!.()EG _K.e_THERrIAL. _CONDUCTIVITY AT 
_ PRle SSIIRF _ _ 

I- 



• .. 

0.0006362.  CAL /CM•:SEC...DECK, -THER(1AL TIVITY 
ELEVATE..0 Prr5slIP. E 

54.06 CAL/G VOLE, H(IDEAL)-H(IDEAL)-HN:EAL) _ L . _ _ _  

0,091 CAL/(S MOLEUEG K, S(IOEAL)-S(REAL) 

1 ..029 coFFF Icle 

791?. 5 T FEV APUR OAT I: ) 
AT NO.RMi).L_BOILI:j. G 

20.716 _ CAL/6 MOLE-DEG Ky ENTRHPY I.iF VAPnRIZAT1.);: 
_____AT_NDKr41...J710.1.4F;G PT 

13.874 K.CAL/G MOLE, HCAT OF-  FORMAT FIN Ai 
STATED TEOPERATURE 

19.00Q_ KCAL /G MULE, HEAT OF FoRmAno^i Foy, 
REA L _ _______ ..... ...  

AND 298 DEG K 

-CA 1-La__KIL K, ENTROPY  t1F F! RMATHN Fr it 
IDEAL GAS AT 1 ATM 
AND 298 r)ED K. 

 

—33 1Q -K-C-A-111 Er_ FREE ENERGY r)F F(11:;1P 1 I 1,1N 
FnR IDEAL GAS AT. 

 AIM A;10_296  DEG K_, 

 

      

      

• 



. . 

LG./11_210.1E k TIES 

.12•11028 GRAIIS/CC LIQUI0 DE'ASITY  

 SALUKA1E.D  L ou D rNTHALPY CALC 
_o_3884•-52,8.6  CLL(J1flLE  . 

KEDUCED...11.E1!s  I TY2 Fnr (314R  mETHon  
 _REDUCED_IEmPFRATuRF:<0,6  FOR 8WR MFTHHO  

 CAL/ nLET-C__ HT  C. tulALLIY_D E 

0-0463  LE1-T-LELLISF LL() VISCLISLTY 

 —1-48_•2998 (1VIFS/C11)**1/41CC/G MOLF)  PARArki'.i= 

_2_•ab5•3_547 LIO ENTRL1FY DF-PARTUjE 

•AhL660 WrIFS/CM SURFACE TENSIrl  

Q3_0_010 1/DEG h 81 COEFF OF THVIAL ExP 



THEfiA•'*n•-  •PHYS 'I CA CP raiRER t 

ACETIC ACID 

T= 373.00 DEG K P= 0.50 ATM MULE NT= 60.05' 

373.00 DEC K, 

..0_ • 5 TM, 

60622.52 CC/G MULE, V 

0.9(10 

. _PIP? m_A _ I L I il_r;...f!Y • 
_ • 

07.69 CC/C' MULE, VOLUME AT NORmAL RmILING 
P0INT •_ 

• 

593. C4 nEG K, TC 

b4.22 ATM, PC 

_ 185,72 CC./C MULE_I VC 

. 0.245 ZC 

 0.499 ATM, VAPOR PRESSURE 

d.2.4     RIEDEL FACTOR 

0 .A35   ACENTRIC FACTOR 

13.600 CAL/G MOLE-DE G K 

.695__18 C AL /G M0Y6E-DEG K, CP 

 

16.6,12  t , OLE-DEC KA CV 

 

1.440 DEP(ES, DIPOLE MOMENT 

547.6o DEC K, E/k 

4.31  ANGSTROMS, INTEP.MoLECULAR DI STANCE 

106.10 CC/C' MULE, HARD-SPHERE V!.?LlYsq 

0.01.0to CETIPOISEA VISCOSITY AT LOW P.:FssoRF: 

0.0.1Q44. CEiIP..E V/SCOSITY AT _E.t..EvA [F.) . . 

_0.0000395___EiDCM-StCrAnG_KL_THEK'AL_CMOPCTIVITY Al 
LOW PkEisoRE. 



K NOT APPLICA6LE 

19.1.0_4 CAL/G MOLE, H(IDEAL)-11(IDEAL)-NU,FAL) 

0.032 cAL/G mnLE-CEG K, SWEAL)-S(KFAL) 

1.010 FUGACITY coEFFICIFT 

(691.7 CAL/c MOLE, HEAT OF VAP3RI)ATIiA 
AT NORMAL BOIL' 

CAL/G MOLE-0FG KA_ ENTRON, nF 

-104.713 KCAL/G MULE, 

 

At NIUMAL 

HEAT 0F FORMATION AT .  
TIIPERATORE 

  

-104.729 KCALLG HEAT oF FrIRMATION Foi:; 
IDEAL GAs AT ...1_ i'Tv 
AND_29a_DEG K 

CAL/G MOLE-DEG 1(...__ENTRopy. J1F_FrAT 
 _IDEAL GAS AT 1.ATim 

_ 

_KCALLG ____EkEE_ENEY_GY_nr FUATIIA 
FnR  IDEAL GAS AT 1 
ATLI AND 198 DE K. 

i • 



T293 .000000.UEG 

• 

REDUCELL_DIP5IIK>2_,Q _FP 314R  MjT1r1D  
REau.c Ea EI1P.ERATAJR <11,6 11.1R [WP MF TAO  

7,190.EL _CIL if; E-.0 HI CAPACITY — 

(OYMESLC1)**1/4(CCIO MOLE)  PARACW1K  114..3999 

LIQ  ENTROPY  UPPARTIkE -.33_639_43 

16.403.Q109 DYilS/CM SURFACE TENSIiiN 

COEFF OF THPMAL EXP 04 00.1110 1/DEG K 

L I Qu ID PH Y_S_II_AL___P_Rfl_RE PTIF 

• 0 825 GRAM VII_   

__S.A TAIR tkT ED.. t 1-4111111 _E241.1-1.A.LP C 
LI 4 6.8 4 .54 3 O.__ F N riF • 

 1 .2.721. C_F_NI LPL I E • LLQ SCLiS I_LY 



-I KAT: n" slt A C- F TI.f. Sr.IF 

AcETT- C As!HvoR IDE 
i • 

T= 473.00 OEG K P= 10.00 ATM MOLE WiT102.09 

473.00 OEG 

ATH, 

3206.65 

0.a26 

CC/G MULE, V 

NORMU BOIIINO T. PEG K., 

102.57 CC /G MEILEP VOLUME A T NORMAL B:1It..1:1(.; 
POINT 

TC 594.4P. DEC K, 

, • 43.35 ATM, PC 

(c/G MOLE, VC 

0.244 zc 

5.333 ATM, VAPOR PR ESSURF 

.4t4 RIEDEL FACTOR 

0,543 ACENTRIC FACTOR 

34.592 CAL/G mOLE-DEG Ks CPO 

CAL/0 HOLE-DEG 10 CP 34.670  

30.797  CAL/0 VOLE-DEG K, CV 

1.440 nEBYES, DIPOLE M9MENT 

313L.2.5 D_Eg K, E/K 

5.Dk9 AlIGSTRuMS, INTERMOLECULAP DI T47:C E 

jo6.3G HARD-SPHERE V0LUvE CC/G MOLE, 

V. I SC Y_ S LIR 1:: C P:4T I Po I SE 

Q • 0.138.1 C.ENT LP() I SE, V I SC TY....A.t.  

_ P R E S.S kA E... 

Dc000.D.564 CAL/C.M-SEC-DE0. THERHAL COHOUTV1.1y_±T..._ .  

_LOY Pi4.k5.SPRE 



K N T APPLICAi+LE 

456.77 CAL/G MnLE,  H(IN.AL —1 [IPA —H(KFAL) 

. 64717.11 C A L/G. (IDE AL )7S( kF At_ 
•-• 

1.251  • FUGAC I TY Cf!EFF IC IF.sIT 

100214 AL /c"; HEAT 11F ....V APUR 1Z AT I 

24.497 C /G ...!,1pk,E-0E.-......*--;101T130Y:i V AP rl?. ZAT 
L I • G 1" ,. 

—124.765. KLAL/G MULE, HEAT (IF Fri..mATTLiN Ai 
/A T E.  1) Tfr1PL ATLRE  

—122.840 K C 1;i67161-0:711.7:JitiftiF FrThmATIoN Fo=. 
IDEAL GAS AT 1 ATc. 

_ _______ __.________... . 298 

.CAL/G__J!IPL7DEG K, ENTRUIPY CIF FL ii 

IDEAL GAS AT 1 .A -ft 

A N_Q__2.98_011;. 

.______ . ...ENE..!qV.....7.).F. T ;.1 A T ••• ••• • 
F it R IDEAL Pi 

'AIM AND 298  DEG K: 



..L I QU I D. .P WI'S C A L._ RitOP.ERT.IE.S 

. ..--...•T =293 .000000.--DE.GriK____ _1...0.000.00._A 1.11 

_____. ..S A T UR. A. T E D. -L-11.1-1/0..._E L P_Y_ 
 -4(114 .38.67 CALL G_LILLLE--. ..._.._ 

REDUCEL_DENSLE1>2.0  FIR  6WR taitluP  
RE.D.LIC F: LI . Efux E R OD 

4,6930 C L _ . IfL.C.APAC 11.? 1 RT E__ 

-.1•00_90 LEATOLISE  L1 nscasui 

1.6_1•1992 (nYNF  Si.L.M.L!*1/4  (CCL MO_LEI  PARALIViR 

i _rZ.e..t000 CALLG__1101.1-K 11,Q  WrislIP y oFpARTuriL 

L___. ____ _____ .1.7_, 3.1e.u.5 DYNFS/C_M   SURFACE I E JA slari _ .._ ______________ ... .. . 
i 

1 / 1)EG K UEFF OF THRHAL  EXP  
1 



TTIE ESTIMATED RHYSICA1:— PRDPERTIE5OF—.  

ACETLINE 

1.00 ATM . . MOLE !,,I= 58.(` 
_ 

373.00 DEG K., 
. . . 

1.00 ATM, P 

30103.31 CC/G MOLE, V 

0.9f36 

327.32 DE;: l, 

09.61 
,...... ....__ 

CC/G MULE, VOLUME AT NORMAL i-30ILIHG 

- _ _ ___ _ . _ _ _ . . . _ . . . . . . _ . _ POINT _ . . _ . . 

515.73 !.)EG Ks TC 

56.76 ATtlp PC 

1.(19_t.d/ CC/0 MOLE/  VC 

04_(,4 ZC  

4.057 ATM, VAPOR PRESSURE 

7.29 RIEDEL FACTOR 

     

Q,303 ACENTRIC FACTOR 

Z1.6')7 CALJG HOLE—DEG K. CPO 

21.730 CAL/G MOLE—DEG K, CP 

CAL/G MOLE—DEG K, CV 19,641.  

1.440 DEBYES, DIPOLE MOMENT 
. . 

462.61 aEP K, Elk 

INTERMOLECULAR DISTACE 4.504 ANGSTROMS, 

___115.zP  HARD—SPHERE vnLumF CC/C, MOLE, 

0.0lcrs,(2  c5.24TIPoisE, VISCRSITY AT Low 15,4ssuRE 

0.01_086 CENTIPIIISEA VISCPSTTY AT ELEVATEii_ 

PRESSURF 

0.00000.:0.. CAL/CM—SEC—DEG Kr THERMAL COOUCTTVITY AT 
LOW PRESSURE 

NORMAL BOILING _PTA 



KETHIJO FliR K NOT APPL IC A.QL 

_CAL/G H(IDEAL)-H(IDFAL)-h(REAL) 

0.050 CAL/G HOLE-DEG K, SCIDFAL)-S(REL) 

1.015 FUGACITY COEFFICTP:T 

----CAC/GMOLE, HEAT nr VAPOKIZATIJN 
Al NOIlmAt. 6HILIG Pt, 

----C4E26aL-DEG4,tikifREIFY !IF VApoRIZATiol: 
AT NORMAL 

• 
........ ....... _____..... 
-52.634 KCAL/G MOLE, HEAT OF FHPMAfiurt AT . . . .._______.... 

STATED TEmPERATi.IRE 

_ Hit F FORMAT I 
IDEAL GAS AT 1 Al ,4 
A M D 296 DErLy ..  

-59.918_ C. . A1/G  mOLE-UEG K.,  ENTROPY  OF FoRmATI6N 

2-"ni_DE4A. 

_2..9_..4..1.. ___ C /   ES__ENE.PGY_ 
FOR IDEAL GAS Al 1 
ATM AND 298 DE:(; K. 



11 • 314932 'LYN  ES/CM  _SURFALE TFNISIft!.' 

S 4.1 U.P.A.T. Oil LD__EALHALLY .0  AL C  
••.3302..2.976 C 4 L Q EN_IltiA Li? Li) FRAkTli 



TrIF FAYSIcni 1)11-1.-TarATTEs1)F 

ACETONI TR •ILE 

.17-----.:373.O0 1) K 1.06 ATM 

373.00 DEG K,  .._....._... 

1.00 ATM, 

29967.71 CC/G MULE, V 

MJLF = 41.05 .  

0.9r10 

   

     

     

3't5 ,4.i ELE.I. K, NORMAL i..39111.LT,..P.L, _ 

42.00 CC /CTIoCE,------------   VOLViE AT NORMAL 131.1I L I 1,G ..... _ __ ... 
PI)I iNT- - - . --- - ---- ---- 

539.31 DEG K, TC 

47.77 ATM, PC 

VC 

0.203 ZC 

r 
I.-- 

--- 
14.202 CAL/G MOLE-DEG K, R) 

1--  
__________________ lzia,,z..._________ckL/G mi_LE-OEG Ki CP • 

2.268 ATM, VAPOR PRESSURE 

7:14  RIEDEL FACTOR 

n.271 ACENTRIC FACTOR 

1. 

I 

12.172 C AL /G MOLE-4)EG Kp 

1 •440 DE&YES, ni POLE MOMENT 

463.7( OFC; K , E LK 

4.897 A!IGSTROMS, INTERMOLF.CULAR D 1 S rAr:CE 

.12 ___]...z. i cur, MULE, NAND-SPHERE VOLUHE 

0.00753 CE.:\iTIPUISE• VI SCrIS ITY AT LOW PR i; SSL•RE .. 

.0075,6 V IS d1 iS TTV-  .,ifi:.\/ 4fr.3---------  

PRES.SURr .. ...... 

CE4TIPUISE, 

---- - ------.- -- - 0,.600033..5..CAL/CM-SEC "'DEG KA THERMAL Cf.1:q01 )C,TIVITY AT 
.LOW PRESSURE..._. _.. 

_.. .._...... 

-"- ---- 



HiR K APPLICA6LE ....._...... _ . . ......___ 

40.44 CAL/G iJJ1LE,  H( IUFAL )-H( IDEAL )-1 (REAL ) 

CAL/G OGLE-DEG KA_S(IDEAL)-S(RFAL) 

.1421 

7388.4 CAL/G MOLE, HEAT OF VAPURIZATI 
AT NORMAL BOILIG PT. 

. . _ 
21.366 CAL/G m0 E-DEG R, ENTROPY OF VA;)ORIZTIO 

AT NORMAL I.V1ILF,G PT. 

18.946 KCAL/G MULE, HEAT OF FORMATION AT 
STATED TEMPERATHRE 

KCAL./G_ MULE, HEATF  _    _ . _ _ 

IntAL GAS AT 1 AT!1 
.AIL) 29.3 DEG K 

CAL/G MOLE_-DEG K1  ENTROPY nF FiipmATUyv Fi!R 
IDEAL GAS_ AT 1 JA 

FREE ENERGY_ OF FOROATInN 
FDP IDEAL_QAS  - 
ATM AND 2.9y 



. L LQU I ...P RY.s.LCA.L_PROP_EliTI.E.5 

T293 • 000004--OE.G.EA___ 10.0.1.10.0_AI 

•.2.62-s .9148     I  Q  fF.TRCIpyJJrpAi 1L  

_0.01 .9DIAESLC11 s_uR r cs_rF s 91- 

11  E K —C.LI Ef E f01 A L fXP 

O. 84.4 GEAkaal_ Disis I T Y 

S ATURA.T..ED LLQUID ENT Hit-LP.Y 
-3447 .2935 E  

R E E-1).__P.EllS I TY>.2a..O__F ME 'NOD  
.R E DU CE!. m_Ey D _ _  
.... 3 G E7C_ PALI T 

.__ S C oS Y CANN c AL C.0 LAT_ED-N  Li INT u_T. DAIL 
_ _30, 6000 ES/ C .1111*i./ LUC./ G .111.3LE ) 



373.00 

1.00 

30224;3-4 

0.98h 

20 3.90 

H9.04 

:)EG 

ATM, 

CC /C MULE, V 

DEG KA NORMAL BOILING PT. 

CC/G MILE, VOLUME AT NORMAL PaIL. IG 
POINT 

421.99 DEG Ks TC 

39.62 ATM, PC 

/Sy _ 

0.270 LC 

VAPIJR PRESSURE 16.696 ATM, 

k 7  RIEDEL FACTOR 

F— 

E 
0.195 ACENTRIC FACTOR 

25.030 . CAL/G OOLE.-DEG _ Kp can 

CP 25.00 CAL/G MOLE—DEG KA 

23.018 CAL/G MOLE—DEG K, CV 

E/K 248.90 OFG Kl 

5.546 ANGSTRUMS, INTERMOLECULAR DIST4:10E 

HARD—SPHERE Vr!LUME 

0.009W) CENTIPJISE, VISCLSITY AT Lnw PRESSURE 

0.01022, VISCnSITY Ar ELEVATEy CENTIPOISE, 

THE ESTIMATCD PHYSICAL—TRUPCRTIC:SOF .  

1—HiTENE 

T= 373,00 1.00 ATM .MULE WT. = 56. 

PRESSJi.U: 

0,0000593_cALicm75c7PEQ_KA_THAL — — 
Low pREssuRE 



0.0000590 CAL/CM-SEC-DEG K, THERMAL cOrmucrIvITY AT 
.E.LEvATE12,  PRFSSHRE 

25. C` 

      

CAL/G NOLE, 

  

CALtG FOtE-DEG S(Ini AL )`'S (RE AL) 

FFIC I .F T 

C 1‘1,1G.)1(.1 _..._.._.__._.._MEAT. OF_ V AP Cli1A3 
AT NORMAL.  lArlf 11%6 Pf. 

19.794 CAL/G VAPnRI7ATILiki--  --- — 
AT_ NoRMAL. FoJILIHG PrIt 

... 1.0f413 KQnC/G OF FORMATION AT .  
STATED TrimPERATi41: 

KCAL/G MULE, HEAT 1:1F FORMATION Ft.);% 

AND 29F3 nEG K 

.0 NJRI.IP JAF TI Fh. 
ii/EAL GAS AT 1 N 

43.018 KCAL /G MULE, FREE ENERGY rip FoRmATIL.N1 
 FOR IDEAL.  GAS _:1T__1  

ATM AiND __ ..)8 DEG K. ...___.______ 

.. • 



:1 I QUI D. _P 11.YS I CAL___PAGP  ERT LES 

J1 448 GRAMS/CC LIOUI:.) DENSITY  
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;- 423:00 DEG K 

......._...P_.......
1.00 ATM MOLE wT=112..56 

423.00 

1.00 

3360.18 

0.970 

DEG KY 

ATM, 

edit 

Z 

445.26 OEG Ko NOICMALBnILING PT. 

117.57 CC/G MOLE, VOLUME AT NORAL FVULING 
POINT 

()92.35 DEG K, TC 

PC 44.86 ATM„ 

4.t VC 

0.249 ZC 

0.553 ATM, VAPOR PRESSURE 

RIEDEL FACTOR _TAU 

0.21,5 ACENTRIC 

_ 

39..376 

2 .CAL trz.±.1aLLErP 
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21,108 CAL/G...1.1467pE6111q:E.NT5pPy f1F vApoRiztailN 
AT NoRmA L  BuILVX, 

HE-AT OF FORHATION AT T= 423.00 CAN NOT BE CALC. DUE TO 
S.T.I.P.U.I.A.T ION - 

1.032 

-1 • 
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TiiCESTPATO PHYSICAL PROPERTIEsoF 

-CYCCOPOITAN 
• 

T= 373.00 DUG K P= 1.00 Arm MOLE viTrz 70.13 

3/3.00 DEG K., 

1.00 ATMM, 

• 
29672.72 CC/G MULE, V 

0.969 

'38.1.95 DEG K, NORmAL anILING P .. 

116.47 CC /G MOLE, VOLUME AT NORpIAL VIILING 
POINT 

608.43 flEG Ks IC . .__._....... 

44.17  ATM, PC .______ 

G mot-EP_ vc 

0.Z76   Zc  

ATM, VAPOR PRESSURE 

RIEDEL FACTOR 

2.111 ACENTRIC . 

_a? ..4_4.0   C_A.L/G MOLErPEG_K,t 

_ G 

25._.A30 CAL/G mOLE-0EG Kp CV 
... 

_____3..k3 DEC K1 E /K 

____________ A G  S R.C1M5.2 INTER t, 

HARD-SPHFRE vnLWiE 

•.• 
0.00844 CENTIPOISE,  VISCOSITY AT Lnw PrzEssuR 

VISCOSITY AT ELEVATFp 
PRESSuRE. 

6.00003931 CAL/617-DEG, HF..R'41, .CODHcriVITy AT 
LOW PRESSuRF. 



. ......... . . . . 
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....._.____ ....... . 
19.945 ;:w 

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

-2908..6 .... KcAL/G riot. E, HEAT OF Fr)RMAT AT 
STATED TEiiPERAToRE 

— a. • 95.0 KC.ALIG HEAT np PoRmATIGN FFIR 
I0EA.L..._GAS _AT.1.•!... 
AND 296 PEG K 

- 92.160 CAL/G MD1E-DEG KA ENTROPY OF FLIRmATILiki FPR 
D.0 Al _SOS AT 

AND 298 r)G K. 
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THE ESTIMATED PHYSICAL PROPERT I ESOF 
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0.996 

188.32. DEG IC, NORMAL BOILING PT. 
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311.06 DEG K, TC 
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0.284 ZC 
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- --------. 

07 E G KJ   E 
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t!" P HEj71. F _  
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1.004 
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'THE -  ESTIMATED PHYSICWLPgiROPtlEsOF 

ETHYL ALUIH0L 

. . . _ . . 
T= 373.00 DEG K ].,00 ATM 

T 

MOLEVT= 46.07 

1.po ATM, 

30197.65 

0.91%? 

343.68 DEC K., NORMAL BOILING PT. 

61.16 CC/G MOLE, VOLUME AT NORMAL-BOILIOG 
POINT 

.... . 
L 514.28 DEG KY TC 

i 63.17 ATM, PC 4.-- 

167 63 cur, rbint.E.• VC 

0.251 ZC 

 

        

2157L___ AM/ VAPOR PRESSURF  

 

8.68   RIEDEL FACTOR 

0,584  ACENTRIC FACTOR 

18.,719. c4Lic HOl..E-DEG KL_CP0 

   

   

... .1. 7e7_ _.CAL/G MCILE—DEG  

16.706_ koLE—DEG K, CV  

 

1.440 DWESA DIPOLE MOMENT 
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117.57 CC/G MULE,   HARD-SPHERE VnLUr1E 
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0oa994___. ..c.EATI Po! sE, VISCOSITY AT FLEVATEa 
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IOW  
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C OF VAP6141 T I ON 
AT -NORMAL BOILING P . 

CALLP_ITLE-DEG KL_ENTROPY OF VAPnRIZATIFIN 
AT NORMAL BOILING PT, 

F T.T 1-Yi T 
STATE0 . TE0.P . RATuRE 

91,0. 3.7 

26.b9 . 

!oETI-100 FOR K NOT APPLICABLE 

-56.946 KCAL/G MaLE, HEAT LIF FORMAT FOR 
GAS i.VT 1._107m 

AND ...29.8 DEG. K 
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GAS 
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triftTImATED PHYSItACPWUPeRTItSOF 

I:TOL AMINE 

T= 373.00 DIG K P= 260 ATM mOLEWT= 45,06 

373.00 PEG K, T 

2.00 ATM, 

14959.90 CC/G MULE, V 

LI 
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293.40 NORMAL ROILINr.  PT. 

66.01 CC/G MOLE, VOLUME AT MOP"IAL P,JILING 
POINT 

463.63  PEG KA TC • 

57.04 ATM, PC 

1.79.68 CC/', MOLE, VC 

0.269 ZC 

10.637 ATM, VAPOR  PRESSURE_ 

7.20 RIEDEL FACTOR 

Q•264  ACENTRIC  FA4Trir3 
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19011_ CAL/G .AIR.EnDf G K, C _ 
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• . 



METH00 K Nu T APPLICA0LE________ 

45.90 CAL/G vOLE, H(IDEAL)-H(IDEAL)-H(rzFAL) 
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h4.136,a cAL/G MOLE, HEAT OF VAPORNATI0 
AT NORMAL biALI:-X, PT _ _ . . . _ _ . . . ..... 

. . . 

. . _ 22.105. OF VAPr;RIZATIUN 

—............Al. OORNAL 

-12,89P KCAL/G MOLE/ i1FAT OF FuKMATIO:4 AT 

712,246 KCAL/G MOLE, HEAT OF P1RmATTON 
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-74,944 C"A.L./G HOLE-DEG Ka ENTROPY nF FnRmATI;.),N 
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THE ESTIMATED PHYSICAL PROPERTIESOF 

FTdYL I'sROMIDE 

T= 373.00 UFG K P= 1.00 ATM MULE *OT=108.9ii.  

.373.00 OLG, • • K, 

. . . 
1.00 ATM, • P 

..... 
CC/G MULE, V 

0. 1 0 8 7- 

310.75 DEG K, N[JRMAL BOILINC, PT. 

62.15 CC/6-  MULE, VOLUME AT NURI4AL nILING 
PtUINT 

505.69 DEG K 

b5.0e• ATM, PC 

17 0 . b 9 _ _EL/ G MULE, VC 

0.208 Z C 

ATM, 

 5,91_  

0.239 

    

VAPOR PRESSURE 

RIEDEL FACTOR 

ACENTRIC  FACTOR 
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_:via  DFiti YE SI DIPOLE onmENT 
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103,1)3 CC /r MOLE,  HARD-SPHERE vnLumE 
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.0.0J61.5 CEI-4TIPUISE, VISCdSITY AT ELEVATE.) 
PRESSuRE 

04000350 CAOCM-SEC-DEGK,THEW.AL CO:,;DUCTTIlY AT  
PRESSHRr 
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24.93 CAL/G VOLE, MIDFAL)—WIDEALCAL) 

0.043 CAL/G NrILE—DEG K, S(IDIAL)•S(RFAL) 

1.013 FUGACITY 
. . 

CAL/G MILE, HEAT DFVAPfiRIZATI 
AT Ni1RMAt DmILF.C• 
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.. 1:1 1.7.1 R MAL ..10 
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e.)747 



LIQUID F_HYSICAL NOPLkTIS 
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1.00 
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K P= -  GC OATH--  

DEG K, 
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V 

0.9A5 z 

I 

CC/G MOLE, 

231.76 . 
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CC /G MOLE, VOLUME AT ;L'iR ,IAL 
P 

IC 377.15 DEG Kl 

---•- . • 

44.70 ATM, PC 

VC C C/ C, M ELLE, 

0.302 ZC 

VAPOR PRESSURE 9.900 ATM, 

b.40 RIEDEL FACToR 

ACENTRIC FACToR 0.122 

CPL) 21.31'41 CAL/G MOLE-DEG K, 

CA.I.c EC  mnlj- 

19.370 CAL/G i'OLE-OEG KA CV 

0..E.I; E/K 
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_______ VISCiiSTTY AT FLEVATE0 
PpPSiiRr; 
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• 

.162 CAL/G K1 LE-CEG K, EniRi.1 0FvAPJIJZAliuf! 
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39.394 KCAL/6 MOLE, HEAT nF FORMATIOk AT 

ST4TEi TF.IPERATURE 

. • 
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AND 29U rEG K 
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......._... _______ ............ 
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THE EsTimATro PHYSICAL PWriTqRT1T  

PiE THANE 

= 37:3.00 TM MOLE 0T= 16.04 

373.00 DFG.Ks - T 

1.09 ATM, .  
1 • 
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0.9();3 Z. 
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IC 
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18.266 CAL/G hnLEDEG K, ENTROPY F VA'!iallAT4fii - - 
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