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Introduction

TnERE 1S A CONTINUING NEED for reliable physical properties of pure chemical
compounds by scientists and engineers. Many properties are already
available in the literature but the reader often finds himself in doubt as to
what extent they should be relied upon. Some of the data are obviously in-
consistent, while in some cases it is apparent that precise determinations have
been made on compounds of doubtful purity.

Some years ago, Mr. Dreisbach began a systematic compilation of reliable
physical properties of pure compounds for his own use and for the use of his as-
sociates. As this work progressed, he became intrigued with the possibilities
of correlating apparently unrelated properties through the use of well-known
equations and others developed by himself. In this way he was sble to cross-
check calculated values with those carefully determined for this purpose and for
the hydrocarbons in the well-known API Project 44. These relationships are
now well enough understood so that it is possible to predict s large number of
physical properties of a compound quite accurately from a few accurately de-
termined properties.

This compilation of physical properties of organic compounds contains
considerable data not hitherto published. It also includes parameters which
can be used for interpolating and extrapolating the determined data for prac-
tically all the compounds listed.

It is in keeping with the long-established publishing program of The Dow
Chemical Co, that these data are now made generally available to scientists and

engineers everywhere.

H. S. Nurring, Director
Central Research Index
The Dow Chemicsl Co.






Physical Properties
Of Chemical Compounds

R. R. Dreisbach
The Dow Chemical Co., Midland, Mich.

Definition of the Symbols and Parameters Used, with the
Methods of Calculating the Parameters

Mol. % Pur.: Mole % purity by weight.

F.P.: Freezing point, ° C.

F.P. 100%: Freezing point curve,extrapolated to 1009, purity.

B.P. 760 mm., 100 mm., etc.: Boiling points at these pressures, © .
Pys: Pressures at 25° C., in mm.

P.: Pressure corresponding to temperature te. in mm.

d?, ete.: Density at 20° C., etc., g./ml.

a, b: Constants of Law of Rectilinear Diameters, d. + d. = a + bt
d, = density of the vapor, g./ml.; di = density of the liquid, g. ml.

n%, ete.: Refractive index for the sodium line at 20° C., etc.
“C”: Constant of the Eykman equation, (nj — 1), '(np + 0.4) X 1/d = “C”"

MR (obs.): Molal refraction (obs.) = (ng — 1)/(nH + 2) X M/d = MR at 20° C.
(M = mol. wt.)

MR (cale.): Molsl refraction caiculated from atomic refractive indices. See page 9.
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4 ADVANCES IN CHEMISTRY SERIES

(np -- 4/2): Refractivity intercept equals refractive index minus one half the density,
both at the same temperature, 20° C.

D: Dielectric constant run at a frequency of 10* (cycles/sec.) and at 25° C. unless other-
wise noted. When reported as data of The Dow Chemical Co., error about
40.005. Where Reference 5 is noted it was obtained by squaring the refractive
index at 20° C.

A, B, C: Constants of the Antoine vapor pressure equation for the liquid state, giving P
(pressure) in mm. and t (temperature) in ° C. This is in the range between the
temperatures as indicated. These temperatures in general are the boiling point at
30 mm. to a Tr of 0.75 to 0.80. Seé method of obtaining A, B, C on page 6."
Antoine equation: log P = A — B/(t + C)

A% B* K, ¢, t, t=: Constants of the saturated vapor density equation
log dv(g./ml) = A* — B*/(t 4+ C) to the temperature t,
log dv(g./ml.) = A* — B*/(t + C) + K/(1.1 Te — 2732 — t) + ¢
from temperature tx to a reduced temperature, Tx, of .92
te = Temperature at which it is necessary to change from the simple vapor density
equation to the corrected vapor density equaticn in the higher ranges, ° C.
te = t« + K/c and tx = (1.1 Tec — 273.2)° C.

A* and B* where the latent heat at the atmospheric boiling point is available.
Vg — Vi = (31381.7 X AHv X dt/dp)/T

Where the latent heat is not available use

M(AHvV)/Tz = 21.0-and from this AHv = (Ts X 21.0)/M

The value 21.0 (or any other value as 21.4 say) is obtained from the nearest related
compound which has a latent heat available. Then proceed as in case where latent
heat is available for Vg value at B.P.

Since dv = 1/Vg

log dvie = A* — B*/(ts + C) at 760 mm.

lOg dvao = A% — B*/(t;o -+ C) at 30 mm.

Solve for A*, B*, since t and dv at 760 mm. and 30 mm. and C are knownn.

A’, B’, C': Constants of the Antoine vapor pressure equation below 30 mm. pressure,
covering the temperature range as indicated. See method of obtaining the constants
on page 6.

A’*, B'*: Constants of the vapor density equation below 30 mm. These two values are
obtained b using the boiling point at 30 mm. and the pressure at 25° C. (obtained
from the values A’, B/, C’) and assuming that at 25° C. the relationship PV/RT
= 1. Then we have Vg at 25° C. = RT/MP = 62,361 X (25 + 273.2)/MP.

Then dv = 1/Vg. Inserting these values of vapor density we then solve the two
equations for the values of A’* and B'* as in the case of A* and B*.

Ac, Be, Ce: Constants of the Antoine vapor pressure equation for the liquid state from
Tz = 0.75 (or a higher Tr asindicated) to the critical temperature. See method of
obtaining the constants on page 7.

Cryoscopic Constants, A°, B°: Cryescopic constants for calculating mole 9, purity.
See J. Rescarch Nall. Bur. Standards, 35 (1945); RP 1676.
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PHYSICAL PROPERTIES OF CHEMICAL COMPOUNDS 5

t.? C.: Temperature at which a mole of the vapor occupies 22.414 liters and the vaporis in
equilibrium with the liquid, in ° C.

B*
te = (A* — log dve) ¢
dt/dp: Rate of change of boiling point with pressure, given by equation dt/dp = B/
[2.3026 X P X (A —~ log P)2]° C./mm.

AHm: Latent heat of fusion in cal./g.
AHv: Latent heat of vaporization at the temperature designated, cal./g.

te(d, €): The latent heat of vaporization at the temperature t. as given by the equation
AHv = d — et, and indicates the accuracy of this equation at the temperature t..

AHv/Te: Molal latent heat of vaporization at t. divided by Te. (Equal to the molal
entropy of vaporization at t..)

d, e; d’, ¢’: These are parameters of the latent heat of vapprization equation, AHv-
(cal./g.) = d — et. Thisis valid between the temperatures indicated. It has been
found that the latent heat between the boiling point at 30 mm. and the boiling point
at 760 mm. is almost a linear function of the temperature. As seen in most cases
this equation holds almost to the temperature te. Above and below this the latent
heat is not linear with temperature except for short intervals.

de: Critical density, g./ml
ve: Critical volume, ml./g.
te: Critical temperature, ° C. See also page 7.

P. mm.: Critical pressure in*mm. Where this was not obtained from the literature it is
caleulated as follows (The Thomson method, private communication from George
W. Thomson): The critical temperature is inserted in the Antoine equation, using
the A, B, and C values to calculate the critical pressure.
This value is too low, This is then multiplied by 1.07 and is assumed to be the
critical pressure. In the great majority of cases, this will agree with determined
values to within +3%,. For high boiling compounds this value must be decreased,
since in most cases there is somewhat irregular drift with increasing temperature,
so this should be continually lowered as the boiling point becomes increasingly
higher.

PV/RT: Compressibility at the temperature designated.
z = PV/RT

where P = pressure in mm., V = volume in ml./mole, and R = 62361.
AHe: Heat of combustion, keal./mole, gas at constant pressure, 208.16° K. or 25° C.
AHf: Heat of formation, keal./mole, liquid at 298.16° K. or 25° C.
AFf: Free energy of formation, keal./mole, liquid at 298.16° K. or 25° C.
n: Kinematic viscosity in centistokes, ut temperature designated. The kinematic vis-
cosity is given by the equation
logn = A" 4+ B/T
between the temperatures indicated to an accuracy of 1% or better.
B.P. °C., 30 mm.; dt/dp; AHv; PV/RT: These values at 30 mm. are calculated from the
Antoine equation using A, B, and C. It has been {ound that at 30 mm. in a\most all
Cox Chart Families the ratio PV/RT is negligibly different from one, This, then.

has been taken as one point (the other point being the B.P. at 760 mm.) from which
to caleulate A* and B*, always assuming the compressibility as 1.0000 at 30 mm.



6 ADVANCES IN CHEMISTRY SERIES

¢p: Specific heat at canstant pressure at temperature designated, cal./g. ° K.

c.: Specific heat at constant volume at temperature designated, cal./g. ° K.

f, g h, f', g, h’: Parameters of the heat content equation for the liquid for the tempera.-
ture ranges designated, ° K.
¢p (liquid) = f + gT + hT?

m, r, 0, m’, n’, o’: Parameters of the heat content equation for the vapor for the tempera-
ture ranges designated, ° K.
¢p (vapor) = m + nT + oT?

v: Surface tension in dynes/em., at temperature designated.

[P]: Parachor at the temperature designated:

M(y)//(dv ~ dv) = [P]

[P]Sugd.: Parachor from atomic and structural values as given by Sugden. See Table.
The parachor value for oxygen as hydroxyl (alcohols) in these tables is taken ag 15.
Sugden gives the values of 20 for oxygen and 30 for oxygen in esters, which does not
seem to work for aleohols and phenols.

Exp. L.1; Exp. L.u.: Explosion limits lower and upper range, % by wt.

D spersion: Specific dispersion, 104nr — nc)/d, ml./g. at 25° C.
nr, nc = refractive index for F and C lines.

d = density, g./ml.

Flash and Fire Points, ° C.: Cleveland open cup (ASTM D 92-46) if not otherwise desig-

nated. Closed cup (ASTM D 56-36) will be designated as such. '

M Spec.: Mass Spectrograph.

Ultra V.: Ultraviolet.

X.Ray Dif.: X-Ray Diffraction.

Infrared: Infrared Spectrograph.

Solubility at 25° C., in solvents as designated.

Explanation of the methods used for calculating the vartous parameters in the foregoing:

A, B, C: The A, B, and C constants, except where given by the API reports, are calcu-
lated by means of the Thomson method [Chem. Revs., 38, 1-39 (1946)] using the
determined boiling points at three different pressures. The three formulas for this
are as follows:

(ya — yo)/(ys — y)-(t — t)/(ts — t2) =1 — (&5 — t)/(ts + C)

B = (ys — y0/(ts — t.):(t: + C)(ts + C) and

A=y + B/t +C)

where y;. V2, and v; are equal to log Py, log Py, and log P3at temperatures t, tz, and ts.
Unless the data for the three points are very accurate the C value can be considerably
in error. As a check on this method an empirical formula developed by Thomson
(private cormunication from George W. Thomson) will give a much better value of
C if the data are much in error. This formulais C = 239 — 0.19ts. The Aand B
values can then be readily determined from the two points given, since they are much
less critical.

A7 B, 7 (for pressures below 30 mm.): Applicable when molar heats of vaporization are
available at 25° . and the Antoine equation can be used to obtain the boiling point
at 30 mm. Let A, B, C be the constants of the usual Antoine equation valid above
30 mm. and let A’, P/, C’ be the constants of the Antoine equation sought for below
30 mm. These two equations are taken to give the same value of the przssure-
temperature slope at 30 mm. .
log 30 = A — B/(t + C) = A’ = B'/(tv + C)

B/(t + C)? = B'/(ts + C')?
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Since PV/RT may be assumed to be 1.0000 at t,, the temperature corresponding to
30 ram., and is also 1.0000 at 25° C., the molar heat of vaporization at 25° C.,
MAHv,, is given by

MaHv, = 2.3026 RB’ [(t, 4+ 273.2)/(ts + C)2

where t, = 25° C. To solve for A/, B/, C’ leg,

g = MAHv,/2.3026 R(t + 273.2)2 = MAHv,/406883 if t» = 25° C.

Also go = B/ (t, + C)?

Since ti, t; and all values on left hand side of equations above are known then B’ and
C’ are readily obtained as follows:

(B'/(ts + C)*}l(ts + C)¥/B’] = g (b + C}?/B’ = say, h*

Then (" = (t; — hts)/(h — 1) and B" = g(t, + C')?

Also B = B{t; + C")/(t; + O)]?

A’ = log 30 + B'/(t, 4 (') sinee P, = 30 mm.

These formulas were developed with the aid of George Thomson.

When heats of vaporization at 25° C. are not known:

In this case the C’ value is estimated and A’ and B’ are calculated from known data.
It was noticed that C’ has a value approximately 18 higher than C when latent heats
at 25° C. are known. By adding this increment to C we have C’, then B’ from the
relation for the first case

B’ = B{(‘tuo + C'),r/(tso + C)j?

and then A’ as in first case.

Ac, B¢, Ce: This method was developed by George Thomson [Chem. Revs., 38,
No. 1, 23 (1946)] and is similar to the one for obtaining A’, B’, C’. It is assumed
that the parameters A, B, C of the Antoine equation are good to a Tr 0.75 or a
higher reduced temperature, and this temperature corresponds to the 25° C. in the
case of A’, B/, C’, and the critical point corresponds to the 30 mm. point.

B/(t + O (te — )/ (ye — 1) = 1 + (t — /(4 + Ce)

and Be = (ve — y1)/(te — t)-(t: + Ce)(te + Ce); Ae = B/(tc 4+ Cc) + ye
where t; ° C. = Tr 0.75, t. ° C. = critical temperature

yi = log Pat ty, y. = log Pe

The first equation is used to evaluate Ce, the second, Be, and the third, Ac.

Association: The association in the vapor phase of organic acids seems to vary inversely
as the temperature for some acids, at least for part of the range. In part of the range,
and also apparently for some acids over the whole range, the association is fairly con-
stant. The association is given in these sheets by the formula M: = p — rt. For
instance, for acetic acid this formula would be Mz = 2.225 — 0.004085 t from 0° C. to
100°C. From 100°C. toa Tnof 0.92, M = 1.85. Thatis to say, the vapor density
as caleulated by the A* B* formula would have to be multiplied by this correction
factor to take care of the association. Further, if the reciprocsl of the density is used
as caleulated to give vapor volume, it would be necessary to divide by 1.85 to get

the actual vapor volume.

te: Where the eritical temperatuze has not been determined, it is caleulated by Watson'’s
equation:

Te/T( = -0.283(M/d.)0.15
where d» = liquid density, g./ml. at the boiling point, and M = molecular weight.

This is used for all hydrocarbons and halohydrocarbons.



ADVANCES IN CHEMISTRY SERIES

f g h, m, n, o, etc.: For a short temperature range the equation C. =1+ gT + hTe

71'0501#

bt
-0 ® ®

reproduces almost exactly determined data. The parameters were set up on the
IBM machines using eight determined values where that many or more were
available.

The IBM machines were used to set up the Antoine constants from determined data.
A preliminary C value was obtained from the equation C = 239. — 0.19ts. AandB
were then obtained and new C values either side of the first C used and new A and B
values found. In each case above, the boiling points at the experimental pressures
were calculated and compared with the determined boiling points.

Actually the value of C was generally obtained from C = 239. — 0.19ts, since the
determined values must be very very accurate to give better values of C.

Cox Chart Families

Alkyl and halo benzenes 12. Aromatic alcohols (Phenyl ethyl aleohols)
Styrenes 13. Aromatic ketones
Thiazalkyl benzenes 14. Aromatic esters
Thiophenes 15. Cyclopentanes
Alky! naphthalenes 16. Cyclopentenes
Tetrahydronaphthalenes 17. Thiacyclopentanes
Decahydronaphthalenes 18. Thiacyclopropanea
Aromatic phenols 19. Cyclohexanes
Thiophenols 20. Cyclohexener
Aromatic amines 21. Thiacyclohexanes
Nitrobenzenes 22. Miscellaneous



PHYSICAL PROPERTIES OF CHEMICAL COMPOUNDS

Atomic Refractive Indices Used for Computing Molecular Refractive Index

All values are for the sodium lifle.

Carbon singly bound and alene 2.592
Carbon singly bound 2.418
Carbon double bond 1.733
Carbon triple bond 2.398
Carbon conjugated 1.27
Hydrogen 1.100
Oxygen—hydroxyl 1.525
Oxygen—ethereal 1.643
Oxygen—ketonic 2.211
Oxygen—as ester 1.64
Sulfur—as SH 7.69
Sulfur—as RSR 7.97
Sulfur—as RCNS 7.91
Sulfur—as RSSR- 8.11
Nitrogen
as aliphatic primary amine 2.45
as aromatic primary amine 3d.21
as aliphatic secondary amine 2.65
as aromatic secondary amine 3.59
as aliphatic tertiary amine 3.00
as aromatic tertiary amine 4.36
as hydroxylamine 2.48
a8 hydrazine 2.47
as aliphatic cyanide 3.05
as aromatic cyanide 3.79
as aliphatic oxime 3.93
as primary amide 2.65
as secondary amide 2.27
as tertiary amide 2.71

* This value for one fluorine atom attached to carbon.

fluorine atom in polyfluorides.

NO as nitrites

NO as nitrosoamine
NQO; as alkyl nitrite
NO; as alky! nitrate
NO, as nitro paraffin
NQO, as nitro aromatic
NO; as nitramine
Fluorine

Chiorine

Broniine

Iodine

5.91
5.37
7.44
7.59
6.72
7.30
7.51
0.95*
5.967
8.865
13.900

The value 1.1 is to be used for each

Atomic and Structural Constants for Calculation of Parachor

Sugden
CH:.................... 39.0
C 4.8
H. . ... .. 17.1
O 20.0
O (Aleobhol).............. 15.0
O;{Ester)............... 60.0
N. 12.5
N (Nitrile). ............. 14.4
S 48.2
F.oooooo 25.7
Cl.... 54.3

Single bond...... .......
Double bond...... .......
Triplebond..............
3-Membered ring.. .. ... ..
4 Membered ring.........
5Membered ring....... ..
6-Membered ring.........
7-Membered ring. .

Aliphatic alcohol. . .subtract 6.0
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TABLE I. ALKYL AND HALO BENZENES
No. 1
NAME Benzene STRUCTURAL FORMULA
Mole Ref.| Molecular C.H Molecular
% Pur, 99.996] 2 | Formula ~6 6 Weight 78,108
Ref. Ref [Ref
F.P, °C 5.533 2 dt/dP f r ‘ 270to | 0.2605( 4
. 100% °C/mm g | _350°K| 0.0,31{4
— 25°C 0,2276 | &
B.P. °C .
760 mm 80.100 2 Bp 0losz72| 2 | "] 0. 0669} ¢
100 26.075 |2 | ‘e 0.0355 | 5 ) | to
30 2.30 4 30 mm 0.5949 | 4 8 | -—--K
" :;?7 s [_aHm cal/g 30.09 2 | P |
P— AHv cal/g I:n | ; 300 to| -0.1030/ 4
250C 9518 5 25°C 103.57 2 1o _700°K} 0.00L4f 4
mm : 30 mm 108.19 | 4 1 0,011 8
te 964. 4 5 BP 94.14 2 :
. m'i 700 to 0.445 | 4
Density te 92.65 5 ) 11100 *k | 0.0,94] 4
g/m120°C| 0.87901 | 2 || tq (d,e) 92,71 5 . | Ry s
° -0.0;34{ 4
gt 25 0.87370 | 2 Hv/T 20 | 4
4 30 0.86837 { 4 aHviT, -03 5 -
a T 25 to 107,85 5 Surface tens:c:n
; 0.90025 | 4 e |90 °C 01711 5 dynes/cm. 20°C | 28,88 2z
-0.00105 | 4 J=5)— 53| 108 70 : | ¥ 30 27.49 |2
Ref, Index e'| 25°C| 0.2088 |5 ‘“’} 26.14 |2
n 20°C 1.50112 | 2 ; Paracher [P
D d_giml 0.300 2
25 149792 | 2 || e BT 3333 |2 20°C (206,06 | 4
30 1.49468 | 4 °c 289, 45 5 30 |206.10 | 4
©ugn 0.7500 4 ) 40 206,11 4
6. Pc mm 36936, 2 Sugd.|207.1 5
1835
MR (Obs.) | 26.1835 | 2 —py7py Eep. L1&/wt.[ 18 [
MR (Calc.) 25°C 0.9922 | 4 .
(oD-d/2) 106162 | 2 -9922 7.7 3
30 mm 1.0060 5 Dlapersmn 189.2 2
Dielectric 2.283 1 BP 0.9658 4 Y 3
A1 oto| 6905652 | le 09506 |5 | piesiooint (7 |- !
B 160 °C_[1211.033 |z || ‘¢ 0.274 12 b——
c 220.79 2 [ aHc kcal/m 757.52 2z Ul'"apfr" 5” }
Al 15 to 1.19411 | 4 ﬁg 11,718 | 2} ¥ Ray Dif. Yes |1
B[ 150 °C |1127.9 s 29.756__| 2 | Infrared 99. 1
K 25.0 4 iscosity e s F
c r_ o -0.13147 ] 4 centistokes Sf:::;‘::g in w
t, {150 to | 155, 4 20 °C 0. 7427 i - :
G 245 °C | 345.8 5 30 oles9z | 1 | §irbom tet. ®
e w c 3| e s :
B'y _°C T * n-Heptane w©
c' B) 125 to | 523.4 4 Ethanol ®
e o AY | 80 °C Z.09290 | 4 Water # 0.174 |1
Bie °C _(’B"V)I_ to Water in 7.0 1
Acl 160 to 7.42912 | 5 || (A% °c # 0.226 |3
b
BCL_'__(_;. ’f,_’f‘,ggz g ¢ 1iq.300°K 0.4178 | 32
. P 320 0.4315 | 3%
Cryos. A® 0,01523 | 2 ¢ vap.300°K 0.2516 2
consts, B* 0. 0032 2 400 0, 3424 2
t, °C 88.04 5 | Cv VAP
Tr = 0.77T¢ # closed cup T grams/100 grams solvent
REFERENCES: 1-Dow 2-API 3-Lit, 4-Cal. from det, data 5-Calc, by formula
SOURCE: API
PURIFICATION: API
LITERATURE REFERENCES: 3 J.A.C.S. 73, 1573 (1951); 3' Chem. Met. Eng. 44-12,
733 (1947); 3% Timmermans
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ADVANCES IN CHEMISTRY SERIES

No. 2
NAME Toluene STRUCTURAL FORMULA
Methylbenzene CHy
Mole Ref.; Molecular C.H Molecular
=L Pur. 99.999 | 2 Formula 78 Weight 92.134
Red}] Ref Ref.|
F.P. °C 9409 | 2] dap £ ] Vsl 0.39m] 4
F.P. 10 ‘ZC/(x:nm o o0s | all B 1110 K| -0.0,59] 4
ge R
B.F. °C . BP 0.0463 | 2 i B . 0.0:.21} 4
760 mm 110,625 2 0 o030 | s —
100 s1.944 | 4|l ‘e DEeal R ,
30 26.04 4 30 mm 0.6a87 | 2 || 8 | .~ K]
1 e 1 3 aHm cal/g 17.17 2 | b |
2ty cal/ m | T300 to | -0.0654] 4
Pressure 5o g 98. 55 , I m | 1700 k| 0.0013} 4
mm 25°C 26, 437 4 30 97 9 clle VT T T -0.0455 4
t 1048.2 4 mm . |
e BP 86. 80 2 I
Density t 84.73 5 {{ ™ | 1700 to | 0.0471) 4
g/mil 20°C 0.86694] 21 t5(d,e) 8517 s |t MO0 K 0.0 98 4
& 2 0.86230| 2 & o i of -0.0¢35) 4
C 4 30 0.85757) 4 T e 22 ° Surface tensiol
] LY n
- 0.88547] 4 ‘: | 12(5) o “’(‘)'?272 : dym-/cm 20°Cc | 28.53 | 2
b -0.0,924] 4 = T : 30 17,32 | 2
Ref. Index e | °C 40 12615 |2
B 20°C 1,49693| 2 Parachor [P}
D 25 1 a9a14| 2 || 9 &/m! 0.288 | 2 200C 245,63 | 4
v. ml/g 3,473 2
30 1.49129] 4 [l /o o¢ 320, 8 : 10 [245.68 | 4
yn o 7515 1 4| = 40 (245,71 | 4
- Pc mm 30400, 2 Sugd.1246. ] 5
MR {Obs. 31.095 2
MR :Calc Woones | L TevET Exp, L.1%/wt. | 1.22 | 3
(aD-a/2) 1 o63a6| 2 || 22 0.9968 | 4 u. 19.3 3
- 30 mm 0. 9266 4 Dispersion 184.7 2
i 0.961 1 - ¢
Dielectric 2.379 3 ?P o 3523 5 | Flash Point °C 4.a4 | 3
Al 20 to 6.95334( 2 < 0 263 4 | Fire Point
B 1200 *C | 1343.943 2 c -
c 219.377 2 T aHc keal/m 901. 50 7} M Spec. Yes 1
aHE 2 867 2 Ultra V. Yes 1
A*| 20 to 1.27923| 4 AFf 37 282 2 X-Ray Dif.
Be| 175 °C | 1252.3 4 - Infrared 865. 1
x 23, 5 [ Viscosity Tite 3 ¥
~0.11760} 5§ centistokes Solubility in
t,k [T5 s 175 sty 20 < 0.67778| 1 éce?“e ©
. 1270 °C| 380.0 5 40 056457 1 | Sarbom tet. ®
AT gg g"‘;g?:'; 1l Ether w
B! _"C 5 Z n-Heptane @
c BY | 40 10| 4d0.66 4 Ethanol @
e o AY |90 °C 7.34476| 4 | Water 7.3 1
B'* oc 73"7)‘1 - —to_ Water in 0.055 |1
Ac) zoo to 7.45657| 4 || (AV) °c
Be| t, "C| 1796.9 4 i -
Ce —S——| 284.62 4 || °p N K
Cryos, A° 0.02508% 2 ¢ vap.300K 80,2708 2
consts, B° 0.0019 | 2 P 200 0.3609 | 2
t, °C 122.34 5 || v VAP
¥ cloged cup ¥ grams/100 grams solvent
REFERENCES: 1-Dow 2-API 3-Lit, 4-Calc. from det. data 5-Calc. by formula
SOURCE: API
PURIFICATION: APL .
LITERATURE REFERENCES: 3 NBS 514; 3' Nat. Fire Prot. Assoc. 325 (1949)
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TABLE [. ALKYL AND HALO BENZENES
No, 3
NAME Ethylbenzene STRUCTURAL FORMULA
i ] I/ |C2H5
Mole Ref.| Molecular C.H Molecular N
ihr. 99.995} 2 Formula 87710 Weight 106,160
Ref. Ref, Ref.
E.P. °C -94,975 dt/dP ¢ ! Il to
F.P. 100% °C/mm g | K
5r e I R
760 mm 136,186 2 ¢ o oiee e e T
100 74.10 2 ¢ SECT I I B ©
30 46,69 4 30 mm 0,686t | 4 ff B | —-— -
“l) %327 ; AHm cal/g 20.63 2 _E, |
: v cal/ m | ! 300t} -0.0734] 4
Pressure P 951 RN | 600 *K| ©0.0014] 4
mmeC “23. 571 ; 30 tam 93 00 sl © -0.0,61| 4
. .
Demaitr oF -0 2 T 700 o] 0.0675] 4
g/mizoec | 0.ser0z 2 | 0 (d,e) 78.94 5| o1 Logo iy 0.0599) 4
& 28 0.86264 | 2 v/ T ° <0035
4 3 0.85826 | 4 A e .7 ° Surface tension
[ 26
2 oBeass | 4 || & 1160 .o AR 41 dynes/cm. 20C | 29,04 | 2
b -0.0487 | 4 }=4ii 15 Te | 97.54 48 30 ) 27,93 |2
Ref. Index e | 45 °C 0.0973 | 4 4°] 26.79 |2
n 20°C 1.49588 | 2 Parachor [P,
D s 1.49320 | 2 || e fnll';“ g'izg 2 20C {284, 3 4
30 1.4904 | 4 | Joog £ 346 4 5 30 |284.4 4
ney 0.7528 | 4 || = ' 40 1284.3 4
s P. mm 28120, 2 Sugd.|285. 1 5
MR (Obs.} | 35,761 2
MR (Calc.)| 35543 : PV{RT Exp. L.]l.%/wt.
(nD-d/2) S o317 | 3 25°C 1.0000 | 5 u.
- b 30 mm 1, 0000 5 Diaspersion 174, 7 2
1 3 el
Dielectric 2.238 5 tBP g ggi; ‘; Flash Point °C 5 0 3
AT 45 to 6.95719 | 2 & 0 266 2 Fire Point
B | 190 °C_1 1424, 255 2 : M. Spec Yeos 1
c 213.206 2 [ AHc kcal/m | 1048.53 2 | U Py ¥ 1
‘ AHS 2,977 | 2 tra V. es
A%l 4s5to | 1,32502 | 5 || aFf 28 014 2 || X-Ray Dit.
B*| 160 °C 11331.16 5 : Infrared 507. 1
K Viscosity Tie s
c o centistokes s‘::::i::ey in @
e r 5?_ ; ,’ ig c g éggg g Carbon tet. 0
tx | - 60 0. 525 3 Benzene ©
AT| 20 to 7.32525 | § 80 o 447 5 Ether ®
B'|_45°C 11622.0 5 v 1 - n-Heptane w
(o 230.7 s it BY 20 to | 413.1 4 Ethanol o
°
A 25 to 1.69224 | 5 _A_VL"O_ C| 748073 4 Water o o020 1
B's 45 °C |1522.4 5 [ (BYM 90 to | 408.5 4 ° :
Acl 190 *o 7.3729 | 5 || (AYpso  °c Z.,49428 | 4
Bc) t. -C [1779.0 5 " ,
cel- 5 —| 26006 5 || cpla K
Cryos. A° 0.03471 | 2 c_ vap.360°K G, 29088 | 2
consts. B° 0.0029 2z 400 0.38395 | 2 |
t, °C 51,52 5 || v VAP

Tp = .75 TL

¥ grams/100 grams solvent

REFERENCES: 1-Dow 2-API 3-Lit. 4_Calc. from det. data 5-Calc. by formula
SOURCE: API
PURIFICATION: API

LITERATURE REFERENCES: 3 Nat. Fire Prot. Assoc, 325 (1949)
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! ADVANCES IN CHEMISTRY SERIES

Neo., 4
NAME o-Xylene STRUCTURAL FORMULA
l,2-Dimethylbenzene . CH3
Mole Ref.| Molecular H Molecular CHy
% Pur, 99.999{ 2 Formula 810 Weight 106.160 |
Ref Ref Ref.
F.P, *C =23,182 dt/dp ¢ ]! to
F.P. 100% *C/mm g LK
B P C 25°C 2.545 sy
760 mm | 144,411 |2 || BP RS I e
100 81,31 > te 0.0359 | 5 e to
20 53,38 4 30 mm 0.7002 | 4 jj &8 1 ' _ °K]|
1 2.0 2 |l aHm cal/g 30.61 P
A m 300to | -0,0055 4
Pressure o ess ] AZ}:‘:C':al/g 97.79 N EN i 700 K| o.0012| 3
mthSC “49. . 30 mm 95 05 4 [ | -0,0644 4
e : BP 82.90 2 ;
Density t 80.75 (5 | ™' | 70Gte} 0.0701) 4
g/ml 20°C 0.8802¢| 2 :: (d, e} 80.72 s ™| 100Ky 0.0,97] ¢
&t 25 6.87596| 2 AHV/T ; 2L -0.0.34] 4
4 30 0.87172] 4 T e 2.7 Surface tension
a 0897051 % || & | 50 te] 10217 4 G em. 20°C | 30.03 | 2
b -0.0,846| ¢ |- 1160 °C <133 : 30} 28,93 |2
i d' ; 10 to| 100,21 4 20 27. 84 2
Ref. Index e' | 50 °C 0.0967 | 4 S -
n 20°C 1,505451 2 Parachor [P,
D2 1750295 | z || 4 &/ml 0.28 |2 20°C |282.4 | 4
30 1,50025 ] 4 c /e 3.5 : 30 1282.5 4
te °C 359.0 2 0 ;
nen 0.7550 | 4 20 2825 4
: P, mm 27360, 2 Sugd.|285.1 5
MR (Obs.) 35. 800 2 [-sv7RT Exp. L.L.%/wt. | 3.66 | 3
MR {Calc.) 35,543 5 o .
{(nD-d/2) 106535 2 || 23°C 1.0000 | 5 u, 17.0 |3
: 30 mm 1.0000 5 Dispexsion 180.1 2
Dielectric 2.266 5 tBP 8 Z(;IJ(S) 5 ["Flash Doint °C 27.0 P
ATs0 to 6.99891 1 2 o o 26 > | Fire Point
B 1200 °C| 1474.679 2 c - M Soee - .
c 213, 68¢ 2 | aHc kcal/m | 1045.94 2 pec. ©s
aHf 5.841 | 2 || Ultra V. Yes |1
A*] 50 to 1.36031 | 5 | [y 36 370 5 | X-Ray Dif.
B 170 °C]} 1380.0 5 : Infrared
K Viscoaity Solubility in  *
c centistokes Acetone -
& 20 °C 0.919 {2
:k E c 7 40 0. 724 z Carbon tet, @
X 60 0. 392 2 Benzene ©
AT] 25 to 7.35638 | 5 80 0107 |2 Ether w
B' | 55 °C| 1671.8 5 - 2 n-Heptane 0
c 231.0 5 || BY l 25 to!| 449, 07 4 Ethanol .
L
awzs tof pazszs A 130 O 2.42593) 4 | Water
B'* 55 °C|1570.59 | 5 (B} 90 to| 436.36 |4 2
g‘:llﬂtﬂ o 184;-‘11175 g (A 150 °C Z.45900] 4
< ° . : 5
Ce———| 262.4 5 || ¢p Ma- ok
Cryos. A® 0.02659 | 2§ ¢, vap.300°K 0.30162] 2
conste, B° 6. 0030 2 400 0.38649| 2
t, °C 160, 74 5 || Sv VRP
TR = 0.75 T ¥ grams/100 grams solvent
REFERENCES: 1-Dow 2-API 3-Lit, 4-Calc. from det. data 5-Calc. by formula
SQURCE: API
PURIFICATION: APT
LITERATURE REFERENCES: 3 Nat. Fire Prot. Assoc. 325 (1949)




