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" Introduction

This ig a continuation of Mr. Dreisbach’s compilaticn of physical
properties of organic compounds. Data on 511 cyelic eom-
pounds were published in 1955 as Number 15 of the ApvaNces
1IN CHEMIsTRY SERIES under the title of “Physical Properties of
Chemical Compounds.” The present volume includes 476
acycelic compounds. '

As in the earlier volume, this compilation contains many data
not hitherto published. - It also includes parameters which can .
be used for interpolating and extrapolating the determined data
for practically all of the compounds listed. '

H. 8. Nurnng, Director
Central Research Index
The Dow Chemical Co.






Physical Properties
of Chemical Compounds

R. R. DREISBACH
The Dow Chemicel Co., Midiond, Mich.

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

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

F.P.: Freezing point, °C.

F.P. 100%: Freesing point curve extrapolated %o 100% purity.

B.P. 760 mm., 100 mm., etc.: Boiling points at these pressures, °C. -
Pa: Pressures st 25°C,, in mm. 7
P.: Pressure vorresponding to temperature ¢, in mm.

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

a. b:  Constants of L&w of Rectilinear Dinmeters, d, + dr, = a <+ bi.
dy = density of the vapoar, g./ml.; d. = density of the liquid, g./ml.

n%, etc.: Refractive index for the sodium lite at 20"C., ete.

C: Constant of the Eykman equation, (ap® — 1)/(np + 0.4) X 1/d = € .
MR (obsd.): Molal refraction {obsd.) = (np? — 1)/(np? + 2) X M/d = MR at 20°C.
(M = mol. wt.) -

MR (ealed.}: Molal refraction calculated from atomic refractive indices. Sec page 8.
3



4 * ADVANCES IN CHEMISTRY SERIES

(nn ~ d/2): Refractivity intercept equals refractive index minus one half the density,
hoth at the same temperature, 20°C.

D: Dielectric constant determined at a frequency of 108 (cycles/sec.) and at 25°C. unless
otherwise noted. When reported as data of The Dow Chemical Co., error about

+0.005. Where Reference § 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 ¢ (temperature) in °C. Thie is in the range between the
temperatures as indicated. These temperatures in general are the boiling point at
30 mm. t0 8 7'z of 0.75 t0 0.80. See method of obtrining 4, B, € on page 6. '

Antoine equation: log 2 = A — B/(t + C).

A*, B* K ¢, i, L. Corstants of the saturated vapor density equation
log di(g./ml) = — B®/(t 4 C) to the temperaturs ¢,
log d.(g./ml.} = ~B¥t+C)+ E/(11F. - 2732 — ) + ¢
from temperature t,‘ to a reduced temperature, T's, of 6.92

t, = 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:

L=t +K/candt, = (1.1 T, — 273.2)°C.

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

Where the latent heat is not available use
M(AHv)/Ts = 21.0 and from this AHy = (T X 21.0)/M

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

Since d, = 1/Vy

log dyreo = A* — B*/it» 4+ C) at 760 mm.

log dego = A* — B*/(tw + C) at-30 mm,

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

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 B.

. A'* B'* Constants of the vapor density equation below 30 mm. These two values are
 obtsined by using the boiling point at 30 mm. and the pressure at 25°C. (obtained
from the values A’ B’, ") and assuming that at 25°C. the relationship PV/RT = 1.
Then we have Vg at 25°C. = ET/MP = 62, 361 X (25 + 273.2)/MP.
Then dv = 1/Vyg. 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, Cc: Constants of the Antoine vapor pressure equation for the liquid state from .
Tx = 0.75 (or a higher Ty as indicated) to the critical temperature. See method of
obtaining the constants on page 7.

Cryoscopic Constants, A°, B°: Cryoscopic constants for eslculating mole % purity.
See J. Rescarch Natl. Bur. Standards, 35 (1945); RP 1676.



PHYSICAL PROPERTIES OF CHEMICAL COMPOUNDS . I

t, °C.. Temperature at which a mole of the vapor occupies 22 414 liters and the vspor
is in equilibrium with the liquid, in °C.
Bt
T @ g

dt/'db: Rate of change of boiling point with pressure, given by equation di/dp =
B/(2.3026 X P X (4 — log P)?°C./mm. Also dt/dp = {t + C)*/2.3 PB

AHm: Latent heat of fusion in cal./g.

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

t(d, ¢): The latent heat of vaporization at temperature ¢, as given by the equation
- AH, = d — e, indicates the accuracy of this equation at temperature ¢,

AH,/T,: Molal latent heat of vaporization at {, divided by T,. (Equsal to the mola

entropy of vaporization at ¢,.)
dye; d’, e’: These are parameters of the latent heat of vaporization equation. AHw(cal./
g.) = d — ¢t. This is valid between the temperatures indicated. It hag been found
that the latent heat between the boiling point at 30 mm. and the b@iling point at 760
mm, is almost a linear function of the temperature. As seen in most cases, this
equation holds almost to temperature {,. Above and below this the latent heat is
rot linear with temperature except for short mterva.ls

d,: Critical densxty, g./ml
v,: Critical volume, ml./g. cL .
t: Critical temperature, °C." See also page 7 : C ‘ -

F.mm.: Critical pressure in mm. Where this was not obtained from the literature it is

calculated as follows (The Thomson method, prlvate communication from George :

W. Thomson): The critical temperature is mserted 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, sinee in
most cases there is somewhat irregular drift with increasing temperature, so this
should be continuslly 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 B = 62361.
AHc: Hest of combustion, keal./mole, gas at constant pressure, 298.16°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 \nscosxty in centistokes, at tempemture designated. The kinematic vis-
cosity is given by the equation
logy = A* 4 BT
between the temperatures indicated. to an accuracy of 1% or better
B.P. °C., 30 om.; dt/dp; AHv; PV/RT: These values at 30 mm. are calculated from
the Antoine equatlon using 4, B, and C. It has been found that at 30 mm. in almost
all Cox chart families the ratio PV/ RT is negligibly different froor 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*, alwuys assuming the compressibility as 1,0000 at 30 mm.

R
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6 ’ onm IN CHEMISTRY SERIES

¢,: Specific heat at constant pressuré at temperature designated, cal./g. °K.
¢.: Bpecific heat at constant volume at temperature designated, eal./g. °K.

50, h,J g’ h': Parameters of the heat capacity equation for the liquid for the tempera-
ture ranges designated, °K. :
- efliquid) = f+ gT + AT?
m,n,0,m',n’,0'; Parameters of the heat capacity equation for the vapor for the tempera-
ture ranges designated, °X.
.. ¢p(vapor) = m 4 aT 4 oT?

v: ‘Burface tension in dyjnes/cm., at tempersature designated. ‘

[P]: Parachor at the temperature designated: ,
M(y)V¢/(dL ~.d;) = [P] .

{P1Sugd.: Parachor from atomic and structural values as given by Sugden. See table. -

The parachor value for oxygen as hydroxyl (aleohols) ih these tables is aken as 16.
Sugden gives the values 6f 20 for oxygen and 80 for oxygen in esters, which does not
seem to work for alcohols and phenols,

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

‘Dispersion: Specific dispersion, 104ny — n,)/d, ml./g. at 25°C.
fip, B, = refractive index for F and C lines.
d = density, g./ml.

Flash and Fire Points, °C.: Cleveland open cup (ASTM D 92-48) if >nbt otherwise desig- .

nated. Closed cup (ASTM D 56-38) will be designated as such.
M Spec.: Masgs Spectrograph.
Ultra V.: Ultraviolet.
X-Ray Dif.: X-Ray Diffraction, .
Infrared: Infrared Spectrograph.
~ Bolubility at 25°C., in solvents as designated, . A

Explanation of the methods used for calculating ths various paramelers in the foregotng:

‘A, B, C: The A, B, and C ¢onstants, except where given by the API reporta, are calcu-
lated by means of the Thomson imethod [Chem. Revs. 38, 1-30 (1946)] using the
determined boiling points at three different pressures. The three formulas for this

_are as follows: ‘ :
s =y /(s = gl = 0)/{ts = ts) = 1 ~ (b = t:)/ (s + C)

B = (ys — y1)/(ts — t:):(ls + CO)hs + C) .

and 4 = y + B/(ti + C) , N

where y1, 2, and ys are equal to log P, log P, and log P, at temperatures #, ta, and t...

Unless the data for the three points are very accurate, the C value cau be considerably
in error. As a check on this method an empirical formuls developed by Thomson
(private communication from George W. Thomson) will give a much better value
of € if the data are much in error. This formula is C = 239 ~ 0.19¢5. The A snd B
values can then be readily determined from the two points given, since they are much
less critical. , :

A', B’, C' (for pressures below 30 mm.): Applicable when molar heats of vaporizat:lon
are available at 25°C. and the Antoine equation csn be used to obtsin the boiling
point at 30 mm. Let 4, B, € be the constants of the usual Antoine equs'ttibn valid
above 30 mm. and let 4°, B, C’ be the ¢onstants of the Antoine equation sought
for below 30 mm. These two equations are taken to give the same value of the
pressure-temperature slope at 30 mm. ’ '
log30 = A —~ B/(ti++ C) = A’ = B'/(l + ()

B/(t, + C)r = B'/(l, + O :

il |y .



PHYSICAL PROPERTIES OF CHEMICAL COMPOUNDS 7 '

Since PV/RT may be assumed to be 1.0000 at ¢, the temperature corresponding to
30 mm., and is also 1.0000 at 25°C., thé molar heat of vaperization at 25°C., MAHv,
is given by . ' .

MAHv, = 2.3026 BB’ [(t; + 273.2)/(ts + CHF

where t; = 25°C. To solve for 47, B', C' let

g: = MAHv,/2.3028 R(t: + 273.2)* = MaAH7©p, /406883 if 1, = 25°C.

Since t,, ¢, and all values on left-hand side of equations above are known, then B’
and C' are readily obtained as follows:
[B'/(ta + C')2H(t + C")B'} = gs(t, + C)/B' = say, h?
- Then C’ = (I, — hty)/(h — 1) and B’ = gy(ts + C')?
Also B’ = Bl + C/({t, + O
A’ = log 30 + B'/(t, + C’) since P; = 30 mm.
These formulas were developed with the aid of George Thomson.

When heats of vaporization at 6°C. are not known.:

In this case the C’ value is estimated and A’ and B’ are calculated from known data.
1t was noticed that C’ has a value approximately 18 higher than C when latent heats
ab 25°C. are known. By adding this increment to C' we have C”’, then B’ from the
reiation for the first cese :

B’ = Bl(tw + C)/(tw + O)F

and then 4’ as in first case.

In the case of the alkenes and alkynes the A’, B/, €’ and A’*, B’* were not calculated
by the above method, since the data for these compounds is much less reliable than
in the case of the alkanes.

Ac, Be; Cc: This method was developed by George Thomson [Chem. Revs. 38, No. 1,23
(1946} ] and is similar to the one for obtaining 4’, B, C’. It is assumed that. pa-
rameters 4, 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 4’, B!,
', and the critical point corresponds to the 30-mm. point. ’
B/t +€)2 X (b — 8)/ (e — W) = 1+ (t — t)/(h + Co) ~ ,
and Be = (y. — y1)/(t. — t) X (ti-+ Ce)(t. + Co){te + CJ; Ac = B/t. + Co + ¥,
where & °C. = Tr0.75, t. °C. = critical tempersiure
i = log P at &y, y. = log P. - v : -
The first equation is used to evaluate Cc, 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 -
constant. The association is given in these sheets by the formula M. .=7p—r1t. For
instance, for acetic acid this formula would he M, = 2.225 — 0.004085 ¢ from 0° to
100°C. From 100°C- to a Tz of 0.92, M, = 1.85. That is to say, the vapor density
as calculated by the A*, B* formula would have to be multiplied by this correction
factor to take care of the a.ss'ociation‘ Further, if the reciprocal of the density is used
as calculated to give vapor volume? it would be necessary to divide by 1.85 to get
the actual vapor volume. . .

t,: Where the critical temperature has not been determined, it is calculated by Watson’s
equation: i ’
T,/T, = 0.283 (M/d,)%* ‘
where d. = liquid density, g./ml. at the boiling point, snd 3 = molecular weight..
This is used for all hydrocarbons and halohydrocarbons.

~



8 ) " ADVANCES IN CHEMISTRY SERIES

f, g, h, m, n,o,ete.: Forashort temperature range the equation Cp = f -+ ¢T + hT? re-
produues almost exacily determined data. The parameters were set up on the IBM
machines usicg eight determined values where that oany or -more were available.

The IBM machines were used to set up the Anteir.e constants from determined data.
A preliminary C value was obtained from the equation C = 239. ~ 0.19t5. A and B
were then obtained and new € values either side of the first C used and new 4 and B
values found. lu each case above, the boiling points at the expvnmental pressures
were calculated and compared svith the determined boiling points.

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

Cox Chart Famlhes

1. Alkanes 4. Haloalkenes
2. Haloalkanes 5. Diolefins
3. Alkenes 8. Alkynes

Atomic Re§rad|ve indices Used for Computing Molecular
Refractive index

All vulues are for the sodium line.

Carbon. singly bound aad alone 2.592 NO as nitrites 5.91
Carbon singly bound, 2.418 NO as nitroscamine 5.37
Carbon double bond 1.733 NQ; as alkyl nitrite 7.44
Carbon iriple bond 2.308 NO:; as alkyl nitrate 7.59
Carbon conjugated 1.27 NO; as nitroparaffin 6.72
Hydrogen 1.100 NO; as nitro aromatic 7.30
Oxygen—-hydroxyx 1.326 NO; as nitramine 7.51 .
Oxygen—ethereal 1.643 Fluorine 0.95*
Oxygen-—ketonic 2.211 Chlorine 5.967
Oxygen--as ester 1.84 _ Bromine 8.865
Sulfur—as 8§H 7.69 " Todine - 13.900
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 3.21

As ahphatlc secondary amine 2.65

As aromatic secondary amine 3.59

- As aliphatic tertiary amine 3.00

As aromitie tertiary amine 4.36

As hydroxylammv 2.48

As hydrazine 2.47

As sliphatic cyanide 3.05

As aromatic cyanide 3.79

- As aliphatic oxime 3.93
‘As primary amide 2.85
‘As secondary amide 2.27

As tertiary amide 2.71
* This value for ope fluorine atom attached to carbon. The value 1 1 is to be used for each
flucrine atom in pelyfluorides.

-



PHYSICAL PROPERTIES OF CHEMICAL COMPOUNDS . 9

Atomic and Structural Constants for Calculation of Parachor

Sugden Sugden
CHy . . . . . . .. .. ... 39.¢ Br .. . .. ... 68.0
........... 4.8 .. ............ 90
< 17.1 Singlebond . . . . . . . .. .
O . .. 20.0 Doublebond . . . . . . . . . 23.2
Of(Aleohol) . . . . . . . . .. 15.0 Triple bond 46.6
O, (Ester) . . . . . ... .. 60.0 3-membered Ying . . . . . . . 16.7
N ... 12.5 4-membered ring . . . . . . . 11.6
Nnitrile). . . . . . .. .. . 144 5-membered ring . . . . . . . 8.5
S . 48.2 6-membered ring . . 6.1
F. .. .. . ... 25.7 7-membered ring . . . . . . . ..
L 54.3 Aliphatic alcohol subtract 6.0






TABLE C. ALKANES

. _ No. i
NAME Methane ’ STRUCTURAL FORMULA
W CH, )
Mole Ref,| Moleculsr - GH Molecular
% Pur. Formula 4 Weight 16,042
) Ref. Ref.| . ef
p J-182.48 2 | avap !l e
""%.""p‘ 100% °C/mm ] .
; ' - K R
PP °C -140°C 0.005371 5 § ) |
760mm [.161.49 | 2] BF 0.0160 | 2 T
100 S181 45 2§t 0.3567 {5 § 0 | . to
30 <190, ", |48 30mm 0.2141 | s 8| LK
1 Teatal | 2 | aHm car/g 14.025 |2 | B | -
: . AHvY callg m | T300 te] 0.1259] 4
Pt.ll;;l;%'c 3289.7 5 -14¢°C 115,67 3 : l l60_9 *K] 0.0015]| 4
s . 30 mm 133,34 5 0.0466/ 4
te | 272.1 51 »r 121.87 z !
Density t 125. 30 s f ™1 1700 ] 0.1s08]4
g/mi-leod  0.4222 | 3 tg (4, o) 126. 36 s ol l1ogo *k| o0.0013 | 4
t =150 0.4075 | 3 | 0.0434 | 4
d ARv/T 19.99 |5
4 -140 0.3916 | 3 . p—rn .
Teocl oz |3l @ 1190 to| 56.90 5 [ Juriace teaslon :
a - . 4242 e 1-160 °C 0.4023 | 5 [| dynes/cm.-1804] 18,0, 2
b -0.00126| 4 H~3; = e ¥ -170 | 15.8 2
Ref. Index e | °C -160 | 13,74 2
np 20C d, glml 0.16z | ¢z || Parachor [zpol.
. v ml/g 6. 17 2 30
t.°C -82.5 2
nen ) 40 <
AT P, mm 34808, 2 Sugd.| 73.2 5
8. -
MR (Calc.)| 6.818 | s I PV/RT T Exp. L.n%/wt.
(np-d/2) |- -140°C 0,9208 | 2 u.
30 mm 1. 0000 5 Dispsrsion
Dielectric BP 0. 9628 4 Fiash Point ¢
A 1-180 to 6.61184| 2 || fe 0.9726 | % | Fire Point
By__*c| 389,93 2 | % 9.-290 |2 h—7
c 266.00 | z [TAWcKeal/m | 191.76 | 2 | a SPec.
A*L165 to 0.74077 [ 4 | AFS X-Ray DIf,
Be(:130 °C | 362.78 4 Infrazed Yes 2
K. 7.79 4 f| Viscosity - ey
[ S -0.15125| 4 || centistokes 5:":::::? in
Ti30 @ ~180 *°C 0.418 2
:: {160 °C | -63.0 s |7 -178 0.364 | 2 || Caruen tet.
R . I EHE
BY___°"C —-——rmv = 9. 295 2 n-Heptane
c B '-180to | 101,76 4 Ethanol ,
Ale to | A _l:l 60°C Z.52937 1 4 Water
Bi* oC (EV)‘ - :;_ . Water in
Ael /o M e
o
aote T c_ 1iq,300 °K 0.53310 | 2
P 400 0.60691 | 2 -~
Giyos. A° 0.0138 | 2 || ¢ vap. °K
consts. B® 0.0057 | 2 P »
ty *C ~172, 65 4 || Oy V2P
# molid # at saturation pressure M grams/100 grams solvent
REFERENCES: l1-Dow 2-APl 3-Lit. 4-Calc. from det, data 5-Calc. by formula
SOURCE: ; API
PURIFICATION: AFY .
LITERATURE REFERENCES: 3- Young .




ADVANCES IN CHEMISTRY SERIES

No, 2
NAME Ethane STRUCTURAL FORMULA
CH,CH,
Mole Ref.| Molecular -~ Melecular
% Pur, Formula 26 Weight 30.068
. Ref. Ref |Ref |
F. P °C__|-183.277 |2 § /e t |1
7.7 100% *C/mm ) g ] %
B 25°C 0.002130 5 § b=
760 mm -88, 63 2 BP - 0.0244 | 2 + :
100 -119.33 2 'e ¢ 0351 5. i I T to
sg -izg- ;g : 36 mm 03356 |5 || 8 1o _ K]
" R > | akm calig 22728 Jz g2 |
9’ — ! .
aHv cal/g cm | . o
Pressure bo2eo s | 25°C 76.86 s n L oK
e 480 ¢ :.l 30mm 129.71 5.0° 4
e BP 116,97 2 - T
Denaity te 119,45 s 4w to !
g/mi-60°C 0.509 3 t° (4, €) 119,33 5 =yt K
t 20 0. 363 3 N 4 ! o'
de 30 0,30 3 AHV/T, 20.36 5 !
d 1 -132 to. 31,37 5 Surface tension
a 0.364 P ' 4 /) o 5
e -90 _°C 0.2888 | 5 ymes/em..110°¢C| 19.57 2
b -0.0363 | 4 -a,-% =< 3 Zioo 17,93 |2
Ref. Index e' | *C C -90 16.31 Z
ap 20°C a_ g/ma o205 |z || Prracer U1
pod vS mi/g 4.92 2 e
te °C 32,27 2
e . 4G
Y, P_ mm 36632. 2 Sugd.j112,2 5
.
MR (ot BPV/RT ) Exp. L.T.%/wt. :
(ﬂD-dIZ) Z5.c i 1.00090 15 -7 . A
30 ram 1.0000 .1 & Dispersion
Dielectric - BP 0.9622 5 Flash .
A o132 to] 6.80266]2 || le 0.9735 | 5 || Eite ot C
B L-dtec] 656,40 |2 |l % 0.288 |2 :
c 256.00 2 | aHc keal/m 341.26 " P tl;lksr;:e;.
A*|-132 10 0.98154 | 5 “;g X-Ray Dif.
z‘l—-:?-q-‘ﬁ 613. 9 5 :i . " Infrared
) scosity
c e centistoken Solubility in +
Y | T 1120 *C 0.438 | 2 || Acaetone
‘x i c - 110 0, 387 3 Carbon tet,
U p—1 -106- 0,348 |z || Demwene
B __ "G —Z =90 0,314 z n-Heptane
c BY 1130 to | 13571 4 || Ethanol
X pou AY | -B0 °C Z.75615] 4 Waterx
B'* o L’('B'v')‘l - —to— Water in
Ac) -44 to 7.67290 | 5 || (AY) -
Bey t. *C]1096.9 5 Y .
Cec == 320.54 5 || ep 19 K
Cryos. A* ! ~ 0,04256 | 2 }| ¢ vap.300°K 0.41225 2
consts. B 0.0095 |2z fi P 400 0.521481 2
ty °C -96.7 5 | S VAP
Tg = 0.757T¢ # at saturation preesure ¥ o rame/100 grams solvent I
REFERENCES: 1-Dow 2-API 3.Lit.. 4-Cele, from det. data 5-Calc. by formula ]
SOURCE: APl .
PURIFICATION: APL
LITERATURE REFERENCES: 3. Young
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No. 3
NAME Propane STRUCTURAL FORMULA
, , CH,-CH,-CH,
Mole Ref.| Molecular . 4 Molecular
% Pur, Formula 3’8 Weight 44.094
Rai] Ref Rel
F.P. °C 118789 2 § dt/dP g 1 o
FLF. 100% § *C /mm o g |1 K
" 25°C 0.00561] 4 T T T
B‘iéit')'m‘fn -42.07 z§ BP olozss | z f2 |
100 79,63 2 to ‘ 0.0355 | 5 f 1| ! to
30 -96.07 4+l 20mm batoo | 4 8 L _ K
10 -108, = . :
! 29 s | aBmeelsg | 39.10 2 LB
Pressure ' C AE‘;' ('ﬂl/g ‘l? l ; Zgg E;( ggé?z 2
mm ZS'C‘ 7095 4 25%C .B1.7% } 4 o | — 0.0 43 4
t .568.5 4 30 mm 1r4. 7C 5 L IR
e o8, BP " 101.76 z TR M -
Density ' N S 102. 98 5 Ty 70010, 0.99601 4
g/ml 20°C 0.50057 1 2 {1 t, id,e) 102. 54 < B Qo0 E) 0.001214
at 2 0.4928% | 2 : b -0, 0,40} 4
4+ 30 0.4861 |4 SHv/T, 20.97 R P -
- - d T Y t ‘u ace tension ‘» . .
a €4.537¢5 4 e ! ‘i;g"?: 95:!)'2296 : 2 dynesfem..70°C | 19.2 2
b o ~0,0299 4 i o - 1 - ¥ .60 17,85 2
Ref. Index : &' <C ’ ol -50 16,49 2
o 5, ” : .
ap, g: < 1.2898 | 5 a, g/ml 0.220 | 2 I Paracher [zpol'c-
10 ve mlfg 4.358 |2 30
nen 0,766 3 te c 96.8 { z 40
T P, mm 11928. ) . Sugd.i51.2 5
s, N A
MR (Calc.)| 16.05¢ |5 PY/RT o I Expe Lob%iwe.
(nD-a/2) 1 04 5 25*C 0.8461 | 4 : u, :
: 30 mm 1.0000 s Dispexsion
Dielectsic 1.66 5 ‘BP. 0, 9612 4 -
A -130% 6.82973 | 2 || ‘e 0.9669 1 5 ?"hppfm <
B _ s5°C | si3z00 |-z % _0.278 |2 ire PO
C T 77| 248.00 2 [“EHc keall/m | 488.53 [ 2 | unetv
A+l -100to 1.05579 [ 5 || AHS -23.643 | 2 § ¥ Ray Dif.
!n(*j_-_-gyg_ -7?$.zé i Vi - Infrared - ves 2
. - scosity " " =
c Jep -0.13012 4 || centistokes 5;‘::::::: in
by [-E0S -80°C 0.524 2 A
th, 65%C | 134.0 P 0.a70 | 2 || Garboatet.
AT = -60 0.425 2 gel'\‘““
B b -50 0. 387 2 ther
. v 1 s -Heptane
C' Bv Y- -85to 190. 47 14 Ethanol
Als to ‘A: L~30 °‘c CZ2.73347 1 4 Wauter
Bt . °C 1 B -150te | 184.09 4 [ Weterdn
;.gl 5%0 7.33829 | 4 | (A"} -85°C 2.76598 ] 4 V“f-"iit]f
c t b o 10 0.0 4 T centistokes
Cob- & = 227 8 4 |} Spla. K n -130°C | -1.126 |2
: - . -90 0.590 |2
Cryos. A* 0.65802 1} 2 c_vap300°K 0.40051 | 2 -40 0.355 |2
p .
consts. B* ©.0073 ; 2 400 0.51118 ) 2
t, °C -46_98 5 Jj v P
T = 0.75 T, . # at saturation pressure 7 grams/100 g¥ams solvent
REFEREMCES: 1-Dow 2-APl 3-Lit, 4-Calc, from det. data 5-Calc. by formula
SOURCE: ' ' apl
PURIFICATION: APl
LITERATURE REFERENCES:
L
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ADVANCES IN CHEMISTRY smin:s

No, 4
NAME n-Butane STRUCTURAL FORMULA
CH,CH,CH,CH,
Mola Ref.| Molecular C.H Molecular
Pur, Formula 4710 Wei!ht 58,120 )
] Ref Ref of ]
P, °C__|-138. 350 2 || de/ap ¢ | 1 to
F.P. 1 *C foan g L _ k.
P G 25°C 0.01768 4 fi
o BP 0. 03465 2 4
Al IS R SRR TR
30 -63. 30 s | s0omm o.arrs 4 | ¥ | oo K]
1 REAREE B YT 1o.167 |z g2 |
- > AHv Cll,‘ m I \ 200 :; 0.0351} 4
oss;s.c 1823 . 25¢C 86. 63 22 00 3.0013 4
mm : 30 mm 105, 08 s hc | -0.0,40) 4
te 724, % 5 ap 93,09 H
Density t 92,35 {5 ™ | 700t 00974 4
gimrzoc!|  o.5788% | 2 | €S (a,e 92.35. | 5 f ® | MR K, 0.0012| 4
at 25 0.57307 | 2 | o o -0.0,401 4
s 30 0.5671 | 4 v/ T, 19.77 | 5
" a ! -60 to 51,99 5 Surface tension
e 0,6039 4 e | 0.2069 | 5 dynan/cm.-ao-c 18.43 | 2
» -0.0,99 | 4 %, "'o‘"tB’ 91,98 . ~20 17.22 2
Ref. Index ; o | 30 %€ 0.2228 | 4 .10 |16.02 | 2|
n,  20°C 1.3326% | 2 Parachor (F}
D 3 1 3z02F | 2z |f 4. &fmil 0.228 | 2 20°C
30 173252 | 5 || Ye ™I/ 4.387 4 2 30
: tS ec 152,01 2
"C* 0.7730 | 4 { 5 40
. ¥ P, mm - [ 28477, 2 Sugd.i190,2 4
MR (Obs.) | 20.63 2 sv7ET B L Rt
MR (Calc.}| 20,772 5 A A
(nD-d/2) 1. 04327 | 2 25°C 0.9285 | 4 u,
d 30 mm 1.0000 | 5 Dispersion
Dielactric 1.776 5 BF : 0.9582 | 4 .y
AT 50 to| 683029 |2 || ta 0.9595 | 5 | Eeuooat © %% ’
B 45 °C| 945.9 2§ te .274 |2 WS
c 240. 0 2 ]| AHc kcal/m 635, 05 2 um‘;’;‘
A% 60 to| 111497 | & || AR -35.29 1 2§ ¥ RayDit.
at ‘_3_(_)_ *'C| 881.81 5 Infrared Yes 2
. cemitohen Selubiliey n~ ¥
ey 7 -40 °C 0.491 | 2 || Acetome
t aTbon tet.
3 C -30 - 0.446 | 2
o | R Bensenb
-20 0.407 |2
AV to Ether
B L -10 0,375 | 2 et
B | 40 wol 234,16 4 | Ethanol .
e - AV | 10 7.68698) 4 || Watey
e
B¢ °C BY100 to] 227.42 | & |-—ateris
v . Viscosjty-
gz! 45 5:; l29;.3‘7‘949 '; (A7)y -40 °C Z,71150] 4 | ooriotokes
c.:' — = 589 1 4 lcp M ' n -90°C 0.91 )
: -50 0,545 | 2
Cryos, A® 0.03085 | 2 [l e vap.300°K 0.40261] 2 o 0350 | 2
consis, B® 0.0048 | 2 400 0.52929| 2
t, e -X.TS 5 Cv vap. .
# 2t saturation pressure 'pg = 0.757, ¥ grams/100 grams solvent ]

HEFERENCES: !-Dow 2-API 3-Lit. 4-Csale, from det. dats 5-Cele. by formuls
SOURCE: API d
PURIFICATION: "API

LITERATURE REFERENCES:

3 NFPA 325




TABLE C. ALKANES
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No. §
NAME 2-Methylpropane STRUCTURAL FORMULA
Isobutane CH3CH-CH3
X
Mole Ref| Molocular . .. Molecular 4 CH,4
% Pur. Formula 4710 Weight 58,120
Ref, _ Ref.] of]
E.P °C -159. €00 2§ di/dP P to
¥.P. 100% *C/mm £ | b K
B.P. G 25°C o.o132 f5 |
760mm | -il.730 |2 ] PF A E T .
100 3407 |20 ‘% 0.0361 [ 54 £ | o ot
30 -72.52 4 30 mm 0.4600 |4 § & 4 e K
10 -86.4 1 = — :
1 16973 5 § AHm cal/g 18.668 | 2 ,__h_'; r
i AHv cal/g o 300 to | -0, 0058} 4
Prene e | 2611 + 1 2c 78.65 (2 § ® | [|-600_ %] o.0015| 4
30 zom 99. 79 s §° ~0.0458| 4
te 897 5§ »p 87,56 |.2 ,% T : ‘
Dénsity 4 ty 87.99 s | ™ 700 to | 0.0920] 4
gimizoec |  o.ss72f| 2 [ €2 d, e 88. 00 s | » Lwoo ] o.0013] 4
at 25 0.55107| 2 T 19.72 s 0 ° | =0.0,419n 4
430 0.5450 | 4 AT - Surface tension
a b .75 to 85,20 5 :
; _g.gagg t o 1 210 ‘c o 2011 | 8 ?ynel/cm.-“)'c 17.68 2
-3 4717710 To 84.71 4 ' - 16.48 | 2
Ref. Index e’ | 25 °C 0.2431 4 -20 15.28 3
1
np 20°C L3169 | 5 T o221 |2 | Parschor [P]
e vi mi/g $.525 |2 20°C
to°C 134, 98 z 30
nen 0.7675 | 5 ‘ 40
P. mm 27360, 2 Sugd.
MR (Obs.) £ . . €d-190,2 5
MR (Calc.}| 20,772 5 | PV/RT Exp. L.1.%/wt,
(aD-472) 25°C 0.9983 | s .
Bilociid .’éopmm 1. Q000 5 Diapersion .
ielectric 1.734 5 0.9648 4 ry
A5 6.74808| 2 | ‘e 0.9668 |5 | Fiash ol C |-, i
B |_30 °C_| 8sz.80 2§ % 0.283 12 2
c 240, 00 2 [EACReal/m | €33.05 | 2 | urele
asl-15 10 104221 5 | oH -37.87 Z | %X Ray Dit.
iB(*L_ 9___°C 820. 37 5 v . Infrared . Yes 2
iscosity Tubi ¥
c e centistokes S:l:::::;:yln
t o .50 °C 0.619 |2
"xk 1 o 4 -40 0 549 2 Carbon tet.
A ra— -30 0.491 |2 || Demeene
Bl g =3¢ 2,443 Z n-H?;ltane
cr T B: 90 to 265,10 4 ‘ Ethanol
Are © | & 1-55 *C_ Z.6035 | 4 Water
Btx  oC (B -55 v | 273.73 4 | Water in
Acl 30 to 81(4206? 4] (A% o cc Z.5653 | 4 | Viscosity
Bey t. *C [ 1288.1 4 centistokes
CCL' C 296.7 4 ';? lig. °K )? -80°C 0.946 ;2
-60 0.703 | 2
Gryos. A° 0.04234} 2 {| c_vap30e°K 0.40003 | 2 .
consta. B* 0,0057 | 2 P 400 6. 512221 2 -l 0.403 |2
t, *C -13.90 5 § Sy VAP-
# at saturation pressure T = 0.75 T, ¥ grame/100 grams solvent
REFERENCES: 1-Dow 2-API 3-Lit. 4-Calc. from det. dats 5-Calc. by formuls
SOURCE: API -
PURIFICATION: AP1
LITERATURE REFERENCES:
.




ADVANCES IN CHEMISTRY SERIES '

No. 6

NAME n-Pentane STRUCTURAL FORMULA

CE‘I}(CHZ)SCH3 .

Mole Ref,] Molecular C.H Molecular

R Pur, 99.86 | 2 | Formula 5°1% | Weight 72 146
. Ref, Ref - [Ret}
P -129.72} 2§ av/ap ' to

F.P. 1 *Cimm g L _ K
R 29°C oaszsti 4 !

360 16, 074 BP 0.03 2z ;

o™ | ko 20 . con| s T T oo

30 -33.93 4% 30mm 0.533¢ | ¢ § 8 | 1 K]
“l) _3223 ; &Hm calfg 27.805 z | . :

P —— ’ - ANy callg m | X 300 to 6.0310! 4

el | 2°c 87.54 2 p» | LS00 c.0014] 4

bini §25.9 5 I 30 mn 28,53 5 8° | -0.0%21 ¢
" : : BY 85,38 2 r .

m' ) 700t | 0.0974] 4

Denadty ) t, 84.92 s ™ s

2/mi 20°C 0.62624 ; 2 2 (d, e} 84.92 5 42 | 11600°K 4 0.0012p ¢

t 25 5.62139 | 2 > ot -0.0,41] 4

9 30 0. 61649 } 3 LHY/T 19,65 5 i

R SGaed [ O | 25 w| 9216 | 5 | Jerestameitn | 00 |z
. eg/cm. .

b -0.03904 | 4 -;.—-i1 —So.cgr 01875 4 5 s 30 |14.95 |2
Rei. Indox et ;. C 40 3.8 2

"> 5| idaerz| s | 8 e 623z [z f Perachor LB U,

30 1.35194 | 4 jf Ve DMe e est 12 0 j2310 |4

py o 766 Talte 40  |230.5 4

> — P_ mm 25316, 2 Sugd.[229.2 5

MR AObs.} | 25.26 Z FPVAT Exp. L.1.%/jwt, | 3.6 |3
MR (Calc.}}  25.29 S} asc 0.9662 |'s ’ 18.6
{aD-d/2) 1.04436 | 2 : u. . 3
e 3 30 mm R (1) gggg 3 Disperston 98.0 2
= ““‘ﬁ"‘; :‘s:izx ; :P ¢ 9323 | 5 [ Fiash Potnt°C |-40.0 |3

235 - . .

D L ee Clioed s |2 fe SENCON N B

c 232.0 2 I aHc keallm [ 782,04 |2 Per
AHE 41,36 | z [jUktes V.

A%} -35 to 1. 18695 5 e X-Ray Dif, :
B 60 °C| 995.37 s f AFC 2:25_ 12 || Infraved 727, 1
X " 24.0 4 || Viscosity ’ )

e _ 1 -01¢075 | 4 || comtistokas Solubllity in ¥
t, [ e0ta| 186 « iy 0 " 0.432 | z || ceetome =
£ 160 "C{ 243.¢ 5 16 o 401 | 2 ardon tat. =

x : ‘ Bexnazsne ot
AT 6 20 0,375 | i > -

B _C 30 0.351 |2 N heptane ol
¢t T = BY 1 .10 to| 25112 4 || Ethanci o

e AV | 40 °C Z.71711) 4 || Water

B+ C [TB%)] 770 e | 261,39 | 4 fLWateris
Ac| 80 | 7.37001 | § Y -10 Viscanity
'Bcl t. °'C Hli.g 5 A )iL 10 "¢ 2.67863} ¢ - centistokes ‘

Ll e 2 3l en Ha. ey -60°C 0.803 | 2z

Se 279.1 S B h 20 0.514 | 2
Cryos. A* [ 0.04906 | 2 [ ¢ vap.300°K 0.40016( 2 10 “0.469 | 2
conste. B* | -0,0042 [ 2 P 400 0.50633] 2 '
tq °C 38,54 5 || €v YOP-

TR = 0.75T. ? at saturation pressure graine /100 Zrame solvent |
REFERENCES: 1-Dow &-AFI- 3.Lit, 4-Calc. from det, data 5-Calc, by formula
SOURCXE: " APL :

PURIFICATION: API ~
LITERATURE REFERENCES: 3 NFFA 325




