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INTRODUCTION

Picric acid is known to form complexes or molecular addition com-
pounds with aromatic hydrocarbons, amines, and phenols (24). In gener-
al, such complexes are formed with Lewis bases or electron-donating
nuclei.

Smith (27) and earlfer workers (20,5,10) have utilized a rela-
tively simple and basically sound technique to study the nature of
these compounds. Molecular ratios and dissociation pressures were
determined for a number of new complexes by means of a differential
tensimeter. The heats of dissoclation were then calculated from the
pressures observed at several temperatures and these are functions
of the stability of the complexes in the solid state.

The existence of several of the new addition compounds which were
claimed in earlier theses is questionable. This investigation was
undertaken to establish the reliability of the dissociation pressure
measurements and tc determine the validity of previous workers' claims
for new complexes of certain aliphatic alcohcls, ethers, nitriles,

esters, and olefins.
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HISTORICAL

Organic molecular compounds have received a great deal of at-
tention in the past, primarily owing to the apparent violation of
rules for chemical bonding. -A review by Pfeiffer (22) published in
1927 noted the additive combination of aromatic hydrocarbons with
other organic compounds cuch ag p=benzoquinone, polynitro aromatic
compounds, and maleic anhydride. Inorganic acids such as sulfur
dioxide, silver perchlorate, and hydrogen halides (2,26) may also
participate in additive combination with certain aromatic and un-
saturated compounds. Some of these complexes can be isolated as
solids, but the majority exist only in solution.

Methods of investigating these compounds include vapor-pressure
studies, measurements of solubility (25), melting point~composition
data, dielectric constants, conductivities, diamagnetic suscepti-
bilities, and crystal structure.(23). Ultraviolet spectroscopy (15)
has been widely used to study the electronic characteristics of the
complexes and infrared spectra have been utilizeq to determine the
effect of complex formation on the vibrational frequencies of the
atoms within the molecule (17)0 For example, a paper published re-
cently by Kross and Fassel (14) describes an interesting technique
for determining the existence of a golid complex with picric acid.

The procedure consists of obtaining the infrared spectrum of

the complex in the crystalline state by means of the mull technigque.
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Forty picrates of various types were investigated and an effort was
made to classify these compounds into three categories. The fre-
guencies studied were the nitroasymmetric stretching and the carbon-
hydrogen out-of-plane bending at 1525 and 783 cm”l, respectively. The
frequencies are sensitive to complex formation and some information as
to type of interaction can be obtained.

Many previous workers have studied solutions of these complexes
because of the instability of the solid complex. This work is based
on the measurement of disgociation pressures of the solid complex, and
therefore, the donor compounds studied were restricted to those with
a conveniently measurable vapor pressure at 20 to 50°C. The data
obtained for the dissociation congtants of the solid complexes cannot
be directly correlated with the equiiibrium constants obtained in
solution studies.

A number of theories have been advanced concerning the nature of
the molecular addition complex. The covalent bond theory (3), which
superseded Pfeiffer's residual valence field interaction concept, was

based on the followlng structure:

This theory has been rejected since the obgerved intermolecular
distances are larger than predicted for covalent bonding. In additionm,
equilibrium conditions are rapidly obtained and this is not typical of

covalent bond formation (2).



Briegleb's (4) polarization aggregate theory attributes complex
formation to electrostatic interactions. Thesge complexes could be
formed between molecules with permanent dipoles and also with non=-
polar molecules subject to polarization by induction.

Weiss (28) explained the complex colors in his ionic complex

theory as i1llustrated below:

D: + A = (D)7 (-n)”
He states that the donor-acceptor complex results from the transfer

of an electron to form odd molecules.. Many investigators (21,8) have

noted the correlation of color with complex formation. Although this
is a qualitative indication of interaction, it is primarily of interest
in studies of solutions. A distribution study for picric acid between
water, amyl alcohol, and toluene pointed out that the colors of the
layers are different, indicating a variation in molecular species (25,
2). The coloration is presumed to be associated with a "drift of
electrons” from one component to the other when reactive centers are
appropriately located (11). Weiss concluded that the stability of
a complex increasegs as the ionization potential of the donor decreases
and as the electron affinity of the acceptor increases.

Dewar's (8,9) representation of the donor-acceptor interaction
is illustrated by the following structure. The coordinate linkage
is shown by means of the arrow between the benzene nucleus and a

vacant orbital of the acceptor molecule.(A)




One of the most recent and widely accepted approaches is a quantum-
mechanical treatment by Mulliken (18,19) and is known as the charge-
transfer concept. The term "charge transfer" is defined as an inter-
molecular process whereby an electron is partially or completely
transferred from one component of the complex to the other (21). A
molecular complex is formed by the transfer of an electron from the
77 molecular orbital of a Lewis base to a vacant # molecular orbital of
a Lewis acid. A second type of complex may be formed by the donation
of an electron from the non-bonding orbital in the Iewis base to the
vacant j7-orbital in the Tewis acid and this is known as n-<7 inter-
action (1k4).

The donor component, which functions as the Lewis base, is
usually aromatic and the ability to form an addition compound in=-
creases with the number of fused nuclei in the aromatic ring system.
Benzene forms a relatively small number of unstable complexes while
naphthalene forms a larger number of more stable ones (29). The
Mulliken theory lacks the restrictions of lLewls acid-base interactions
in that the electrons dc not have to meve from a particular atom in
the donor to a specific atom in the accéptor compenent .

The strength of the interaction varies depending on the aromatic
substituents present, from cocmplete electron transfer to slight over-
lap of the orbitals, with resonance between the no-bond structure and
the charge-transfer structure (16). The ionization potential of the
doncr, the electron affinity of the acceptor, and steric effects play
an important role in the explanation of the charge-transfer concept.

A number of generalizations concerning the effect of substitution

on the donor component for picric acid complexes are listed below:



1. Methyl substituents increase the stability of the complex.

2. Hydroxyl and amino groups increase the stability. ‘

3. Nitro groups on the donor component decrease the tendency

toward complex formation (29).

The relative stabilities of substituted benzene picrates vary as
shown in the following table. These stability comparisons are based
on distribution ratios for picric acid between a solvent and water
when the aromatic substance is added to the solvent. The values are
proportional to free energy changes for the alkylbenzenes and p=-xylene

has been arbitrarily tak-n as unity (1).

Substituent Stability
H 0,70
Cls 0.84
o—(CH3)2 1.03
m-(CHz ), 0.98
p-(CH3)p 1.00
1,3,5-(CH3)3- 1.12
1,2,4,5-(CHg)y 1.65
(CH3)g 2.83
ColHsg 0.7h
n-C3Hy | 0.98
n-C),Hy 0.57
s—CuH9 0.56



THEORETICAL BASIS OF EXPERIMENTS

The first phase of this method is to isolate the complex (1:1 or
2:1) in such a manner as to exclude all foreign gases completely from
the system. This is accomplished by using an excess of the volatile
* component over that which is required to form the complex in gquestion.
This excess volatile component is removed in increments by evacuating

"sweeping out" effect.

to obtaln a
When all of the extraneous gases have been removed, constant
pressure readings are obtained which correspond to a saturated solu-~
tion of the complex. The pressure observed results from the dissocla-
tion of the digsolved complex and from the vaporization of the solvent.
Continued evacuations are made to obtaln constant pressure réadings

corresponding to the dissociation of the solid complex only and this

equilibrium can be expressed as follows:
PA, Vy (s) = xPA (s) + v (g)

PA, represents x moles of picric acid and Vy denotes y moles of
the volatile component under study. The dissociation constant for
this equilibrium is then:

X
(apy)” (ay)Y

| (aPAX-Vy)

where a denotes the activity. The activities of the solids may be



taken as unity and at low pressures (av)y approaches va; therefore,

Ir Kys the dissoclation constant, 1s measured at two or more
temperatures, the van't Hoff equation can be used to calculate the

heat of dissociation for the complex.

d 1n Kd AH
aT B RT®

This equation represents the variation of the equilibrium con-
stant with temperature and can be integrated, by expressing & H as
a function of temperature, to the following expression, where I is

the constant of integration.

log Ky - AH + I
2.303RT

A plot of log Kﬂ Vs l/T will then yield a line with a slope of
—A;H/2.303R if the variation of heat capacities with temperature for
the reactant and products is small. The standard free energy change
can be calculated from the equilibrium constants with the following

equation:

AF = -RTll’le



EXPERIMENTAT,

Apparatus

The differential tensimeter illustrated in Figure 1 was employed
for the majority of the pressure measurements. The U-tube is partially
filled with mercury and overflow bulbs (E,F) prevent the mercury from
belng drawn into the cells by rapid changes in pressure. Picric acid
and the volatile component are placed in cell A. The reference liquid
is contained in cell B and three-way stopcocks (C,D) permit the cells
to be opened to the manometer, the vacuum, or both. Additiomal stop-
cocks (G,H) are used to isolate the system from the vacuum line. The
entire apparatus is placed in a constant-temperature bvath.

The absolute manometer system is shown in Figure 2. Cell A is
connected to the mancmeter and vacuum line by means of a three-way
stopcock (B) and the system is further isolated from the vacuum by
stopcock C. The mercury used in the manometer must be clean and ons
must be careful not to allow the closed end of the tube to become
contaminated with a volatile substance. The manometer was checked
before each reading by drawing a full vacuum and the presgure dif-
ference between the levels was always legss than 0.5 mm.

Considerable difficulty was experienced with leaking stopcocks
in the differential apparatus. Many varieties of grease were tried,
but none appeared to be completely resistant to the organic vapors.

Teflon plugs were tested but could not be used at low pressures.
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When water was used asg the reference liquid, the leakage occcurred much
less frequently and always on the'side containing the organic material.
Ground glass Jjoints were replaced with the o-ring seal type; such
Jjoints are very useful when one determines molecular ratioz and infra-
red spectra since the complex is then not contaminated with stopcock
grease.

Pressure differences were measured with a cathetometer and could
be obtained to 0.1 mm. The vacuum system consisted of a high-vacuunm
pump equipped with a drying tower and a cold trap tb condense the

vapors from the evaporation of the volatile component.

Chemicals

Picric acid = Reagent grade acid was dissolved in benzene and the
water removed by azeotropic distillation. The air-dried crystals
melted at 121.6 - 122°C,

Benzene - Reagent grade was dried over calcium hydride and passed
through an alumina column. It was then distilled, the first and final
10% cuts being rejected.

n-Propyl alcohol - Reagent grade was distilled after drying.

An 80% heart cut was taken and shown to be 9905% pure by GLPC analysis.

Ethylbenzene - Ag for benzene.

Styrene - Reagent grade passed through alumina to remove inhibitor
and impurities.

Xylene - As for benzene.

Cyclohexane = Ag for benzene.

Ethyl alcohol - Absolute, asg for n-propyl alcohol.

Acrylonitrile - Eastman, used without further purification.



General Procedure

Two to three grams of picric acid are weighed into the sample cell
and a considerable excesg of the volatile component is added. The
mixture is heated until complete golution of the picric acid is ob-
tained and the contents of the cell are agitated slightly during cool-
ing to prevent formation of a solid cake of crystals. In most cases
glass wool was placed in the flask to obtain more finely divided
crystals and to eliminate pocketg of the volatile component.

Water or some other suitable reference liquid is placed in the
opposite cell and both flasks are atbached to the manometer, which
hag been previcusly filled with clean, dry mercury. Each cell is then
connected to the vacuum by manipulation of the stopcocks and approxi-
mately one~third of the liquid is evaporated. The manometer is then
alternately evacuated and connected to the cells to complete the
removal of air from the system. A constant pressure for the saturated
solution will be obtained when the air has been excluded and the system
is at equilibrium. If the pregsgure is greater on the reference-cell
side, the pressure in the test cell is equal to the vapor pressure of
the reference liquid minus the difference between the twe level read-
ings. Conversely, the difference is added to the reference value if
the pressure is greater on the tegt side.

The reference vapor presgsure of water is readily obtained from
tables (12) for any temperature. If benzene is used, its vapor pres-
sure can be calculated for the temperature of the measurement. (See
Table 1.)

The excesgs volatile component iz then evaporated until the complex

is near dryness. Evacuations are made in incrementg at this point and



readings are taken after each increment. If a complex exists, the
pressure will resch a constant value corresponding to the dissociation
pregsure for the complsx. If one wighes to determine the molecular
ratio for the complex, the cell ig capped and weighed to obtain the
weight of the volatile component in the complex. Other dissoclation
constants for the complex are obtained by measuring the dissociation
pressures at three degree intervals over a fifteen to twenty degree
temperature range.

The procedure for using the absolute manometer apparatus is
identical to the differential method except that the pressure is
obtained directly from the differences in the mercury levels in the
closed-end manometer. Equilibrium conditions were established more
rapidly in this system and the smaller number of stopcocks made the
leakage problem less severe. The differential system ig congldered to
be the more exact, however, since the ciosed-end manometer is easily
contaminated.

Infrared spectra were obtained on the solid complexes by the
muil method. The freshly prepared molst crystals were mixed with
Nujel and ground to a finely dispersed gtate with a mortar and pestle.
The resgulting paste was applied to the salt plates and the spectra
obtained immediately. OSpectra for several of the picrates were ob-
tained by the smear technique in which a drop of the saturated solu~
tion wag placed between the plateg without Nujol. The picric acid
bands appeared much sharper with this method than thoge obsgerved by
mulling the crystalline material.

Solubility determinations, when required, were made by titrating

a welghed amount of saturated solution with 0.1 N sodium hydroxide to



the phenolphthalein endpeint.

Results of Pressure Meagurements

The following tables and graphs represent the data obtained with
the absolute and differential manometer systems. The heats of dis=-
sociation are calculated from the slopes of the lines as discussed in
the theoretical section, and the lines corresponding to the vapor
pressures of the pure volatile components are constructed from litera-
ture values.

Several experiments were performed in which the vapor pressure
of a saturated solution was determined over a given temperature range.
These runs were éarried out in exactly the same manner as the dig-
sociation runs except that the complex still contained, or was dism.
solved in, a visible excess of the volatile component.

Figureg 3 and 7 illustrate the incremental pump-down technique
used in searching for a constant pressure level proving the presence
of a molecular complex.

The empirical equation expressing the pressure as a function of

temperature for the various complexes is

log P

ot A/T o+ B

where A is the slope of the line and B is a constant.



TABLE 1

Vapor Pregsures for Benzene

T°,K 1/T x 103 Poty * 108 Pyim
290.6 3.hh1 0.0874 ~=1.0585
298.0 3.356 0.1234 ~0.9087
303.3 3.297 0.1570 -0.8041
307.6 3.251 0.1900 -0.7213
313.1 3.194 0.2411 -0.6178
318.0 3.145 0.2949 -0.5303
322.9 3.097 0.3553 ‘ -0.449k

* Calculated from the following equation (13):

log Pin = (0.05223/T)(A) + B

where A = 34,172 and B = 7.9622 for O to 42°C
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TABLE 2

Vapor Pregsureg for the Benzene-Picric Acid System

°,K 1/T x 103 B Potm 108 Pyim
303, 4* 3.296 11h.7 0.1509 ~0.8213
309. 3% 3.233 146.1 0.1923 -0, 7160
312, 4* 3.201 166.8 0.2195 =0.6586
313.1% 3.194 174.3 0.2293 -0.6396
320.1% 3.124 230.0 0.3021 -0.5198
320.1 3,124 147.0 0.1934 -0.7135
320.1 3.124 67.5 0.0888 =0,9112

* Saturated solution; the data was obtained with the dif-
ferential manometer using water as the reference liquid.
(See Figures 3 and 4.)

18



TABLE 3

Dissociation Pressures of Benzene Picrate¥

T°,K ~1/T x 103 Pty log Py
294, 2 3.399 0.0739 -1.1311
295.2 3.387 0.0779 -1.1085
296.5 3.373 0.0829 -1.0815
297.5 3.361 0.0879 -1.0560
298.1 3.354 0.0913 =1,0390
299.1 3.343 0.0986 -1.0060
300.1 3.332 0.1051 -0.9788
301.2 3. 520 0.1124 -0.,9492
302.1 3.310 0.1192 -0.9237
304.9 3.280 0.1345 -0.8713
306.3 3.265 0.1545 -0.8111
307.2 3.255 0.1624 -0.7894
308.1 3.2L45 0.1721 «0. 7642
309.1 3.235 ' 0.1821 ~-0.7397
310.2 3.224 0.1913 -0.7183

* Absolute manometer apparatus used on this run. Six ad-
ditional runs were made using both the absolute and d4if-
ferential systems. The dissociation pressures obtained
in each experiment agreed very well with those tabulated
above. (See Figure L.)

log P 6.93 - 2310/

atm :

AH dissociation = 10.97 Kcal/mole



TABLE L

Vapor Pregsures for Benzene-~Picric Acid System¥

T°,K 1/T x 107 Potm
296.,7 3.370 0.1129
299.7 3.337 0.1280
301.7 . 3.315 0.1408
305.7 3.271 0.1664
309.7 3.229 0.1967
311.7 3.208 0.2137

log Patm

-0.9473
-0.8928
-0.851L
=0.7789
=0, 7062
-0,6702

¥ Excess benzene was present for the entire determination.
The data was obtained with the differential tensimeter

using benzene as the reference liquid.

(See Figure k.)

20
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TABLE 5

Vapor Pressures of Ethylbenzene Picrate (13)

T°,X 1/T x 103 Potm 1log Patm
307.5 3.252 0.0211 | ~1.6768
313.4 3.191 0.0287 -1.5424
316.3 3.162 0.0336 =1.4743
319.4 3,131 0.0387 =1.4125
* Calculated from leg By = 6.95366 - 1421.9/(t + 212.9)

(see Figure 5.)

TABLE 6

Digsociation Pressures of Ethylbenzene Picrate

(Weighings showed the complex to be 1:1)

T°,K 1/T x 107 Patm - log Patpm

313.4 3.191 0.0211 -1.6768

316.3 3.162 0.027h4 =1.5629

319.4 3.131 0.0343 =1.4642
log Pyyyy = 9467 = 3227/T

AH = 16.27 Keal/mole
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T°,K

308.1
313.1
318.1

2b

TABLE 7

Vapor Pressurss of Styrene (13)

1/T x 103 Pgtm® 1og Patm
3.246 000149 -1.8268
3,194 0.0195 =1,7100
3. 144 0.0252 -1.5986

¥ Calculated from log Ppp= 7.2788 - 1649.2/(t + 230)

(See Figure 6.)

T°,K

[E—,

309, 2%%
312,8%%
317, 1%*

309.3
312.6
316.8
318.5

TABLE 8

Digsociation Pressures of Styrene Picrate

(Weighings showed the complex to be 1:1)

1/T x 10° Pyt 1og Pty
3.234 0.0134 -1.8729
3.197 0.0163 -1.7878
3.154 0.0199 -1,7012
3.233 0.0113 -1.9469
3.199 0.0129 -1.8894
3.157 0.0136 -1.8664
3.140 0.0146 ~1.8357

¥% This run was on the saturated solution.

log Paty = L1.79 - M3/t

A H dissociation = 5.28 Kcal/mole
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TABLE 9

Pressure Data for n-Propyl Alcohol-Picric
Acid System vs. Evacuations

Region A. Iarge increments of alcohol were removed for
each evacuation « « « o o » o o » o 12,4 mm

12.4

12.1

12.3

12.3

Region B. Five increment evacuations in this region,
complex gpproaching the dry state . 11.7
11,5
11.3
11.6

Region C. One increment evacuation from this point
onward. o o o o o o o o o o o o o o 10.5

8.8

The complex was weighed at this point and all of the
alcohol was exhausted from the system. (25°C.)
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TABLE 10

Vepor Pressure of n-Propyl Alcohol (13)

T°,K 1/T x 103 Potm log Patm
283.1 3.531 0.0096 =2,020
293.1 3.411 ~ 0,0191 -1.719
303.1 3.299 0.0363 ~1.440
313.1 3.194 0.0661 ~1.180
(see Figures 7 and 8)

TABLE 11

Dissociation Pressures of "Picrate” (Smith)

7, K 1/T x 107 K, log K,

291.8% 3.461 0.0133 =1.8762
292, 3%% 3.241 0.0162 =1.7905
298.1 3.355 0.0270 - =1.5691
303.1 . 3.299 0.0380 -1.4199
306.1 3.267 0.0457 -1.3405
309.6 '3.230 0.0559 -1.2524
313.1 3.194 0.0695 ~1.1582
316.1 3.164 0.0846 ~1.0726

580 /.
1og Py, = 7-533 ~ 22°0/T
AT dissociation = 11.8 Kcal/mole

¥ This work Run I
*%¥ This work Run IT
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TABLE 12

Vapor Pressures of Allyl Alcohol (13)

T°,K 1/T x 107 Patm

283,7 3.525 0.0132

306.6 3,261 0.0526

323.2 3.09L 0,1320
TARLE 13

Dissociation Pressures of Allyl Alcohol Picrate

10g Pgtm

=1,
-1,
=0,

879
279
879

3

T°,K 1/T x 10 K,
303.1 3.299 0.0375
306.1 ' 3,267 0.0459
309.6 3.230 0.0582
313.1 3.194 0.0725
316.1 3,164 0.0887
319.1 3,134 0.10k3
303.2 3.298 0.04816
306.6 3.261 0.05842
308.1 3.243 0.06001
313.2 3.192 0.07697

log K
& %

=1

=1
=1,
=1,
=1,
=0.

.
=1
=1

=1
=1,

1260

3381
235k

1397

0522

1816

. 3164
.2330L
.2218

11k2

30

(Smith)

(Harper)

Smith had obtained a value of 12.5 Kpal/mole_for the heat of

Their results,
however, appear to be based on vapor pressures for allyl alcohol
rather than on dissociation pressures of a picrate.

dissociation and Harper reported 8.28 Keal/mole.

9.)

(See Figure .
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TARLE 1k

Vapor Pressures of Acrylonitrile (13)

T°,K 1/T x 103 Patm 10g Patp
28L,1 3.519 0.0789 -1.1029
295.9 3.378 0.1316 ~0,8807
311.8 3.207

v

00,2632 =0.5797

(See Figure 10.)

TABLE 15

Digsociation Pressures of Acrylonitrile Picrate

°,K 1/T x 103 | Pyt log Kp

303.2 3.298 0.0LT76 -1.3221 (Harper)
308.1 3.243 0.0617 -1.2096

313.2 3.192 0.0793 -1.1006

318.2 3.1k1 0,1013 -0.994k

303.1 3.299 0.1k2k -0.8465 (Smith)
306.1 3.267 0.1617 =0.7913

309.6 3.230 0.1875 =0.7270

313.1 3.194 0.2146 -0.668L4

316.1 3.164 - 0.2417 -0.6167

319.1 3.134 0.2709 -0.5672

u

(Harper) log P = 5.36 - 29030/7 A H = 9.29 Keal/mole

(Smith) log P = L.667 - .166O/T,ZSH dissociation = 7.65 Kcal/mole

It

An incremental pump down conducted on the acrylonitrile-picric
acid system indicated that Smith's data was obtained with an
excess of acrylonitrile present. A constant pressure level

was obtained corresponding to Harper's data for the 2:1 complex.
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The following figures illustrate the data for the vapor pressures
(13) of propionitrile, acetonitrile, methyl acrylate, and vinyl acetate.
The dissociation pressures (27) obtained are reported to be for 1:1
complexes 1in each case. Experimental data obtained in this work
indicate that if a slight excess of vclatile component is present,
the slopes of the vapor pressure and dissociation pressure lineé.will
be equal. Additional increments of evacuation are needed té reach
the pressure level corresponding to the exact molecular ratio of the
éomplexo The slope of the line corresponding to the true complex is
usually different than thet of the vapor pressure of the pure solvent,

as 1lllustrated in the benzene and styrene experiments.
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DISCUSSION CF RESULTS

The benzene-picric acid system was carefully investigated to
determine the religbility of the dissoclation pressure meagurements.
Seven experiments were conducted on this system using both the absclute
and the differential apparatus.

Earlier investigations pointed out an apparent change in slope for
the line obtained from the dissociation pressure-temperature plot.

A good deal of effort was made to define this line, and it was veri-
fied that the slope does change at approximately 30°C. The earlier
work offered the speculation that the complex changed form in some
way at this temperature. It has now been shown that the slope above
30°C is identical to that of the saturated solution, and if one
attempts to prepare the 1:1 complex, or indeed any complex, above
30°C,'the only constant pressure observed is that of the saturated
solution. This indicates the pregence of a gingle form of benzene
picrate from 20° to 30°C., above which the complex breaks down into
a saturated soluticn of picric acid in benzene, mixed with solid
picric acid. Indicationg of the same phenomenon were observed by
Dermer (6), who observed a change of slope in the plot of log (solu-
bility of picric acid in benzens) vs. l/T in the neighborhocd of 27°C.

The ethylbenzene and styrene complexes have been made before (2a)
but not studied systematically. A comparison of thermodynamic constants

found for the complexes of the three aromatic hydrocarhons investigated

39
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is of interest. The fundamental measure of stability ig A F°, which

as already noted is directly proportional to Xp, the dissociation pres-
sure. Unfortunately, measurements could not conveniently be made

below 30°C.for ethylbenzene and styrene, whereas above that temperature,
as already noted, the benzene complex does not exist. Nevertheless, 1t
1s pogsible to extrapclate the plot of log P vs. l/T for benzene picrate
to 316.5° and so derive a hypothetical K@ of 0.27 for that temperaturea
At the same temperature the Ky value for ethylbenzene picrate is 0.027,
and thaﬂ for styrene picrate 000130 Thege are in Just the order that
would be expected from th-. literature records (e.g., (1)) of the potency
of the hydrocarbons as Lewis bases.

It will be noted that the heats of dissociation for the complexes
are not in the same order: benzene picrate, 10097 Kcal/mole; ethyl-
benzene plcrate, 16.27; styrene picrate, 5.28. This presumably means
that the entropy change, A S, is not about the same for all three dis-
sociations.

The n-propyl alcohol-picric acld system showed only one constant
pressure level on evacuation, and that nearly identical to the vapor
pressure of the pure alcohol. Smith (27) claimed that a complex was
formed with n-propyl aicohcl but not with isopropyl alcohol. This
difference is surprising and under suséicion, gince the solubility of
picric acid at é5°Co is greater in isopropyl alechel (8.7 g/100g) than
in n-propyl alcohol (3.7 g/100g) {25). The present work shows that
no stable golid complex of propyl aicohol exists at,rdom4temperatureso

For allyl alcohol, both Harper (10) and Smith (27) reported a 1:1
complex to exiéta Ingpection of their data and comparison with the

vapor pressures of the pure alechol indicates that both workers were



measuring the vapor pressure of the saturated solution rather than that
of alcchol from the complex. Since the observed pressure is so near
that of the alcohol itself, it is considered very unlikely that a solid
complex exists.

The acrylonitrile-picric acid system was found by both Smith (27)
and Harper (10) to yield a 2:1 complex. Their values for digsociation
pressures disagreed éonsiderably, however, and limited restudy of this
system now shows that Smith's values are those for the saturated solu-
tion. Evacuations beyond this pressure yleld a dissociation pressure
in agreement with that of Harper.

Smith also found 1:1 complexes of plcric acid with acetonitrile
and propionitrile. Once more it is apparent that his data for these
"compounds" came from saturated solutions and not solid complexes.

It is extremely unlikely, for example, that the heat of dissociation
of the complex should be exactly the same as the heat of vaporization
of the solvent; but this is what the parallel lines of Figures 11 and
12 show. Several experiments (see Figures L4, 6, 8, 9, and 10) demon-
strate that i1f an excess of the volatile component is present, the
heat of "dissociation™ calculated from the slope of the log P vs.

l/T line will be substantially equal to the heat of vaporization of
the volatile component.. The deviation from the line for the pure
solvent must depend on two things: the solubiliity of picric acid in
~the liquid at the temperature involved, and the boiling point eleva-
tién constant for that liquid.

The vinyl acetate and methyl acrylate experiments carried out by
Smith (see Figures 13 and lhj gave results very similar to those of

present runs in which a slight excess of the solvent was known to be



present. This indicates that the reported dissociation values are in
error but, as for acetonitrile and propionitrile also, does not prove
the absence of a molecular complex.,

Picrates of benzene, ethylbenzene, styrene, and xylene were
prepared and the infrared spectra obtained by the mull technique. An
attempt was made to determine complex Tormation by this method, but
no observable shift was found. The instrument (Perkin-Elmer #221) has
a resolﬁtion of approximately 1 em=l in the region of interest and

this indicates that the shift was either less than 1 cm"l

or the com-
plex decomposes in the process of preparing the mull. This technique
does apply to so0lid complexes and may be of great'value in future
work. Information obtained by this’method is qualitative in nature;
whereas, the dissociation pressure approach provides data on solid
state stabilities and molecular ratios.

solubility date were obtained for picric acid in styrene and
ethylbenzene at 25°C. The value obtained for picric acid in styrene
(12.8 g. PA/100g) is slightly greater than that in benzene (12.7) and
correspondingly lower than the liferature value (25) for toluene
(13.2). Ethylbenzene contained 5.8 g. of PA/100g at 25°C.

A variation of coclor intensity was noted and may have some bear=v
ing on the tendency for complex formation as discusgsed eariier. Thesge
observations were as followsa styrene) xylene® toluene? benzene

ethylbenzene ) cyclohexane,



SUMMARY

The differentlal tensimeter was used to investigate molecular
addition complexes formed between picric acid and a number of donor
compounds. Molecular ratios and heats of dissoclation were determined
for benzene, ethylbenzene, ana styrene picrates. Thermodynamic sta-
bilities of ethylbenzene =znd styrene picrate were compared with that
of the benzene picrate.

A careful examination of the benzene-picric acid system demon-
strated the reliability of the pressure meagurements and the pump-
down technique used to lsolate the molecular complex. The complex
with benzene is unstable above 30°C and the data reported by earlier
workers corresponds to saturated solution pressures rather than dis-
soclation pressures for the complex.

Data from earlier theses for complexes of picric acid and some
aliphatic alcohols and nitriles were compared with the known vapar
pressures of the pure solvénts. It appears that the earlier measured
"dissociation" pressures were in fact vapor pressures of solutions,
not solid complexes.

This technigque is of great value in the determination of molec-
ular ratios and dissociation constants for the solid complex. One
must be especially careful, however, toc remove the volatlle com-
ponent in excess of that regquired in the molecular ratio before at-

tempting to measure the dlssociation pressures of the complex.

b3
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