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PART I

TRODUCTIO

It hes been known for & long period of time that

two ted or nic compound are cap ble of uniting

to form a molecular or z dition compound. This being
true, idea of the present velence theory must be
modified, Of the newer theories adv nc 4 by numercus
investigators none entirely & the problem.
It remains for some one to present theory which
explain the linkage of all ddition compounds. 1ith
this as an ultim te aim, a series of investigstions
is being conducted in this laboratory in an endeavor
to glve accurate inform tion cone the forma-
tion of addition compound . The first inv stigation of
thi n ture, which was conducted by Alie Heap, fol-
low 4 by th ¢t of Perris U, r, J. C. wery, . H,
Alan Hisey, and Jesse F. o0o0d. 'en this series
of researches tion compounds is completed, it is
hoped thet more sccurate on the subject will
be aveilable and this would le d to & better undergtand-

ing of formation of these compounds.



Nitro eompounds as well as amines, hydrocarbons,
and phenols of the asromatie series are capable of
forming molecular orgunic pounds,. Host notable and
numerous of these are the plerates, which are used
widely as derivatives for the identification of organic
compounds. Lowery conducted an investigation on molecu-
lar . ___unds of picric acid; Hisey, on 2,4-dinitro-

chlorobenzene; and Wood, on 2,4-dinitrobromobenzene,.

In J— an Investigation of this kind, a
thorough search of the literature muist be made. This
should be followed by the preparation, analyses, and
determination of the physical properties of & number
of the molecular compounds. This form of e

w on the valence relations and con-

sequently aid in explaining the linkage of the compeunds,

The " -~@ data in the field of molecular com-
pounds are inaeccurate and incomplete. These compounds
being unstable csuse irregularitlies to occur in the

as to the correct melting points of the ad-
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dition compounds. For instance, in the case of the
molecular compound of diphenylemine and picryl
chloride one investigator gave the melting point as
65-66°, another as 63-64°, and still another as 62°,
This case indicates that the melting points should

be determined with a calibrated thermometer and stem
corrections should be made., Therefore, it becomes nec-
essary to carefully check the melting points of a num-

ber of the ec - compounds found in the literature.

It is also found thet in many cases the molecular
ratios are not given. To make the physical data per-
taining to the compound as complete as possible it
becomes necessary to analyze carefully the compounds
prepared in order to determine the exact ratios in which
the components combine to form the molecular cowmpounds,
One investigetor announced that one molecule of
carbazole forms a molecular compound with picryl chloride,
the melting point being 60-65°. Another investigator
reported trat a molecular compound is formed with
carbazole and picryl chloride; the melting point was
given as 155°, Since the ratio was not stated in the
latter case the information from the literature leaves

much to be desiraed,



The purpose of this investigation on molecular

compounds of pilecryl chloride may be stated as follows:

1.

Ze

To collect from the literature all of the
moleculer compounds of pleryl chloride which
have been prepared and record the melting
points and molecular ratios of these com-
pounds.

To prepare some of the sddition compounds of
picryl chloride which have been found in the
literature and attempt the preparation of

other moleculsr compounds of pleryl chloride

with the more common orgenic compounds.

To determine the melting points of the addition
compounds and check the irregularities that ap=-

pear in the literature.

By ecareful analyses to determine the ratios
in which the components combine to form the

molecular compounds,



5.

To determine if the molecular compound is
the first step in the formation of & sub-
stitution compound.

To investigate the theorles that have been
advanced relative to the formation of mole-~
culayr compounds, and to modify these theories
so as to give a possible explanation of the
linkage of molecular compounds of pieryl
chloride,



PART I

HISTORICAL

I. ADDITION COMPOUNDS OF PICRYL CHLORIDE

A large mumber of moleculsr compounds of pieryl
chloride were found in the literature. The first rec-
orded ones were prepared by Liebermann and ralml, in
13875, using (1) naphthalene, (2) phenanthrene, (3)
stilbene or symmetrical diphenyl ethylene and (4)
flucorene. The above four components were heated in
concentrated alcoholic solution with pieryl chloride
and the addition com-ounds crystailized out in large
needles. These compounds conslisted of one molecule
of the second component and one molecule of pieryl
chloride. The molecular ratio was.lzl. Naphthalene

picryl chloride, Cj Hg.CgHp(NOg)zCl, formed long plate,

canary yellow needles which melted at 95-96°C. Vilet®,

in 1924, prepared the same addition compound with
naphthalene and pieryl chloride but he gave its melt-~
ing point as 949, The phenanthrene picryl chloride,

1 Li¢hevmann and Palm, Ber. 8, 378 (1875).

5 Vilet, Ree. trav, chim, 43, 606-35 (1924).
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C14H10+CgHo(NGdzC1l, crystallized in lemon yellow
needles which melted at 88°, Stilbene pieryl chloride,
C14M10.CgHo (NOg )3Cl, formed dark yellow needles which
melted at 70-71°, Fluorene picryl chloride, C3zH1QeC -
Hy (NOg )5Cl, consisted of orange needles melted at
69-700,

ertenss, in 1878, reported an addition compound
of pieryl chloride and benzene., It formed yellow needle

hich were very unstable. No melting point was given,
Hertz%, in 1890, prepared the molecular compound

allowed one molecule of the ine to resct with wo
olecules of the chloride in a 50% solution of alcohol.
addition compound was described as being deep-red
needles and melting et 65-66°. edekind®, in
announced the formation of the same addition compound
of diphenylamine two molecules of picryl chloride.
He stated that the molecular compound ‘as probably the
first stage of the reaction, the complection of w
is hindered by "stereochemical" caus . The melting point
as given as 63-64°., The compound was said to be slightly
soluble in alcohol. Hantz®, in 1910, reported the compound
again. FHe gave the melting point as 620 and added

884 (1887).
Hertz, Ber. 23, 2540 (1890).
Wedekind, BeT. 33, 426-436 (1900).
Hantz, Ber. 43,7 1662 (1910).

o b



that when it was treated with chloroform and petroleum

ether 1t resolved into its constituents.

Wedekind”?, im 190C, neot only formed an addition
compound of pieryl chloride and diphenylamine but he
obtalned as well an addition compound of carbazole and
two molecules of pieryl chloride, (14HjsN.2CgHz(N02)sCl,
The compound formed yellowlsh red needles which melited
at 160-165°, and decomposed at 180°. The compound, as
was stated in the cuse of diphenylamine picryl ehloride,

did not form a gubstitution product, probably due to

"gstercchemical' canses. One molecule of the carbazole

and picryl chloride formed an addition compound accord-
ing to the statement of Ciusa and Vecchiotti®, by boil~
ing the components in alcohelic solution., The addition
compound, CjoHgH.CgHpa(NOg)zCl, formed dark red needles
which softened at 140° and melted at 155°.

According to Lemoult® pieryl chloride combined
with tertiary bases of the diphenylamine series to
form colored addition compounds, He prepared the ad-
dition compound of pieryl chloride and tetramethyldiaminodi-
phenylmethane which erystallized in dark black needles snd

7 Wedekind, Ber. oo, 434 (1800,.

g Ciusa and Vecchiotti, Atti. R. Accad. Lincei. (V),
21, 1i, 1661-166 (1912).

Lemoult, Compt. rend. 135, 346-348 (1%02).



melted at 71°.

wedekindlU, in 1902, isolated an addition compound
of pyridine and pieryl chloride, containing one molecule
of each, from benzene solutions of the two components,
Wedekind's compound had a melting point.of 138~ but
the product hydrolyzed to form pyridine plecrate and
hydrochloric acid. The formation of the compound was a
very slow proces-. Hodgesll, in 1926, msde a comprehen-
sive atudy of the reaction, He stated that pieryl echloride
reacts very slowly with anhydrous pyridine even at 70°
but the speed increases with pyridine which has been
specially dried, It was anticipated that alcohol would
accelerate the reaction. 7Jhe alceoholie solution depus-
ited brown crystels which melted at 2200, and concentra-
tion of the rema ning solution yielded pyridine picrate.
This indicated that Wedekind's. reaction was an inter-
mediate one. In summarizing, Hodges stated that the
reaction between pieryl chloride and pyridine in aleo-~
holic solution is bimolecular and results in the &€l ow
formaition of an ionized addition compound, pieryl

pyridinium chloride. The quantity of this compound

10 Wedekind, Ann. olu, 257 (1902),
17 Hodges, J. Chem Soc. 2417 (1926)4




depends on the concentration of the reactants

and on the -

Sudborough and Pletonl?, in 1906, reported that

trinitrobenzene and trinitro derivatives

formed addition « With &~ and Pp-naphthylamines
and other arylamines, : ! and
tertiary bases. Certain of « addition can

‘e alkylated, acetylated and benzoylated, and all can be
resolved by mineral ascids into their componenta. He pre-
pared the sddition compound of pieryl and
A=-naphthylamine, It erystallized “= alecohol in long
brown needles which melted at 110-111.5° and was :
uas table, & losing : chloride and

. He was not able to prepare the

addition - of pieryl chloride and B-

the product obtained in each was pleryl-pf-
These also reported

plcryl chloride and : e yielded an

addition compound, CjgR7NH C2Hs. (¥02 )5C1l, when the
two components are separately dissolved in ether, the
solutions mixed, and a small of alcohol added.

The product crystallized in slender, silky, brown needles

12 Sudborough and Picton, J. Chem. Soc. 89, 583 (1906).
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melting at 869, end 1s readily soluble in cold ether
or benzene but only sparingly so in c¢old alcohol. It

is far more steble than the addition compound of
penaphthylamine and pieryl chloride., Sudborough and
Picton stated that pieryl chloride end diethyl-jf-
naphthylamine formed en addition compound,
Crofel (Collg )g «OgHa (H0g )3€1, which erystellized from
worm aleohol in dark purple needles and melted at 779,
It dissolved readily in cold benzene ylelding a reddish-
purple solution but the color disappeared when the so-
luation is diluted, Agein, they mentioned that a similar
addition compound, OyoWyH(CHz)g.0gHg(N0z)s01, is
obtained when dimethyl«d.naphthylanine is used as tie
second component, This molecular compound erystalliszed
in slender, red noedles and melted et 42°,

Bruni and hmrt“. in 1906, reported, as is shown
below, e number of molecular compounds of pieryl chloride
with aromatic hydrocarbons.

(1) Diphenyl pleryl chloride, molecular ratio 1l:l.
(2) Diphenylmethane picryl chloride, |
(3) Triphenylmethane pleryl chloride, two compounds,

13 pruni and Perrari, Chems Ztge 30, 568-89 (1906).
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the ratios being 1:1 and 1:3.

{4) Diphenylethane picryl chloride, ratio 1:2.

(5) Stilbene pilcryl chloridel®

» two compounds,
the molecular ratios being 1:1 and 1:2,

{6) Diphenyl acetylene picryl chloride, two com=~
pounds, the molecular ratios being 1:1 and 1:2,
" (7) Azobenzene pieryl chloride, molecular retio 132,
The melting point and color of the erystals were not given

in any of these ca&ses.

Ciuss and Agostinellil®, in 1507, prepared a number
of addition produets of trinitrobenzene derivatives with
certain aromatic nitrogen compounds. In this work they
described several compounds formed from picryl cechloride
and the phenyl hydrazones of aromatic aldehydes. These
compounds are sparingly soluble in ordinary solvents and
exhiblt gradations in color and solubility dependent on
the different radicals present in the benzene nuclei of
the original aldehydes. The radicals also infivence the
stability of the addition products. The phenylhydrazones

14 The adaition compounds of stilbene were first reported
by Liebermann and Palm, & discussion of which has been
previously given,

15 Ciusa &nd Agostinelli, Attli, R. Accad. Lincei,

(')’ 16, 5., 409"'412 (190’?);
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exhlbit behavior analogous to that of the secondary
emiines, The addition - of picryl chloride
and the phenylhydrazones are briefly summarigeds; (1)
iphenylhydrazone gave the compound,

e 31502)501, which orystallized from alco-
hol in dark maroon, shining needles having & melting
point of 80-91°. (2) . B e
gave the compound, 01331212.203H2(ﬂ92)30? #l crys=
tallized from | 1 in almost blaek, shining needles,
The melting point was 123°, The compound is very slightly
solulle in cold water. (3) Anisaldehydephenylhydrazone .
gave the compound, o 7 s which crys-
tallized in shining, black, flattened needles having a
melt ing point of 920, (4) m~Nitrobengaldehydephenylhy-
‘drazone ylelded the domp C13H1109N3 . 2C6H2(N02) #61 ,
which formed shining, brick-red needles a melting
point of 105°, (5) Cinnamal o rirazone yielded
the - 012H143252C6H2(R02)501, which senarated
into minute, brick-red needles. The melting point first
given as 112-113° was later corrected to 219 It is
sparingly soluble in alcohol, (6) «~liethylindole gave the
compound CgHglN,.2CgH,(¥05) zC1, which erystallized from al-
cchol in long, dark-red needles = _ a melting point of
115-116°9, (7) p-Methylindole gave the
CgHgla2CgHy (0g) 5C1, whieh formed long, dark-red needles.



The melting point was originally given as 112-113° but
later it was changed to 120°, Later, in 1912, Ciusa and
Vechiott1l® stated that pieryl chloride derivatives of the
o andf-methylindoles had only one molecule of the chloride

instead of two.

Ciusa and Padoalv, in 1909, reported that m-nitro-
benzaldehydephenylnethylhydrazone, which owmurs in two
modifications, formed with pieryl chloride an addition
compound which undergoes a considerable amount of dis-
soclation even in concentrated alcoholic solution, giving
the red hydrazone. The melting point was not given.

Buseh and Kogella

s In 1910, described an addition
compound of methyl«-naphthylamine and picryl chloride.
They stated that when the two components are boiled in
alcoholic solution for a short time, methyla-naphthyl-
amine picryl chloride is formed, C3gHyNHCNgz.CgHg(N0g)zCl.
The compound had long, darkered, silky-lustrous, inter-

laced needles which melted at 94°.

Boerislg, in 1911, in the ecrystallogrephy of some

16 Clusa and Vecchlottl, Attl. R. Accad. Lincei, (V),
21, 11, 161-186 (1912).

Tlusa and Padoa, Atti. R. Accad., Lincei. (V), 18,

11, 621-626 (1909). oy

Busch and Kogel, Ber. gé, 1549-64 (19810).

Boeris, Zeitsch, Kryst. Min. 49, 72-73 (1911).

17

18
19
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orgenic addition compounds stated that isoapiole and
picryl chloride formed the molecular compound,

Cas . N from alcohol or ether solution.
This addition 2;nhu fermed dark, garnet-red, tri-
clinic crystals, melting at 55-56°,

Ciluse and Vecchiottizo, in 1911, prepared a number
of addition compounds of pieryl chloride. (1) Benz-
aldehyde-p-nitrophenylhydrazone ° a compound
CgHgCH:N . NH 06H4ﬁ02.2 Csﬂé(ﬂoz)SCl, which crystallized
in red carmine needlea. The melting point was given as
132°, (2) The compound benzaldehydephenylmethylhye
drazone formed | - which
erystallized in dark red needles; the melting point was
65°, (3) The compound m-nitrobenzaldehydephenylhydrazone
formed NO2CgH4CH:N.NE CgHg.CgHa(02)301, which had dark-
red needles and melted at 98°., (4) The compound piperon-
aldehydephenylmethylhydrazone formed a complex addition
produet, CHg:0:0gHzCH.N:CHgCgHg.CgHa(N02)3C1l, which erys-
tallized in black needles with a violet luster, and had =
melting point of 115°. They also stated that an addition
compound of a very unstable nature was obtained with

m-nitrobenzaldehydemethylhydrazone, The melting point

was not given,

~Clusa and Vecchiottl, Atti. R. Accad. Lincei (V),
20, 11, 377-383 (1911).




Other addition compounds were obtained by Clusa
and Vecchiotti®l in 1911, The stated that 2,3-
dimethylindole formed with plecryl chloride an sddi-
tion ecompound, cloﬁlln.ceﬂgtnozlscl, which hed dark
red needles and melted at 140°, Tetrahydrocarbazole
and pieryl 121 formed olate brown needles
which melted at 121°, The addition compound with
carbazole has already been mentioned, The last ad-
dition compound reported of - investigation was
pheniyl indole and pleryl chloride, Cj4liyjl.Cally(li0z)zC1.
he compound eonsisted of carmine red needles and melted
at 118°, fThey formed the above camp by the inter-
action of the components either alome or in boiling

alcoholice selution.

Von Walther and Roch®%, in 1923, formed a very
complex addltion compound of pleryl and
4-phenyle2-p=tolylaminothiazole., The compound,
CygHy 4 N80l (N05) 561, consisted of red erystals
and melted at 90°. It decomposed by alkalies into

its components.

Lesser@®®, in 1914, in his work on methylnaphthalene

21 Ciusa and Vecechiotti, loc cit.
2o Von Walther and Roch, J. prakt. chem. 87, 27-66 (1913).
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found that pieryl chloride and a derivative of
d~methylnaphthalene, 4=-chloro-l-amino-2-methyl-
napthalene, formed an adé;tian compound . whieh con-

- of brown-red needles und melted at 119°, An
eddition compound was also formed with l-amino-2-
methylnaphthalene and plieryl chloride., The com-
pound consisted of dark, red needles which
melted at 129-130°, Another addition product of

. aniline and pieryl chloride was - This
compound, Cghyi«CaHg(N0g)sCl, consisted of red needles
end melted at 680, The compound was very unstable and
upon standing in molst air it gave the yellow substi-
tution product whieh melted at 212°,

Efr in 1918, constructed binary fusion

diagrams for mixtures of pieryl chloride snd various

hydrocarbons and pieric seid. b |
formed in each case with the former, while = the
latter a solid solution was observed., The oW

compounds were obtaineds (1) anthracene picryl chloride,
brown red necdles, melting at 141.69; (2) secenuphthene
picryl chloride of orange crystals melting at 113.29;

(3) acenaphthy.ene picryl chloride, orange colored crys-

o4 Tiremov, J. Russ. Phys. Chem, Soc. 50, 421-440 (1918).
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tals, melting at 109,4%; (4) retene piecryl ehloride,
yellow brown crystals, melting at 5%,5°, He also pre-
pared nephthdlens pieryl chloride, phenanihrene picryl
chloride, and fluorene picryl chloride giving their
melting points as 91.29, 82,49, and 64.6° respective-
ly. These last three compounds were isoclated by Lieber-

mann and Palm in 187525,

Efremov and Tikhomirovaz6, in 1928, possibly
formed a moleculir compound of pieryl chloride and
tetryl, & hydrocarbon. The melting point was given
as 81.2°, They also prepared a possible molecular
compound of picryl chioride and trinitro-m-xylense,

The melting point was not given.

25 Liebermann and Palm, loe, cit.
¢ Efremov and Tikhomirovs, Ann, Inst. Anal Phys.
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II. SUBSTITUTION COMPOUNDS OF PICRYL CHLORIDE.

In examining the literature a very large number
of substitution compounds of picryl chloride were found
recorded. It is the opinion of many investipgators,
notably Kekule2?, that eddition compounds semgtltate
the first step in the formation of substitution com-
pounds. If this be true, it 1s of interest to make
a thorough investigation of the substltution compounds
of picryl chloride 1nlorder to arrive at something def~-
inite in regard to the relation of addition

and substitution compounds.

Austen28, in 1874, prepared the first recorded
substitution compounds of pieryl chloride. He stated
that when pieryl chloride and m-nitraniline are dis-
solved in bolling aleohol, a substitution reaction
takes place forming pieryl-m-nitraniline., This com-
pound crystallized from glacial acetic acid in small

vellow-orange transparent crystals melted at 2059,

o7 Rekule, Urgenische Chemie, Fred. Bnke. (1867).
on Austen, Ber. %, 1248 (1874),



By an analog. —— was

and melted at 216°, This compound closely resembled
the previously described = .. but is aiightly more
soluble in most solvents. Later, in 1900, Wedeidna®?
prepared the same | - — He gave the
melting point of pleryl-m-nitraniline as A , and
that of pleryl-p-nitraniline ss 214-215°,

Romburg3°, in 1883, described & number of [ m—
tution compounds of ] = He (€ methylamine
bo an aslconovlie solution of pieryl chloride und = substi-
tution reaction took place forming . — which
melted at 110-111°, Likewise, dimethylpleranmide
at 1389, ethylplcramide at 849, and diethyl=
pieramide, having colored crystals melting at 163~
1649, were prepared.

Agein, in 1885, Romburg3l announced other complex
substitution compounds of chloride, He -~
trinitrophe i ! ~ by the interaction of pleryl
cﬁloride and propyl in n red
needles and at 59°., Trinitrophenylisobutylamine
having red needles and melting at $59, and

30 Rmu:rs, ﬁ.ﬁo ﬁl‘a"' ehim. _g.
3y Romburg, Rec. . chim, 4, 191
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phenylallylamine melting at 80° were prepared by an anal-

method. -

Michael and Browne®2, in 1887, prepared dipieryl
hydrcxfgamineby'tre _ an alcoholic solution of
pieryl chloride with an 9 solution of [ -
amine. The compound, {053605H561)3H.0M, formed yellow
needles soluble in alcohol. The melting point was pot

given.

#illgerodt and s in 1888, described the
preparation of picrylphenylhydrazine. They stated that
it is best prepared by carefully mixing one molecule
of pieryl chloride and two molecules of phenylhydrezine
in cold aleoholic solution. The compound formed red
seales which at 1720, The investigators failed
in their attempt to prepare unsymmetriecal pleryl

- ¢ by heating pieryl chloride and | e
in alecoholic solution. E. Fisher®%, in 1889, prepared

the above substitution which melted at 172°.

Willgerodt3®, in 1890, stated that symmetrical

3o Wichael and Browne, J. prakt, Chem.  , II, 358-59 (1887).

sz Willgerodt snd Ferko, J. prakt, Chem. 37, II, 345-358 (1888).
54 E. Pisher, Ann. 253, 1-5 (1889).

»5 Willgerodt, J. prakt. Chem, 40, II, 264-270 (1890).
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picryl ines are obtained by the interaction of
molecular proportions of pieryl chloride and the hydro~
chloride of the aromatie hydrazine in alcohol at ordi-
nary temperatures. The following substitution

were obtained: (1) symmetrical picrylhydrazine, (2)
pieryl-o-tdylhydrazine, (3) pleryl-p-~tolylhydrazine,

-

and (4) pleryl-cenaphthylhydrazine. Willge 2
in 1891, prepared the pileryl-A-naphthylhydrazine with
the assistance of Schultz. stated that 1t existed

in two forms and decomposed at 1769,

Turpin®?, in 1891, prepared picryl-aniline from
picryl chloride and aniline in alecohol. The compound
melted at 177.5°, — = was prepared by
the interaction of orthoamidophenol and pileryl chloride
in boiling benzene, It consisted of crimson needles

which melted at 1750,

Later, im 1891, willgerodt and Bohm™® announced
the pa of picryl-p~chlorophenylhydrazine in
two modifications, The first was formed by wa

together molecular proportions of 4-chlorophenyl-

hydrazine and pieryl chloride in aleoholic solution.

56 WiIIgeroat and Schultz, J. prakt., Chem, 43, 1I, 177-189
(1891)

37 Turpin, J. Chem. Soc. 59, 714 (1891).

=g Willgerodt and Bohm, J, prakt. Chem. 43, II, 4B2-496

(1891)
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It erystallized from organic solvents in well-formed
prisms snéd-decomposed-at -174-1752, The other was ob~
tained by disseolving the chlorephenylhydrazine and

picryl chloride in cold chleroform, and shaking the

mixed seolutions in the cold. The compound crystallized
out as an aemorphous mass, In reerystallizaetion from ecold
chloroform, slender, yellow needles which decomposed at

170-171° were formed.

pgain, in 1891, willgerodt and Schultz®? propared
(1) pieryl-genaphthylhydrazine and (2) picryl-g-naphthyl~
hydrazine by the action of alcoholic solutions of
pleryl chloride on the naphthylhydrazines. The former
had been previously prepnraq by willgerodt4°. Both of
these compounds decomposed before melting, the latter
at 175°,

Wwillgerodt and Ellon4l, in 1891, prepared (1)
pleryl-p-bromophenylhydrazine and (2) pieryl-o-chloro=-
phenylhydrazine, The former compound was formed from

a hot, aleoholic solution of two molecules of the hydrazine
ad ono molecule of picryl chloride. It crystallized in
red prisms and melted st 160°,

s Willgerodt &nd Scoultz, loe. eit.
40 Willgerodt, loc. cit.
41 Willgerodt and Ellon, J. prakt, Chem, 44 II, 67-77 (1892).




Willgerodt and liuhe42, in 1892, prepared picryl-
m~chlorophenylhydrazine., The compound crystallized in
small, red prisms and decomposed at 177-178°, It dissolved
in glacial acetie acid, benzene, hot ether, chloroform,
but only sparingly in alcohol.

Curtius and Deedichen4®, in 1895, reported thst
pleryl chloride reuacted violently with hydragine hydrate
to form pleryl hydrazine. It consisted of reddish-brown

erystals which melted at 186°,

Purgotti44, in 1896, prepared picrylmethylsalicylate
by boiling pieryl chloride and methyl sodiosalicylate
in teluene solution., The compound formed yellow crys-
tals whien melted at about 1399,

Willgerodt and Klein45,.in 180¢, prepared picryl-
m-xylylhydrazine by the action of piecryl chloride on
m=xylylhydrazine, The compound erystallized from alecohol
in slender, yellow needles, and dissolved in most organ-

ie solvents.

) Willgerodt ond muhe, J. prakt, Chem. 44, 1I, 451-466
(1852).

4z Curtiue and Decdichen, J. prakt. Chem., 50, II,
241-247 (1894).

44 Purgettl, Gezzetta 26, II, 554-8559 (1896) .

45 willgerodt and Klein, J. prakt, Chem., 60, Ii,
97-112 (1899).



edekind46, 1900, obtained a large number of

substitution compounds of pileryl chloride. In his work
on the "steresochemical™ observation of the reaction
piceryl chloride and aromatic amines, he stated that of
the various monosubstituted primary amines, the para
compoundd form the picryl derivatives most readily fol-
lowed by the meta and then the ortho compounds, although
there 1s not much difference betw them, nitro
group forms an exception sincem for ex mple, menitro-
aniline formed a piceryl derivative with grestest ease and
the o-nitroaniline only great difficulty. The
"stereochemic 1" influence of the ortho position was shown
by pierylaminoacetophenone, of which the para compound
eagsily fo- ed a p nylhydrazone, while the ortho compound
did not re ¢t with phenyl hydrazine. Compounds of the
phenylene«diamine type formed only mono picryl deriva=
tives, while those of the benzidine series formed
dipicryl derivatives curiously, are soluble in
alkalies precipitated by acids. following picryl
derivaetives were prepared by treasting wo molecules of
the amine with one molecule of chloride:

(1) o-Picrylaminobenzoic acid, . P. 271-.2720,

(2) m-Picrylaminobenzolic acid, M. P, 233-234°,

e (1900)0



(3) ) — . -  aeld, M, P, 292-293°.
(4) o-Pierylnitraniline, M. P. 220°,

{(5) o-Pierylchlorosaniline, ¥. P. 158-1500,
e e——— == B. P, 169-170°,

(7) p-Pierylamino&cetonhenone, M, P. 162-163°,
(8) oL = E— M. Pa 2320,
(9) o-Picrylaminobenzaldehyde, ¥. P. 203-2059,

{10) m-Pierylaminephenol, . P. 205-204°.
(11) p~Plerylaminoacetanilide, M. P, 240-242°,
{12) Piecrylethylaniline, M. P. 105-3107°,
(13) pierylpiperidine, . P, 104=108°,
(14) = ‘phenol, M. P, 172-173°,

Bamburger and Muller??, in 1900, reported the prepars-
tion of picry1~ﬂ¥nuphﬁhal¢mine. The compound was prep&red
from pieryl chloride anﬂ.ﬁhnﬁphthyl in aleoholic so-
lution, It ecrystallized from acetie acld in glisteniné,
coral-red prisms which melted at 233-235.5°. Sudborough
and Pigtht in 1006, epu~  the ssme compound by an

analogous method. gave 1ts melting point as 231,59.

Willgerodt and Herzog49, in 1805, obteined s-pieryl-

47 B__urger and Wuller, Ber. 55, 110-113 (1900),

4o Sudborough and rileton, J. Chem. Soc. 89, 584 (1906).

49 Willgerodt and Herzog, J. prakt, Chem. 71, II,
385-398 (1905).
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j}f~oumw1hydrasina, by the action of pieryl chloride and
2, 4, S=trimethylphenylhydrazine~j~cumylhydrazine in
aleoinolic solution. It wes easily soluble in chlero-

form, benzene, and ecarbon disulphide.

Willgerodt and Lindenburg®O, in 1905, announced the
formation of & very complex subastitution compound of
pleryl chloride by its &ction on p-xylylhydragine in
alcoholie solution, Symmetricul-pleevl-p-xylvlhydrazine
was prepared which crystallized in small, red, slender
needles, melting with decomposition at 1699,

Ciusa snd Agostinel1iBl, in 1906, reported that the
phenylhydrazones of acetone, propylaldehyde, and camphor
and probebly those of the aliphutic aldehydes and ketones,

readily yield ecrystulline picrates, the formation of

which may be used for characterizing small quantities
of asldehydes and ketones of the aliphatic series. The
following compounds were formed with plcryl chloride:
{1} Acetonephenylhydrazoneplerate, yellow needles,
melting at 81-820,
(2) Camphor phenylhydruazonepicrate, golden-yellow

needles, melting at 137% to form a blaeck liguid.

Willgerodt and Lindenburg, J. prakt. Chem. 71, II,
50 398-409 (1905).
51 Ciusa and agostinelli, atti, R. Accad. Lincei (V),
15, 11, 238-242 (1906).




{(3) Prop: - == _ ..ate, canary-
vellow needles, melting at 156-15709,
(4) Trinitrohydrazobenzene, melting at 186-187°,
(6) Benzaldehydetrinitrophenylhydrazone, melting
’ at 273-274°,
(6) Piperonsldehydetrinitrophenylhydrazone, dark.
red crystals, melting at 1699,

] and picton®2, in 1908, prepared plcryl-
oZ~naphthylamine by the interzction of pieryl chloride

and naphthylamine in alccholic sclution. The compound
melted at 197-198°, Pierylmethyleplenaphthylamine was
obtained when picryl chloride and a____
were boiled in aleohol for one hour. This compound erys-
tallized from glaelal acetic aecid in glistening, black

plates which melted at 245°,

Leeman and Graendmaugin®3, in 1908, announced the

formation of picryl-m-toluldine by the interaction of

m-toluidine and piecryl NI in alecoholic solution,
The compound crystalllzed alcohol in golden needles
which ea at 126°. Busch®%, 1in 1909, the same

compound, He stated that there are two modificatlons, a

52 orougn and Picton, J. Chem. Sve. 89, 594 (1906,
53 Leeman and Grandmaugin, Ber. 41, 1305 (1908).
54 Busch, J. Chem. Soc. 96, 564 (1909). |




mixture of yellow prisums which melted et 130° and orenge
red needles which molted at 163°, Another substitution
product was obtained with pleryl chloride and 2,4-dinitvo-
phenylhydrazine, Likewlse, ploryl-cephenylenediamine

was prepered which melted at 177.178°%,

Busch and Pungs®®, in 1909, steted that when alco-
nolie solutions eof pieryl chloride and the following
anines are mixed, the picrylanine is deposited freguently
in two differently colored forms. (1) p-Toluidine
gave & mixture of labile, yellow prisms which melted at
163°, and blood-red needles which melted at 165%, The
forzer wes obtained alone by treating the alkaline alco-
heolie solution of the mixture with hydrochlorie aseid,
vhile the red form separated when the mixture was crys-
tallized from elcohol and benzene. (2) pe-Xylidine gave
only blood-red needles which melted at 163°, tut the
laible form was obtained by acidifying the cold, sleoholie
solution. (3) 1,3,4-Xylidine and pleryl chloride gave
orange«red monoclinie needles which melted at 158%°, (4)
1,3;2%«Xylidine yielded only citron-yellow lcaflets which
melted at 2129, (6) y-cumidine gave a product which sep-
erated from secetone in blood-red,dichroic needles and
melted at 160°, It gave from alcohol, containing hydroe

T5 Tasch and Pungs, J. prakt. Chem 79, II 546-554 (1908).




chloric acid, needles which melted at 160° but which
possessed lighter color. (6) o« and p-Anisidines formed
only ora -red, rhombic needles. which melted at 142°

1389 respectively. (7) o- and p-Phenetidines gave,

with pieryl chloride, _sc¢ _ needles melting at 136°
and 137°; the red needles mslted 123° | 124©
respectively. (8) ¥ethyl aniline gave titution product

with pieryl chloride hich melted at 108-110°,

Pallak55, in 1918, announced the formation of
4-picrylthicl-l-ethylbenzene from picryl chloride and
l-ethylbenzen -4-thiolaceticacid, compound formed

silky s which melted at 113.5-116°,

Kehrmann, Ramm and Sehmajewskisv, in 1921, ared
a number of substitution products of picryl chloride.
(1) 2,4,6-Trinitrophenyl-o=-toluidine, oran -ecolored
pri ms, melting at 1649,
(2) Trinitrophenyl-o- orange -
colored crystal , melting at 140°,
(3) 2,4,6-Trinitrophenyleo-cumidin, orange.colored
eryst 1ls; no lting point given.
(4) 2, 4,6-Trinitro-o-aminotriphenylmethan , oran
color d crystals, melting at 1809,

56 . 179-200 (1918).
5y Kehrmann, Ramm and Schmajew ki, Nitt. Helv. Chim.
Acta. 2, 379 (1921).
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Auwers and Allardt5g, in 1924, reported the forms-
tien of picryl indazole by mixing picryl chloride and
indazole in alcoholic solution., The compound gave golden

rhombic plates whieh melted at 208-2100,

Giua®Y, in 1925, announced that when picryl chloride
and an excess of aqueous eyanamide are hsated on a
water bath, cooled and acidified with dilute hydro-
chlorid ecid, picryleyanamide apd dipieryldicyandiamide
are formed, The former mpound is very unsteble while
the latter melta and decomposes at 254-255°, If the
dipierylguanidine is boiled in alecohol with concentrated
hydrochleric acid, phenyl ureg which is yellow and melts

with decomposition at 201-203°,is formed.

Giua and ?etroniaso, in 1825, reported the forma-

tion of two substitution compounds of pleryl chloride.

(1) Picrylsemicarbazide is Tormed when picryl chloride
and semicarbazide are heated together in alcohol. The
compound crystallized in yellow erystals which melted
and decomposed at 218-219°, (2) Pierylsemloxamszlde
was prepared in the same manner., It formed yellow

crystals which melted and decomposed at 249-2500,

5g Auwers and Allardb, Ann. 438, 1-33 (1924),

59 Giua, Gezz. Chim. Ital 55 692—660 (1925).

go Giua and Petronia, J. nrakt Chem, 110, II
289-308 (1925).
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Chronologlenl arrangement of the add com~
pounds of pieryl chloride ;. were found in the 1lit-
erature, including the molecular ratio, the melting
point, and the eolor of the crystals,

Second Moleeular Melting Color and
Component Retio Point ersggglina Form
1. Naphthalene 1:1 90-96°  Canary-yellow
needles
2. Phenanthrene 1:1 889 Lemon-yellow
needles
3. Stilbene 1:1 70-710 Dark-yellow
needles
4. Fluorene 1l:1 69-70° Orange- colored
’ needles
Ba — 1:1 Yellow-neerdlies
6. piphenylamine 2:1 68=66° Deep~red
needles
7. Carbagole 2:1 160=-165° Yellowish-red
needles
8. Carbazole 1:1 155% Dark-red
needles
G. 4,4~Tetramethyldiamino~
diphenylmethane 719 Dark-black
o Qe

Indicates not given in the literature.




Second llolecular 3Helting Celor and
Component Ratio Point Crystulline Form -
10, Pyridine 1:1 1389 Brown crystals
11.o4~Haphthylamnine 110-111.5° needles
19. R - 1:1 85° Silky,brown
needles
15. Plethyl=B-naphthyl- 1:1 770 Dark, purple- .
amine colored needles
14, _. naphthyl- 1:1 420 Slender, red
amine . needles
15, Diphenyl 1:1
16, Diphenylmethane 1:1
17. Triphenylmethane 111
18, Triphenylmethane 3:1
19, Diphenylethane 2:1
20. Stilbene 2:1
21, Diphenylacetylene 1:1
22, Diphenylacetylene 2:1
23, Azobenzol 2:1




Second Molecular Nelting Color and
Compound Ratio Point rsualline Form
24. Benzaldehydephenyl- 2:1 90-91° Dark maroon
hydrazone shining needles
25. Piperonaldehydep - 221 1239 Almost blsack
-azone needles
#6. Anisaldehydediphenyl=- 2:1 920 Shining black
hydrazone needles
27. m=Nitrobenzaldehyde~ 2:1 1050 Brick-red
phenylhydrazone needles
28. Cinnamaldehydephenyl- 2:1 122-1239 Brick-red
azone needles
29, o~Methylindole 1:1 115-116° Long, dark-
red needles
0. = o 1l 120°  Long, dark-
80, | My - red needles
31. m~litrobengaldehyde- - S
nhanvimethylhvdrazone
" . _ 1.1 940 Dark~red
32. liethyl=ge-naphthylawine : silly needles
11 55=56° Dark, garnet-
33. Isoapiole red neodles
R e - 2;1 1320 SEE
%4, Benzaldehyde~p-nlitro needles

phenylhydrazone




Second Holecular Melting  Color and
Component Ratio Point Crystalline Form

55. Benzaldehydephenyl - 1:1 65° Dark-red
methylhydrazone needles

36, m~nitrobenzaldehyde- - 1:1 98° Dark-red
phenvlhydrazone fleedles

57. Piperenaldehydephenyl- 1:1 115°  Black
methylhydrazone needles

58, m=Hitrobenzaldehyde~

methylhydrazone
99. 2,3-Dimethylindole l:1 140° pari-red
needles
40, Tetrahydrocarbazole 1219 Chocolate-brown
needles
41, Phenylindole 1:1 1199 Carmine-red
needles
42. 4-rhenyl-2-p-tolyl- 1:1 80° Red crystals
aminothiazole
43, 4=Chloro=l-amino=-g- 1:1 119° Brovn~red
methylnaphthalene cerystals
44, l-Amino-2-methyl- 1:1 129-130° Dark,prownish-
naphthalene red needles

45, Dimethylaniline 1:1 680 Red needles




Second liolecular Melting Color and
Component Ratio Point Crystalline Form
46. Anthracene 141.6° Brown- red
needles
47. Acenaphthene- 113.2° Orange-colored
erystals
48, Acenaphthylene 109,49 Orange-colored
: erystals
49, Retene 53,.5% Yellow-brown
erystals
50. Tetryl 81,2°
51, Trinitro-m-xylene




Molecular compounds of pieryl chloride found in
the literature grouped under (1) hydrocerbons, (2)
phenols, (3) amines, (4) nitro compounds, (5) hydra-

zones, and (6) nitrogen compounds.

I HYDROCARBONS
(3econd Component)

1, Naphthalene

2. Phenanthrene

3., Stilbene (1:1)

4. Stilbene (2:1)

5+ Fluorene

6. Benzene

7. Diphenyl

8. Diphenylmethane

9. Triphenylmethane (1:1)
10. Triphenylmethane {3:1)
11, Diphenylacetylene (131)
12, Diphenylacétylene (2:1)
18. Diphenylethane

14, Anthracense

15, Acenaphthene

16. Acenaphthylene




i

17. Retene
18, Tetryl

iI ©Ho COMPOUNDS PHENOL
WERE FOUND IN THE : .

III AMINES
1. Divhenvlamine
2. _e
3. 4,4~Te aminodiphenylmethane
4, J~Naphthylamine
5. Ethyl=d-naphthylamine
6. Die — amine
7. Dimethyl=-tenaphthylamine
8. MNethyl=-O{-naphthylamine
9, 4-Phenyl-2~p-tolylaminothlazole
10. 4~Chloro-l-amino-2-methylnanhthalene
11. l-Amino-2-methylnaphthalene
i, ‘thylaniline

IV NITRO COM
1. Trinitro-m-xylene




v

VI.

_ HYDRAZONES

1.
2.
Se
4.
5.
6.
7.
8.
9.
10.
11,

1.
2.
3.

5.
6.
7.
8.

Benzaldehydephenylhydrazone

Anisaldehydephenylhydrazone

m-Hitrobenzaldehydephenylmethylhydrazone
Bengzaldehyde-p-nitrophenylhydrazone

nm-Nitrobenzaldehydephenylhydrazone
Piperonaldehydephenylmethylhydrazone
m=Ni | (¢ -
Isocapiole

CONMPOUNDS

B-Methylindole
Azobenzol

Carbazole (2:1)
Carbazole (1:1)
Tetrahydrocarbazole
2,3-




Chronologicul arrangement of the substitution

compounds of pileryl chloride, together with thelr

melting polnts, colorscund crystalline forms. The sub-

stitution reaction took place between the organic com-

pound and pieryl chloride in aleocholic soelution.

Substitution Melting Color and Crys=-
Cempound Point talline Form

1. rieryl-m-nitraniline 2059 Orange-yellow crystals

2, Picryl-p-nitraniline 216°

3. Methyl pieramide 110-111°

4, Dimethylpieramide 138°

5. Ethyl picramide 840

6o 163=164° Orange-color crys-

tals :
7. Trinitreophenylpropylamine 59° Red needles
8, Trinitrophenylisobutyl-

emine 959

Red needles

Indicates not given in the literature.
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Substitution Melting Color and
Compound Point Crystulline Form
9. Trinltrophenylallylamine 800 Crystals
10. Dipicrylhydroxylaumine el Yellow needles
11, rierylphenylhydrazine 172° Pale.red scales

12. Symmetricalpicrylhydrazine Decomp.

13. Picryl-o~tolylhydrazine Decomp.

14, pPicryl-p=tolylhydrazine Decomp.

15. Picryl1¥enaphthy1hydrazine Decomp.,

16. Picrylaniline 177.5°
17. Pieryldiphenylaniline 62° Soft ,deep_red
plates
18. o=Piecramidophenol 176° Crimson needles
19. Pieryl-p-chlorophenyle Decomp. 1. Well-formed
“— 174-175° prisms
{Two modifications) Decomp. 2. Slender, yel-

170-171° low needles
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Substitution Melting Color and Crys-
Compound Point talline KForm
20. Picryl=-B-naphthylhydrazine
1759
21. Picryl-p-bromophenyl- 185-186° Yellow-red, hex-
hydrazine - agonal crystals
22. Pieryl-o-chlorophenyl- 1609 Red prisms
hydrazine
235. : - Decomp. Small, red u
hydrazine 177=-178° ~9
24, plerylhydrazine 1860 Deep, reddish-
brown crystals
25, Pierylmethylsalicylate 139° ¥ erystals
26. ‘ » Yellew needles
27. o-Pierylaminobenzolicacid 271-272° -
28. m=Pierylaminobenzoicacid R33~-234°
29. p=rleryiaminobenzoicacid 292-2039 o
50, o-Picrvinitraniline 2200
31. o-Pierylchloroaniline 158-159°
32, m=Pierylchloroaniline 169-170
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Substitution Kelting Color and Crys-
Compound Point talline Form
33, p-Picrylaminoacetophenone 162-163°
34, o-Pilerylaminoacetophenone 2329
35, o-Picrylaminobenzaldehyde  202-205°
36, m-Pierylaminophenol 203-204°
37. p=Plcrylaminoacetanilide 240-242°
%8, Pilerylethylaniline» 105-107°
39, Picryl piperidine 104-106° Orange-red
pyramid crystalas
40. Pieryl~p-aminophenol 172-173° Grimsai needles
41, Pieryl-B-naphthylamine 231 ,5-255,6° Coral-red prisas
42, s—pieryl-}r-cmlhydﬂazim 157.5°
45, S—?iéryl~p-xy1y1hyd§azine Decomp, Small, red,
169° slender needles
44, Acetonephenylhydrazone- 81-82° Unstable, yellow
picrate needles
45, Camphorphenylhydrazone- 1370 Golden yellow

picrate
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Substitution Melting Color and Crys-

Compound Point talline Form
O — 156-157° Minute,

hydrazonepicrate ysllcnr na
47. Trinitrohydrazocbenzene 186-187°
48, Benzaldehydetrinitro- 273-274°

phenylhydrazone
49, Fipero. N 189° Dark-red ecrystals

phenylhydrazone
50. Pleryledenachthylemine 197-168° Crystalline plates
51, Picrylmethyl-glenaphthylamine 245° Glistening bluck

plates

52, Picryl-m-toluidine 126° Golden neecdles

(Pwo Hodifications) 163° Yellow prisms
53, Pleryldinitrophenyl-

hydragine
54, rieryl-o~phenylenedi- 177=-178°

- amine

55. pleeyi-p-toluidine 165° Yellow prisms

(Two modifications) 1659 Blood-red needles



Substitution pelting 3 and Crys-
Compounds Point talline Form
56, Picryl-1-3-4-xylidine 158° Orange- red, mono~
clinic needles
57. Pleryl-p~xylidine 163° Blood-red needles
58, ° 2129 Citron-yellow
leaflets
59, Pieryl;)ﬁcumidine 160° Blood-red needles
60, Picryl-o-anisidine 14@° Orange-red rhombie
61. Pieryl-p~anisidine 138° Orange-red, rhombic
needles
I
I .
62, Picryl-o-phenetidine 1369 Scarlet needles
(Two Modifications) 1239 Red needles
863. Picryl-p~phenetidine 1379 Scarlet needles
(Two Mo B 1249 Red needles
64, Picrylmethylaniline 108<110° Deep- red plates
| : 65, 4~-pierylthiol-l-ethyl~ 113.5-116° yellow, silky
benzene needles
66, 2,4,6-Trinitrophenyl- 1659 Orange.colored
o-toluldine ' prisms
87. Picryl-o~aminodiphenyl-~ 140° Orange-colored
methane prisms




Substitution Melting Color and Crys-
Compound Point talline Form
68. 2,4,6-Trinitrophenyl- Orange-colored

O=gumidin crystala
69. 2,4ﬁﬁ:¥!initro«9wamino- 180° Orange-colored
ati“' ' crystals
70. Pileryleyanamide unstable
71. Dipiceryldicyandiamide melts and
decomp.
2542550
72. Pierylsemicarbazide melts and Yellow erystals
decomp.
218-2199
7%3. Plerylsemloxumazide melts and Yelliow crystals
decomp.
249-2500
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) PART DirT

EXPERIMENTAL

REAGENTS ¢=
An attempt was made to prepare addition com-
pounds of plcryl chloride with esch of the following
compounds :
1. Naphthalene
2. Fluorene
3« Diphenyl
4. Triphenylmeihane
5. Anthracene
6e A=Naphthylamine
7. B-Naphthylamine
B+ Benzidine
Qe Aniline
10. Methylaniline
1l. Dimethylaniline
12. o=-Toluldine
135« p=Toluidine
l4. o-Fhenylenediamine
15« m=Phenylenediamine




16.
17.
i8.
19.
20.
21.
22.
28
24.
20
26.
27«
28
29.
30.
31,
52
33.
54 .
35
36.
57«
38.
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p-Fhenylenedia: ine
p-Aminophenol
Diethylamine
Triethylamine
Diphenyla=ine
Triphenylamine
Carbazole
Benzamide
Phthalimide
c~=Naphthol
B=Napnthol
Hydroquinone
Pyrogallol
Resorcinol

Phenol

Catechol

o-Cresol
Phloroglucinol
Anisole

Pyridine
p-Bromoacetanilide
Guanidine nitrate

Urea




3%« Thiourea

40. Benzene

41. Toluene

42. Phenanthrene
43

44. m=Toluldine
45. p-Nitraniline
46. Xylidine

47. o=Xylene

48. m=Iylene

49. p~Xylene

if of the materials were purchased the
Research Laboratory of the Fastman Kodak Company,
practically all belng of the . v Aniline,
methylaniline, and dimethylanlline were purified by
distillatione.




METHOD OF PREPARATION:=

The general method employed in preparing
addition compounds was to weigh out the two components
in molecular ratlos, dissolve the mixture in bolling
absolute alcohol, and allow the molecular compound to
crystallize from the solution. The mother liguor was
poured off long before crystaliization was comnlete in
order to prevent, as rich as poseible, tne precivitation
of impuritles with the moleculsr compound. Then the
crystals were placed on a filter peper so as to absorb
the excess solvent. Recrystallization, 1n most cases,
tended to csuse deconmposition of the compound, or a
substitution ¢ mpound was formed. For these reasons the
compound had to be obtained as pure as possible with the

first crystallization.

Alcohol could not be used as a solvent In all cases
due to the Iinsolubility of some of the components in
it. Also, if there is a marked difference in the solu-
bility of the two coﬁponents in s solvent there 1s a
tendency toward decomposlition in that solvent. For this
reason, crrbon tetrachlorid~ was used ss s solvent in the
preparation of the sddition compounds of the ok and B-nap-

hthols. Benzene could not be used as solvent since an



-51-~

addition compound was rm. with it snd pleryl

chloride.

Wwhen one of the components was a liculd, it was
only necessary to dissolve the solid in the liquid
component. The excess component evaporated and the
moleculur compound erystallized from the solution.
It wa:s then recrystallized from hot alcohol, A
freezing mixture of ice and sodium chloride was ucsed
in some cases for low --ng compounds in order to
obtain the crystals. If the molecular compound was very
unstable the components were mixed in the cold for
bolling would tend to cause a substitution reaction to take

place.

In some cases when the compound could not be
obtained by the above methods, due to its low nelting
point, the formation of a molecular compound was 2
by a change in color of the =zolution or of the fused mixture.
A8 an i1llustration, the fused of vlcryl chloride
and p-sminophenol had a very darik red 1lc but 1t changsd
immedistely to a bright golden color, due undoubtedly to
the formation of & substlitutlon e s The color of
the moéecular compound 1s, in all cases observed, much

deeper than that of either component.



DETERNTHATION OF MELTING POINTS:-

The welting poinve of the -compounds were de=-
termined by the capilliary tube method described by
Eullikensl. The neck of a 260ec. Pyrex 4
flask was cut off about three ks of an inch
from the bulbe. A test tube, which fitted the flask,
was cut off at the botton to within am ineh of the
bottom of the flask, and the end was fused together to
form an round ye The flask was fllled about three-fourths
full of sulfurlec scid, and the test tu be, which wes
filled to sbout an inch sbove the.level of the acld in
the bulb, was lnserted in the bulb. The thermometer
was inserted in the test tube so that the bulb extended

v the surface of the acid in the flaske. A small
c¢aplllary tube wss fllled with the compound by placing
it in the ] andi then scratching it with & flle.
The vibration of the tube caused the compound to fall
to the bottom. A cork was placed on the thermometer and
the end of the caplliary tube was inssrted in the cork

causing 1t to eling to the bulb of the thermometer. A

second thermometer was o 8o thst 1its bulb

¥ulliken, "The ldentification of Pure Organle
Compounds, "Jonn %iley and Sons, Inc., Hew York,
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reached the midway point of the stem emerging from the

thermometer in the bath. in order to obtain the tempera-
tare of the emergent steme. It ls desirable to have three
melting point set-ups since the sulfuriec acid cools very

8l2alye.

The welting points were taken with thermometers
callbrated by the Bureau of Standardse Thermometer
number 43077, graduated in tenths of a degree, had a
range from 0° to 100°; number 49971, graduated in two-
tenths of a degree, had a range from =11° to 201°%; and
number 5860, grudusted In two_tenths of a degree, had a

range from 200° to 300°%.

The formula for the stem correction for the
thermometers, as given by the Burcau of Standards
coertificate accompaning esch, 1s as follows:

Stem Correetion = .00016 x n(T° - t%)

where n 1s the number of degrees emergent from the
bath; T° is the temperature of the bath; and t° is
the mean temperature of the emergent steme. Since the
stem is at a lower temperature than the bath, the

correction is to be added to the observed readinge

T e e ——



T™he ahsolute variation of the thermormeter muast
be corrected =ccording to the table premared by the
Baresu of Standards sa glven in the certificate
acecompaning each therrnometer. The correction for any
particular temperature must be obtained by interpola-
tion, (see grapns on pages 56, L7, and £8). The correc=—
tion 1s to be added or subtracted from the readlng
already corrected for stem exposure. The temper:ture

corrected 1s the exact melting point of the compound.

The fellow ! ng tabulation glves & correction for

the resdings of the thermometers used:

Bureau of Standards No. 43077

Reading Temperature Cor. to Reading
0° 0.00° 00"
20 19.98 -.02
40 ;9.89‘ ~e11
6Q 59.95 .05
80 79.98 _ -.02

100 100.16 + 416



Buresu of otandards No. 49971

Reading Temperature Cors to Reading
0,02° 0.00° 00°
20 19.98 -.02
40 39.96 -.04
60 | 59.96 -.04
80 7398 -.02
100 99.92 -.08
120 119.92 - ~+08
140 139.90 =-+10
160 159.70 =«30
180 179.52 =-+48
200 199.42 ~+58

Bureau of Standards Ho. 5860

Reading Temperature Cor. to Reading

| 0.0° 0.0° 0.0°
: 100 100 «0
| 210 210 R

220 220 .0

240 240.1 <+ ol

260 26042 ~+ 2

250 280.3 & o8

300 299.9 -l
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NMETHOD OF ANAIYSIS:=

Since all the molecular compounds vrepared
in this investigation contalned chlorine, 1t was
thought best to analyze for chlorine using the

Pringeheim methodaz.

ne=tenth gram sample, finely
powdered In an agate mortar, was weighed out and

rixed with sixteen times its weight of sodium peroxide
and O¢l gram of sugar in an iron crucible. The cruclble
was floated on water in a 600cc. beaker, which was then
covered with a four-inch wateh glasse. The mixture was
next ignited by a red hot iron file introduced through
the 1lip of the beaker. After the fusion was complete
the crucible was plunged beneath the water and 1ts
contents were allowed to dissolve. The crucible was

removed and washed, the washings being allowed to

run into the beaker. Hitric acid was added to scldify

the solution whigh was then filtered to remove the carbon

partieless. The chlorine was'lastly precipitated as
silver chloride, weighed on a Gooch crucible and the
amount was determlned gravimetrically by the fellowing
formla: '

Wte of ApCl x +2474 x 100
Wete Of Hallde =% c1.

Scott, "sStandard Method of Chemicsl Anslysis,”
62 Ds Van Nostrand Co., New York, 4th. eds, Vol. I,
pP. 147 (1927).




This method gives very accurate rusults if
properly carried oute The chief precautions are:
(1) the sample should be thoroughly mixed with
8 peroxide; (2) the iron file should be very
hot when introduced into the mixture so as to ignite
it »ith certainty;: (3) an iron crucible should be
used because & porcelain crucible 1is liable to break
and admit water which will cause a very violent ex~
plosion; (4) the fused macs should be allowed to cool
somewhat before plunging it into water; (5) the beaker
should be well covered during the fuslon as splatter-
ing is considerable; (6) too large of the
halide should not be used since the fusion will be
too violent, (less Q.1 gram of picryl chloride-<
-naphthol could be used with safety); and (7) during
the mixing of the halide care should be taken 1in
preventing moisture from coming in contact with the
mixture as ignition may take place instantaneously

seriously g the :

Usually there sre a few carbon particles left in
the solution which must be filtered off before the
precipitstion of the chlorine. Sometimes there is a
film of organic matter on the surface after the fusion
which indicates that it is incomplete. In cuses of

this kind the experiment must be ropesntad.



T 0 ¥¢IS OF 2 COM
Since the substitutlon comp wated in
t is investi do not econtain chlorine, an lysis
s I for nitrogen. T e mwethod empnloyed for t e det v~

min tion of nitrogen was that of Kjeld: 11l =&s ified
Sisley and Davia®. The .ethod be briefly summ

g follows: rive~tent: e to o ra 1 of the mple
boiled in a Kjeldahl fl-. . by refluxing with 1Oce. of
leoh2l, Scc. of ta 2= yams o~ sodlum hy ro-
sulfilt unti e#colo 4z tion, - 10
to 1% minu ¢ , took place. ~fter eco .lng, 1lO0cc. of

rie sel , re ad and the gie ter t of ¢

leohol . : + By then © groms of cop sulfat
and 12 ce. of concentr su acl added. 1@
solution S weated Lelov th eill - peoing intrl &
blue color - ebtained. fter ng to 30 cec., 100cc.

of Na0O® of 36° Baume, Sce. of 207 sodium sulfide solution
n a i of ranulsr zine ¢ added. Tae a

"as8 distilled over by t use of the ordinary Kjeldahl

apparatus into stand«rd solution of loric acid.
he hydroehloric asacid =s titrated back a stand- rd
= yid, L . Cni . France 435,



- - — . oy B - ———
= -

solution of sodium hydrexide using methyl red as the
indicator. Cslculations we e made by the use of the

formile :
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PART IV

EXPERISENTAL RESULTS

ADDITION COMPOUND:L OF PICHYL CHLORIDE:-

8ixteen addition compounds of picryl chloride,
among whieh three wa e preparcd for the 'irs tiwme,
were isolated in this s mtlon. The ¢ mpounds cf
p. °  ehloride with (1) naphthalene, (2) fluorene,
(3) diphenyl, (4) triphenylmethene, (5) unthracene,
(6) A=naphthylamine, (7) dimethylaniline, (8) diphenylamine,
(9) esrbazole, (10) : (11) be =z (12) phenan=-
threne, and (13) diphenyl methane have been fwed
in the historiczl part of this theels. The compounds
with pieryl chloride and (14)<1—n§phthol, (13) B=nan thol,

and (18) Were new.
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TABLE OF THE PHYSICAL

'WRTIEE

COWFOUNDS OF PICHYL CHLORIDE:-

OF THE MOLECULAR

SOOGnd Yola ﬁOlu Hatlio MNP H.Pe halPa Color and
Component Ratlo in Lit. Found Lit. Obge Cor. Cryste Form
1. Naphthalene 1:1 a 91.2° 92.2° 93.1° Long,yellow
294.0 noedlos
96=16
2. Fluorene 1:1 d 69=70 69.8 70.2 Orange
needles
3+ Diphenyl 1:1 141 - 78.8  73.4F [ ~vellow
needles
4. Triphenylmethsne 1:1 3:2%¢ - 71.8  72.2F Sme.. .
needles
5. Anthracene 1:1 - 141.6 139.6 141.8 Red needles
6+k=Naphthylanine® 1:1 - 110-  110.¢ 1111.6 Frown needles
111.5
66
7. Dimethylaniline 1:1 1:l 68 48.2 48.4 .
needles
8. Diphenylamine 211 - 62=66 62.9 63.2 Hed needles
9« Carbazole 1:1 - 155 152.4 Deep=read
needles
10.Pyridine 1:1 1:1 138 137.6 138.9 Brown

Crystals
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Second Mol Mols Ratilo HePe MePa MePe Color and

component Ratio in Lite Found in Lit. Obs. Cor. Crysts. Form.

11. Benzene®’ 1:1 - - 34.4° 34.4°F Yellow flakes

12. Phenanthrene 1:1 - 88° 86.9 87.9 Long,yellow
needles

13. Diprenylmethane 1l:1 - - 78.6 79+.6F Yellow
Crystals

14. A& =Nephthol®® = 1:1 - 122.4 123.0F Orange
needles

68
15« p=Haphthol - i3 - 103.8 104.4F Yellow
69

16« Guanidine - 1:1 - 173.8 177.2F Yellow

Crystals

The melting point of this compound was reported variously
s by different investigatorse.

Indicatcs that the melting point was determined for the
F first time.

Analysls of triphenylmethane picryl chloride failed
64 to give either the 1:1 ratio or 3:1 ratio which was
announced by Iruni and Ferrari, (Cheme. Ztge. 30, 568-69
(1906)e Hisey (Thesis, University of
stated that he 1solated & molecul:nr compound of 2, 4~
dinitrochlorobenzene and triphenylmethane having a
molecular ratio of 2:3 and melting at 87.9. Wood
(Thesis, University of Tenne. 1929) a tempted the
preparation of the compound prepared by Hisey but
with no successe The melting polnt corresponded to
thi't of one of the components. If a moleculsr com=
pound of pi ryl chloride and triph - can be
isolated it 1ls reasonable to belleve a molecular
compound of 2, 4-dinitrochlorobenzene and triphenyl-
methane existse.
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66

67
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Efforts to prepare the compound prepared by Hisey
failed. White crystals segaratad from the alcoholic
golution and melted at 85 °« They were recrystallized
from alcohol and melted a2t 92 , the melting point of
triphenylmethane. A second attempt was made to isolate
the compound by allowing the cry:-tallization to go
nearly to completion, only a small amount of the solvent
being poured off. Two kinds of crystals separated out
from the solutione The melting points were not constant;
one portien of the crystels melted at 45° and the olLher
sortion at 809 , corresponding respectively to the melt-
ing points of the two componentse. Keecrystallization
resulted in the separation of the two componentse Tri-
phenylmethane melted at 920 snd 2, 4 dinitrochlorobenzene
at 42° Triphenylmethane being the less soluble of the
two components in alecohol separasted out firste Also it
1s less soluble in alcohol than is picryl chloride. If
no molecular conpeund 1s formed of these two components,
triovhenylmethane should separate out first. But small
yellow necdles which melied at 72.2° separated fromw the
alecoholic solutiocne This indlcated that the solld was
not a mixture of the two components but a molecular
compounds The yellow needles dld not resemble those of
pieryl chloride.

Using alcohol as a solvent only a few crystals of the
addition compound formed wut 1t crystalized readily
from carbon-tetrachloride in a freezing mixture. The
addition compound on standing changed into the sub-
stitution compound.

The melting polnt as was reported by lesser, (Ann. 402,
1-51 (1914) ), was 68°. The compound was prepared
number of times and the melting point was alwavs 487,
Analysis gave the compound s 1l:1 ratio. On standing in
molst sir Lesser states that the addition compound,
belng unstable, forms the substitution compound which
melts at 2120. A4ll efforts to form s substitution
compeund faileds The compound on standing in molst

air decomposed into 1lts components.

The addition compound erystalllzed in & freezing
solutions The compound was very unstable, resolving
into 1ts componentse When the crvs%als were just

dry the melting polnt was detervined. FEfforts to
determire the loss of benzene were unsatisfactory
due to the insiability of the compound.,




68

69

The addition comnounds of the naphthols were isolsted

by using carbontetrachloride as a solvents An unsuccess-
ful attempt was nade to form the substitution compounds
of the naphthols by refluxing the Acompcund in aleohol
end the £ ceompound in benzene for ten hours.

Picryl chloride-guanidine was formed by using guanidine
nitrate as the second component. Analyses indiecated
that nitric acid was replaced by pleryl chloride.
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ANALYTICAL R'SULTS ;=

Piceryl chloride-dipnenyl: Caleulated for chlorine,

Picryl chlorideetriphenylmethane: Caleulated for
chlorine 3:2 ratio, 7.89%. Found 7.61% end 7.61%.

Picryl chloride-.dimethylaniline: Calculated for
chlorine 1l:1 retio, 8.49%4. Found 8.57% and 8.52%., (The
percent of chlorine was higher here than the theoretical
percent probably due to the instsbility of the compound,)

Pieryl chloride-pyridine: Calculated for chlorine
1:1 ratio, 7.87%. Found 7,72 and 7.82%,

Plceryl chloride-g-naphthol: Calculated for
chlorine, 1:1 retio, 8.07%. Found 8.08% and 8.14%.

Pieryl chloride-p-naphthol: Caleculated for chlorine,
1:1 ratio, 8.074. 8,044 and 7.93%.

Picryl chloride-guanidine; Calculated for
chlorine, 1l:1 ratio, 10.00%. Found 9.94% and 9.89%.



DETERMINATION OF WMOLECULAR WEIGHTE OF

NOLECULAR COMPOURDS =

The method employed to determine the molecular
weights of a number of compounds prepzred in this
investigation was the freezing point method of
Beckmann’9. The method is described in detsil by
Findlayvl, Getmﬁnnvg, Cnrtledge75, ﬁalker74 and otherse.
The determination was carried ouf in the appsaratus
shown (Fig.l). The cooling bath consisted of a

glass vessel, A, on the top which rested a 1id of

Fic.IL

'70 Zalto ph Se _th-ml’ 2, m

71 Findlay,"Practical Physicel Chem." Longmans,
Green and Co., New York, pages 112-122 (1928).

72 Getman, "Outlines of Theoretical Chemistry." John

Wiley snd Sons, New York, 4th. ed. p. 252-257 (1928).

s« Cartledge, “Inorganic Physical Chem." Ginn and

Company, Atlanta, pages 136=137 (1924).

74 Walker, "Introduction to Physical Chemistry,”
%28?%}13“ and Company, London, 7th. ed. p. 210-212
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brass, L. Through a hole 1la the center of the 1lid
there passed & wide glass tube, B, whieh was fixed

in place by means of a rubber stopper; and through
another opening in the 1lid there passed a stirrer,

E, by means of which the temperature of the ba h
could be kept more uniforme. The freezling voint tube
C, which has a side tube D 6 was supported in the neck
of the tube B by s rubber stopper. so the freez-
ing point tube was surrounded »y :n alr mantle. This
ensured a slower and more uniform rate of cooling of

the ligquid.

Througn the stopper in the neck of C there
passed a thermometor of the . n type.s This
thermometnr had a scale comprising 5° and divided
into hundredths of a degree but the guantity of
mercury in the column could be varied by means of
the mercury in the small reservoir at the top of
the fao By this srrangement the thermometer could
be adjusted for use with solvents a‘ widely
different freezing noints. A stirrer, S, was in-
serted into the small test tube. To insure freedom
of movement snd guldance to the stirrer, the lattar
was made to pass through & short plece of glass
tubing inserted through the stopper of the freezing
point bulbe.



Fifty cu' lc centimeters of the solvent were
measured out in a gradusated plpette and placed in the
test tube, snd the external bath was cooled to a few

feee below the freezlng point of the solvent., The
temperature of the solvent was lowered by taking it
out of the air jacket and lmmersing it in the freezing
mixture until 2 small amount of the solvent froze. After

[ %z 1t in the alr jacket, the liquid wes stirred
vigorouslys As there 1s an invariable undercooling
before the solvent 1s thoroughly mixed, the thermometer
would rise during the stirring until it reamched the
freezing voint. after whien it remalned constante.

Tiils constant Lemperature was then recordede.

The teal lube was taken out of the freezing
mixture and a welighed quantity of the substance
under conslderation was iguxogu;@d through the side
artie The s0lid was dissolved by stirring, all of
the frozen solid being sllowed to melt save a small
amount. After the tube had been replaced in the air
jacket, the temperature was allowed to fsll in order
thet the liquid may become slightly undercooled. When
the stirring began, the thermometer rose snd remained
constant for a short time, then slowly sank. The
maximum temperature was recorded and taken as the

freezing voint of the solutione



Raoult's75 Law stetes that," equimolecular quanti-
tles of different substences dilssolved in equal volumes
of the same solvent produce the ssme depression of
freezing point. Since s8quimolecular q uanities contain
the same gquanities 0° molecules, it 1s svident that
the magnitude of depression of the freezing point is
dapendent upoﬁ the number of dissolved units present
in the solution." From thils law, according to Findlay76,
it is poseible to detesrmine the molecular welght of the

dlssolved substance according to the forrmla:

where w regresavis the welght of the substance in
grams; W, the Q&ight ﬁf 4w rolvent; d, the number

of deg;ees of the observed depression and k, &
constant dependent on the solvent used. k indlecates
the lowering of the freezing point caused by dissolv-
ing one gram molecule of the substance in one gram of
the solvent. Since only two solvents, benzene and
acetic acid, were used the value for k for these

is 5120 and 3850 respectively.

75 Raoull, Gompt. rend. 104, 1430 (1887),
78 Findlay, loc. cit.




Findlay77 listed a number of precautions to whiech
attention was given.

(1) The temperature of the cooling bath must not
be too low.

(2) The amount of supercooling should not exce«d
0.3° to 0.5%

(3) Stirring should not be too rapid and should be
ags uniform as possible.

(4) The thermometer should always be tapped before
taking & reading.

(6) If acetic acld is used as solveni special
precautions must be used to prevent access

of moisture from the alre.

The above method can only Le employed when the
solute does not form an isomorphous mixture with the
solid solvent, i.e. only when the solvent crys sllizes
out pures. Abnormal molecular weights are obtained when
molecules combine to form a larger molecule, l.e. asso-
ciaﬁe in solution; er, when a molecule breaks down to
form smaller moleculese. If assoclation takes place
the molecular weight is much greater than that calcu~
lated from the chemical formula of the substance, or,
if dissoclation takes place the molecular welght 1is

smaller than that calculated from the chemical formula.

o7 Findlay, loce. cite.



-7“

Wearly all salts, bases and scids, which lonize in
aguecus s8¢ on, give abnormal molocular weights,

According te rmuay"‘. the degree of dissocliation
mey be caleulated in the following manner; If Grepresents
the degree of dusooutm.‘ and if n represents the mamber
of dissociated molooules (lons) formed from each molecule
of solute, then the relative inecreage in the mumber of
molecules {(or molocules plus long) in the solution will
be a8 1:1+(n.l)d. @g anéd dg represent the observed and
the theoretical (on the assumption of no dissociation)
depressions, whence |

dg _ 1+ (n-l)4
dy 1

or, do — dg(l+(nel}d )
a4, = dg—dy A (nel)
dgoi(n=1) = dg—4dg

— Go—dg

* = agln-1)

e Findlay, loc. cit.
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Ir Nt repr o the molecular weight calculated from the
observed oo snd My the moleculsr welght calculated
from the chemical formula,

it follows that=--~=--=-

o s N W
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TABULAR RESULTS OF DETERMINATION OF MOLECULAR WEIGHTS:=

TABLE NHO. I
Second Amt. of Grams of Solute Depression of
gomponent Solvent (Two Determinations) Freezing Point

| 1. d=Naphthol B&50cc. 0.4071 and 0.3125 grs. 0.159 and 0.123°

2. PB-Hanhthol §O 0.2617 " 0.2:31 " 0.119 " 0.109

3. p~Toluldine~- 50 l.3964 " 0.8624 " 0.712 " 0.667
o-nitrophenol A

4., p=toluidine- 50 1.1630 " 0.9361 " 0.827 " 0.666
p-nitrotoluene 5

5. Guanidine 50 0.1098 " 0.0936 " 0.038 " 0.035

6« Phenanthrene 50 0.4216 " 0D.2164 " D182 " 0.104

7. Dimethylanlline 50 0.1857 " 0.1113 " 0,097 " 0.055

A. "hese compounds include both the first and second
components.
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TABULAR RESULTS OF DETEREINATION OF MOLECULAR WEIGHTS :-

TABLE NO. II

Second K Wte Hole Vite A or Degree of
Compunent From Chem. Fornula Found Dissociation
— 439456 208.6 and 275.9'° .472 and.55780
20P°H&§h’th01 439456 261.8 " 23647 «641 " .837
Se p-Toluidlne§f~
nitrophenol 246.30 182.7 " 150.8 <346 " .835
4. p=Toluidine-p=~ 244.18 160.2 " 146.1 «524 " . 658
nitrotoluene
Se Guanidine82 554,62 206.5 " 189.86 +T1% © 70
6. Phenanthrene 473.66 263.7 " 246.7 790 M L0923
- ] 419.67 282.1 " 2l3.2 «889 " ,969

79 The moleculsr welghts found nnd tLhe degree of Alssocistion
are arranged according to the amount of solute used.

g0 Since the moleculer ratlo of the components in the above
compounds is 1:1, it is mssumed that n 1is = to 2 (n
being the number of dissociatlion molecules formed fron
each molecule of the solutes)

g1 These compounds were prepered by C. R. Alexander, (Thesis,
University of Tennessee, 1930). Both components are given.

g2 The additlon compound of pleryl chloride and guanidine
was insoluble in benzene; the solvent was acetic acid.
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According to Getman83 the value of o, or the degree
of diasociation, varies with highly ionized substances
depending on the concentration. From the above table the
amount of solute was different in each determination and
the degree of dissociation varied accordingly. Two
determinaetions were made with each of the compounds
listed on page 76 and the results show that as the

concentration increased g decreased in value,

The apparatus was checked by making & preliminary
determination of the molecular weight of naphthalcne,
Naphthalene, 1.4160 grams and 11,0835 grams, gave a
freszing point depression of 1.514° and 1.024° respective-
ly in 50e¢c of the solvent. Thus the molecular weights
were 126.6 and 123.4 for each determination. It 1s evident,
therefore, that naphthalene does not associate or dissoci-
ate in solution since & deerease in the number of molecules
(?ssociation), or, an increase of molecules (dissociation)

would give abnormal molecular weights.

Getman, "outlines of Theoretical Chemistry," John
83 wiley and Sons, New York, page 482 (1929).
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FOLUCULAR COMPOUNDS OF PICRYL CHLORIDE
NOT ISOLATED

It is sometimes very difficult to isolate
a molecular compound from its solution. This may
be either due to the fact (1) that the molecular
compound is a ligquid st ordinary temperatures or
{(2) that the affinity is so slight between the two
moleculegs that the molecular compound exists only
in solution. 83ince the color of the molecular compound
is usually deeper ti that of either component, one
can prediect the formation of molecular compounds by
this property. Again, the existence of molecular

compounds may be predicted by $he freezing polnt methods,

It is assumed that the following compounds exast
in solution: (1) picryl chloride-methylaniline,
(2) picryl chloride-p-aminophenol, and (3) pieryl
chloride-metoluidine, When picryl chleoride and
methylaniline are boiled in alcohol a deep red color
forms. The solution deposits a few red crystals which
correspond to the substitution compound. By repeating
the experiment in a freszing mixture bright-red needles
formed, but when placed in the ailr they readily decomposed.
The needles were placed in a tightly stoppered bottle and



w re left t0 remain in the freezing mixture, but
from the mixture they formed the substitution

compound picrylmethylaniline. Similsrl , nicryl
chloride and p- minophenol boiled in alcohol a
ed color appeared. At the temperature of the freezing
tlxture, scarlet cryst were chang . d
readily to the substitution compound, picryl=-p-
aminophenoles Efforts to determine the melting point
of the scarlet crystals were uns tisfactory. The
alcohollc solution of picryl chloride and m=toluidine

at first a dark color the possible
formation of s molecular compound, but the soluticn
soon changed to a light yell with the ‘n of
the substitution compounde.



POSITION OF £ CHLORINE ATO . TH-+ HOLECULAR
COEPOUN OF PICRYL CHLORIDE

It is possible to have either molecular
compounds of picryl chloride and amines or to have
the hydr chlorides of the substituted amine . Both
explanations are possible according to the analyse of
these molecular compounds. But the compound's properties

depend upon the formula which it possesses.

ir addition compounds of picryl chloride are
true molecular compounds, the chlorine atom should
firmly bound to the nucleus and not be precipiltated
by silver nitrate m in slcoholic solution. If the
chlorine atom is attached to the nitrogen atom loosly,
then 1t should be precipitated by silver nitrat in
cold aleohclic solution.

84

Kemm gives the following scheme of determining

the att chment of the halogen atom to the nucleus:

amm ,

84 pago



(1)s Water soluble compounds containing lon=-
izable halogen will react instanteneously,
even with agueous silver nitratee.

(2)« Water insoluble acyl halides, tertiary halogen
compounds, etc., react instantancously with

elcoholie silvaer nitrates

(3)e Primary and secondary halogen compounds in the
aliphatic series, sromatlc compounds with
nalogen in the side chain, react slowly with
alcoholic silver nitrate but falrly rapidly

on heating.

(4)e Aromatic compounds containing halogen in the

ring 4o not resct even unon heating.

1 if the chlorine atom is attached to the
amino group, it should be precipitated rezdily by =lcoho=-
lic silver nitrates, but if 1t 1s in the ring, ss in the

molecular gompounds, 1t should not react at all,

Ouly twe pyridine compound prepared in this inves-
[ gave a ~-ate with siiver nitrates The other

compounds were bolled with alcohollc silver nitrate but



no precipitation resulted. This indicated that the
chlorine atom is attached to the nucleus in all the

compounds prepared with the exception of that of

pyridine.



A DIBCUBSTION OF THE MOLECULAR COMPOUND OF PYRIDIKE
AND PICRYL CHLORIDE .-

As stated previously, Wedekindas isoclated a
molecular compound of plcryl chloride and pyridine,
having a ~ ratio of 1:1, from benzene solm-
tions of the two cormponents. The same compound was
isolated in this Investigation a benzens solution.
An attempt to form the compound from aleonlolic solu-
tions failed. Recrystellizetion resulted in the forma-
tion of the substitution compounde. Hodges86 stated thsat
ledekind's compound 1s an intermediate stage in the
formation of picryl pyridinium chloride, having a

a ratio of 2:1 and readlly lonizing to
form pileryl pyridinium plerate. Hodges' exact methed
of procedure was used in an attempt to prepare his
compound but only the compound isolzted by * could
be

The constibution of this compound must be different
from that of the other molecular compounds prepared in
this investigation. It gives a precipltate with :lecoho=

lic silver nltrete in the cold, whereas none of the other

& Aedekind, loc. cit.
26 Hodged, loc. cit.



compounds reacted similarly. Analysis by the sodium

peroxide fusion method the of chlorine as

7.72%, and analysis of chlorine by precipitation in an

alcoholie solution of silver nitrat ve 7.607

chlorine. Since the amount of chlorine determin by

both is the same, it is presumed that the chlorine
is ioniz resulting in the formation by rearrange-

ment of a complex salt .

ey Am. Chem. Soc. 52,
87 1939 (1930).



MOLECULAR COMPOUNDS AS INTERMEDIATES IN SUBSTITUTION
REA™™ fw=

BB, Michael‘g s Thieleeo~

It 1s the ides of Kekule
and Armstronggl that all substltutlion reactions are
preceded by the formetion of 1ntefmediata addition
compounds. #An attempt was made to bring about the
formatien of the substitution - from the
molecular compounds prepared in this investigation.

The compounds were refluxed in alecchol for about ten

hourse

As stated previously, the molecular compounds O
& =naphthol, SF-nephthol and dimethylaniline were refly..4
for about ten hours snd the substitution compounds dAd
not forme. In general the results were negative with

hydroesrbons and phenols.

Some of the moleculur compounds with amines fOYieg

the substitution compounds readily, splitting off hy@rge,

ey Kelule, Organische Cnerle, Vole II, pe 730 et Stg,
> Ferde. Enke., (12.7)
da See Henrich, Theerivs of Orge Chems., pe 569=570
1 John Wiley and Sons, American Edltion (1920)
30 See Henrich, Theories of Org. Chem., p. 33=75
John Wiley and Scnse
" on J. Chem. Scc. 51, 258 (1887)
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chloride. Piecryl chloride= A\ -naphthylamine needed

no refluxing, chenging in the air to picryl=- A-naphthyl-
amrine. The tendency toward substitution was so great

in the case of pleryl chloride and pgZ-naphthylamine that
the molecular compound could not be isolatede The coOlor
of the components in carbon tetrachloride indlcated an
sddition compound, but this deep color changed instan-

taneously to a 1 rede

It might be stated that the tendency of the
molecular compounde of plcryl chloride to form the
substitution compounds is muen more p among

amines than mrbona sand phenols.



SUBSTITUTION COMPOUNDE OF PICRYI. CHLOUIDE:~-

Thirteen substitution compounds were prepared
in this investigation, one of whieh was prepsred for
the first tine by the wethod employed. The substitution
compounds of »icryl & with (1) octenaphthylamine,
(2) p-rtarhthylamine, (3) aniline, (4) methylaniline,
(5) o-toluidine, (6) p=-toluidine, (7) o-phenylenediamine,
(8) p-aminophenol, (9) aiethyiam (10)
(11) p=nitraniline, and 112) m-toluldine were prepar d
by earlier investigators and described in the historical
pert of this theslise. The substitutlon compound of
picryl L - with (13) benzidlne was prepared for
the first timee.



TABLE OF PHYSICAL PROPERTIES OF SUBSTITUTION
COMPOUNDS OF PICRYL CHLORICK:=

ﬂ- P. l'li*P. MaPs GOIOI‘ and
Compound in Lit. Qbs. Cor. Cryst. form
1s Picryl-d-nsohthylamine 197-398%7% 193.4°  197.1°  erange-vea
erystals
2. Ploryl-f-naphthylamine 231=224"°  297.9 93543 Red crystals
3+ Pierylaniline 7.5 %% 17449 1777 Yellow
crystals
4. Plerylmethylaniline  108-110"° 107.8 109.0 Red crystals
96
5¢ Plicryl-o-toluidine 164 160.2 163.2 Orange
prisms.
97
6+ Picryl=-p=-toluidine 163«166 159.9 162.9 Orznge
needles
7. Pleryl-o-phenylenedi~ 177-178°C  173.2 17643 Dark-brown
amine crystals
8. Pleryl-p-aminophenol 17217377  173.2 177 .0 Orange
flakes
_ 100 § -l
9« Picryldiethylamine 1635-164 16246 1653 Orange
leaflets
101 :
10. Picryl-xylidine 158 154.2 17.6.8 Deep orange
red n=eedles
1ls Pileryl=p-nitraniline 214-216192 213.9 2172 Fine yellow
needles
12. Pleryl=-m=toluidi e 126105  128.2 131.2 Yellow
130 Crystals

183
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VePe Ns Pe NePa Color and
ijpound in Lit. Obs e Core. Uryeouse FOrm
13. Plerylbenzidine - 25149 2591 Reddish

Brown
als

““""EEEBEFEE“E"EET?iEton, Jes Cheme L0C. 0D, 504 (1906).

95 Bamberger and Muller, Ber. 33, 110=113 (190C).

94 Purpin, J. Chem. Soc. 59, 7IZ (1891).

o5 Puseh and Pungs, J. prEt. Chems 79, II, 546=554 (1909).
96 Kehprmenn, Ramr and Schrs jewskl, MI t. Helv, Chir. Acta,
e g2, 379 (1921).

- Tusch and Punge, loce cite

98 leeman and Granﬁmau gin, Ber. 41, 1305 (1908).

wedekind, Ber. 31, 1879 (189875

133 Romburg, Rece. tTavs chim. 4, 191 (1888).
101 Busch snd FPungs, loc. ecits
102 Austen, Ber. 7, 1248 (1874).
103 Leeman and Grnndmnugin, loc. clte.e As siated

previously, isemsn and Grﬂndmsugin prepared vleryl-m=-
toluidine which me at 126" . 8¢l. (Je Cheme Soc.
96, 564 1209) s ated that he formed two modifications
of picryl-m-toluidine, a mixture of yellow prisms which
melted at 130° and orenge red needles which melted at
163° Only one modification could be isolasted in this
investigation, the one corresponding to Dascl.! s com=
pound which melted at 131.2°




AUALYSIB CF PICRYL BRNBIDINES=

Sinece pieryl benzidine does not eontaln chlorine
analysis was sade for nitrogon using the modifi=
Ejeldahl sethod whleh has been previously dlscussed.

Pieryl tenszidine: Caleulated for nitrogen,
15.85%+ Found 15.85. and 15.71%.




NOTE ON PICRYL CHIORIDR:=

Bi.uylo‘ stated that 2, 4=dinitrochlorobenzene is

a mild skin irritant, since continued contact with 1t
produces blisters accompanied by intense itching. Pleryl
chloride produces the same effect ns the compound de-
seribed by Hiseye ~fter a woek no Injurious effect:
wore notloed, but after teo weeks deep bLlisters formed
under the opm:prmis snd the itchlng wes intense uatilafter
a few daye when the epldermls peeled off. If the
chloride cores in contact with any other portion of

the body the pain 1s more severe than that of the hands.
Purthermore, picryl chloride colors the skin a deep
yellow end esanot be entirely removed by any solvent.

W, ahns Thesls, University of Tennessee,

104 De (1987




PART ¥

THYORKTICAL DI5SCUSS ION
I. Theorics of Formation of Molecular Compounds.

¥any theorles have been advanced relstive to the
possible formation of moleeular compounds. These theories,
however, do not, in all cases, explain satisfactorily the
various forms of linkege of molecular compounds, Fach
theory may be appliceble te a special cese, but as yet.
10 one theory can be spplied to the entire field of
molecular compounds, These theories are divided into three
generel divisions; (1) those based on the idea of pertial
valence, (2) those based on principal valence, and (3) the
¢leetroniec theories of valence, The first theory is
supported by Thiele, Norris, Wermer, and Pfeiffer; the
second by Kendall, eand sudboroughs the third by lLewis,
Sidgwick end Bennett snd Willis, A brief dlscussion of
each theory will be given.

A. Theories of Partial Valence,

m.n"“ﬁ. in 18909, st-ted that the scuree of

_M‘mm—m—mu (1859); Ann.

506, 87-142 (1899),
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additive capacity of a cowpound was to the incomplet
absorption of the combining energy of e double bond

®, ACCO to the above theory this left p rtial
valeney . . affinity on each carbon atom. Thiele?
idea may be 1illust ate by the example, in Fig. A

and

Fig. B

In eins of double bond typ in P1 . A, the carbon

atoms near the center become 1lnactive due to mutual

compensation. The carbon ato t the end remain free
nd the addition takes place at those e« Thiele's
idea is alsc applicablelo6 to formula for
benzene as 1s shown in Fig. B. conjugated system

of the benzene ring exerts 1ts additive possibilities by
the xercising of the partial valencles,

Korr13107 su ested that the formation of moclecular
compounds -'as due to the sexisting latent affinity or
residual energy which resides in each atom of the
components. He gtated every element contains
Advences in Organic Chemistry",

it Longmenns, Green and Co., New York, 4th. 1920, p. 10-13,
107 Norris, J. Chem. Soc. 702 (1916).



definite amount of chemical energy which undergoes
pertial transformation w . the element enters in
combination with another element. The amount of chemical
energy the resulting compound determined by the

a ount energy trans in formation,

raesldual energy, hich is still pr sent in the atoms,
mekes it sible for the wolecule to unite either with
additional stoms or molecules to form molecular

compounds .

fernrrloe re rded th olecular pounds of
nitro=-bodies and hydroc as being formed by the
» turation of the residusl affinity bet een the nltro
groups and the uns turated carbon atoms. The following

formula his type of linkage:

R(‘Eoz)r..,...o.o.o-'OO‘Gn

Pfeifferlog supported the views of Werner as to
the for ation of moleculas compounds of nitro-bodilecs

with ines, phenols, and phenol ethers. He contended

r.
igg "organische liolekulverbindungen,"

nke, 1922, 2nd. 'd. p. 221.



at the color of molecular compounds is deepened

the introduction color uch " " oop
%o a 1f the link g is through these groups the
color properties € lost. 8ince the color of molecular
compounds of nitro-bodles with a is so pronounced
he concluded thet the affinity must therefore ccme from

unsaturated carbon atomg of nucleus. rner110
agssum @ th t the collective affinity of the unsaturated
carbon stoms is ex rted by a single atom in each component.
Pfeiffer differed fro rn.rfs views in he believed
th-t the energy of the carbon atoms 1s radiated
through the "polyatomiec valence field ith each olecule

as center.,
B. Theorie of Principal Valence.

Kendalllll in his attempt to explain the formatiocn
of molecular compounds advanced the oxonium theery. Accord-
ing to hi theory, moleculer co. pounds are formsd only
the acidic a gths the wo components are widely
different. To 1llustrate, a strong acid and eak phenol
111 probably form a compound, but ek acid and a
strong nol will probably not. stated that a true

130 loc. cit.
111 - ndall, J. Am. Chem. 1222, 1722, 2 98 (1914);
éz, 149 (1915); §§, 1309 i



oxeninn salt is forwed ss & result of the molecular
neutrslizetion which may be represented Ly the eguations

P— 0 —8 4 Wm—— B—p—7"
H X

In the case of phenols he suggested that s tautomeric
Quinoidal struocture is possible, end that the molecular
compound is forzmed through the phenolic oxygon which is
potentially ouadrivelent,

fudborough and uemlm have suggeated that the
formation of @& molecular compound wea due to & shifting
of the benzenold structure to the quinoidel form ee is
indicated bLelows ‘

The shift to the quinoldel form, it was thought, was
regponsible for the intensificetlon of color which
usually sccompanies the foraation of wolocular cowpounds.

T TaTteTougn anT FIGEoR, J. Chem. foc. 99, 1, 5635 (1906).
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and Heapu:5 followed t e suggestion of

114

Sudborough and Picton and ave to the nitro-body

a2 quinoidal structure 1ith the formation a ”

group which 1s represented as follo

=NOH
NO,, NOg
C. The Conception of Valence,
wislls, 1918, his discussion nd

the molecule, stated that the cau e of chemical combina-
tion was the redistribution of the electrons among the
atom ceusing a wore stable combination. maintained
that an electren could shared by two atom in such
as increase the stabllity of both. This
enable a smaller number of sl ctrons to do the work of
larger number., According to Lewis! theory 1t is
po sible to distinguish ween inorganic (polar) and
anic (non-polar) compounds. Non-polar linkages w
are due to the sharing of ele arise n one or

the other of (o)

Am. Chem. Soc. 48, 3168 (1926).

%ii Plcton, loe. cit.
wi > e Chem. Soch -3_8., 762 (1916)1

115
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l. One electron may be contributed by each atom,

the so-called normal covalency, as

D°4o6——> D J C or D—C
2. electrons may be contributed by the same
atom, the so-called co-ordinate covalency, as
D3+¢c—> Do CcorD—C
According to Lewis hydrogen may, in some instances, be
bivalent. It 1s possible for hydrogen to pocssess the
two types of covalencies simulteneously.

sidgwickll®

has applied to the Werner complexes
the ideas of Lewis. He found that these idsas could
be successfully used in explaining the existence of

these complexes,

Bennett and wil1is117 nave propoéed formulas
for the compounds formed between nitro compounds and
amines and hydrocarbons. These Investigators assumed that
the union takes place by means of co-valent linkages

and that the nitro is the of attachment in

11¢ Sidgwick, "1he Eklectronic Theory of Val-nce," Oxford
6 university Press, lst. Fd. (1929) p. 116.
117 Bennett and Willis, J. Chem Soc. 256 (1929},



nitro compound., The following scheme represent
an ine nitro compound, the amine being the donor

and the nitro compound the acceptor:
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II. Theories at olecular Compounds ere Inter-

mediaste 1n th ormation of Substitution Compounds.

The 1dea that reactions between organic compounds
ar due to an attraction between molecules resulting in
an initial combination is not new, Kekulelle, 1867,
stated that "in any chemic 1 action the two rescting
molecules sre first drawn together by mutual exerclse
of chemical affinity and then ultimately become attached
to each other, this closeér agsoclation, individual
atomic attractions make themselves felt, 1ith the re ult
that atoms had previously been present in wo
different molecules come into very close proximity.

Such arrangement may finally lead to the disruption of the

complex and the formation of entirely new molecules."

Pfeifferllg

stated that addition compounds
intermediates to the formation of substitutio. compounds.
Reddelienl®0 extended Pfeiffer's vie s on © C=0 group

to substance containing such groups a C=N— nd

118 Ferdinend “nke, Stuttgart,
Vol. II, p. 730 (1867).

119 Pfeiffer, loc. cit.
Reddelien, J. pr. 81, 213 (1915).
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121

Cuye and also Schmidlin and Lang122

stated that
substitution reactions are preceded by the formation

of addition compounds., The latter investigetors studied

the reactions of various phenols with acetone in the presence
of & condensing sgent without the use of heat. By this
method they prepared addition compounds which passed

readily into the corresponding condensation products.

183 found that the addition

Sudborough and Picton
compounds of pieryl chloride with o and /anaphthylamines
readily lost hydrogen chloride and formed the substitution
products. The reaction counld not be reversed by bolling
the compounds with hydrochlorlc acid. represented the
addition compound by giving it the quinoid structure.

This structure readily loses hydrogen chloride and

changes into the condensation product, thus:

9
«
A —0H

3]
b
05N Ce 5> HCL - 0N

121 ~_ye, &. cnim, phys. 8, 119, 189 (1910).

122 Schmidlin and lLang, Ber, 43, 2808 (1910).

" Sudborough and Picton, J. Chem Soc. 89, 583 (1906).
23 -y



s 'rcellino and c-urtim4 isolated a fairly
stable addition compound of trinitrosniscle
piperidine from alecoholic solution. The substitution
compound, pieryl plp as formed by boiling
the‘additlon compound in alecchol containing sodium
carbonate. These investigators followed the 8-
tion of Sud orough and Pictonl®4 and repregsented the

addition compound having a quinoldal

124 Gaz. 50, 300 (1920).
_ Sudborou and Picton, loc. ecit.
125
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III. Application of the ories to © Compound

Prepared.

compounds prepared in this inve tigation
a one-to-one ratio which can be best explained upon
the bas of a union of & co-valent type een atoms.
1so0, according to Bennett and %11113126, the c¢olor of
the molecular compounds indic tes this type of combinae

tion.

low melting points of the molecular compounds
indicate a loose linkagelzv, is edditional evidence
in support of the electronic conception of combination.
In most case the melting point the compound was

lower than that o either component.

According to Alexander128 the number "Nog"
seems to influence compound formation. His idea 1s borne
out in this investigaetion. The lite search indicated
fifty-one addition compounds. Three new compounds ere
isolated in this in estigation msking a total of fifty-

126 100. Cj.t. po 2560
127 Sidgwick, loe. cit.nlOS,
128 Alexander, C. R. Thesis, University Tenne e (1930).
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four molecular compounds chloride., &in,
the large numbeér of addition compounds of plcric acidleg
gives additien 1 evidence in support of the above idea.

hler, Hisey nd Wo0dl30 gtated at 2,4=-dinitrochloro-
and 2,4-dinitrobromobéenzens with pyridine n
ddition compound of te porary exi tence only. Re -
ment formed a complex salt, the h lide atom being
quantitatively pr cipitated with silver nitrate.

following sch was used to represent this compound:
+

The compound of picryl chloride and pyridine supported

the theory advanced by se inve t1 tors. Since the
chlorine was precipitated by silver nitrate, it

evident that the 88X 8 1t lonizes re dily in solution.

In this investi ation -olecular compound of picryl
chlorid ith hydrocarbons, ine , and phenols were
prepared. Of the theories set forth, in an attempt to

expl in the link of wolecular compounds, the most

129 ery, ¢, University Tenn ssee (1926).
Buehler, Hisey and oo0d, J. Am. Chem. Soc. 52,
130 1943 (1930).
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applicable is the eleetronie. As representatives of these
classes of compounds, naphthalene, O-naphthylamine and
X=naphthol formed the most stable eddition compounds.

An attempt will be made to represent the linkage
of the above compounds by meens of the co-ordinate
covalence idea., The formule below repréesents the type

of linkage between picryl chloride and naphthaleneg

o1

N o 4 CH CH
O2 N:0:H:C CCH
HC CH

{eP CH CH

The hydrocarbon compound is the donor asnd the nitro
compound is the acceptor. The addition compounds

with hydrocarbons did not loseé hydreogen chloride to form
the substitution compound as in the csse of the amines.,
An sttempt was made to form the substitution compounds
by refluxing in alcohol but the results were negative,

The type of linkage of amines with pleryl chloridse

may be illustrated thus:
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1‘102

The amine 1s the donor and the nitre compound 1s

the scceptor. The above complex was not stable with

the more basic amines due to the fact that . was
] with oné of the hydrogens of the amino

group. The following scheme represents the formation of

the substitution compound:

-+ H;¢i2

NOo

The type of linkage of phenols may be represented

by the following complex arrangement:

27 .50
02N (" \:N:0:H:0:R

I. 02
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PART VI

SUMMARY

1. The literature search revealed fifty-one
molecular compounds and seventy-three substitution
compounds of pieryl chloride. A total of sixteen
addition compounds was isolated in this investigation.
Three of these, \-naphthol, [2-naphthol, and guanidine
with pieryl chloride, were prepared for the first time,
fhirteen substitution compounds were prepared and of
these, one, plecrylbenzidine, was isolated for the first

time,

2. The compounds were analyzed for chlorine using
the sodium peroxide fusion method. The substitution
compound was anaslyzed for nitrogen using the modified

Kjeldahl method.

3. An endeavor was maede to determine the molecular
weights of some of the compounds by the freezing point
method. The compounds disgociated in solution, the degree

of dissoclation decreasingas the concentration increased,

4. The theories that have been advanced for thse



formation of molecular compounds were di cussed.

5. 1lectronic formula ere propoged for the
linkage of d@rocarbons, ine , and phenols with

pleryl chloride,
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