
TJmTIARY AMMONIUM Cm.ORIDES

.A. PROBLl!H IN ORGANIC QUALITATIVE ANALYSIS

A Thesis

Presented to

the Faculty of the Department of Chemistry

Wisconsin state University-La Crosse

In Partial fulfillment

of the Requirements for the Degree

Master of Science in ltiucat10n

by

Robert Paul Christeck

July 1968



WISCONSIN STATE UNIVERSITY AT 11 CROSSE

GRADUATE COLLIDE

Candidate: Robert Paul Qhr1steck

We recommend acceptance of this thesis to the Graduate College in
partial fulfillment of this candidate' s requirements for the degree
Master Of Science.

Thesis Committee Member

nate

Y. )tJJ Jf_f......JJ__
~ 'Date

-U 30, /,Ptb'iP
Date

'-....

This thesis is approved:for the Graduate



-------

iii

The author is deeply indebted to Dr. Gerald V. Rausch

who suggested this research projecto His advice, encour­

agement and help in this project w:Ul always be remembered.

and greatlJ" appreciated..



",--/,'

TABLE OF CONTillTS

CHAPrER PAGE

I o STATmmNT OF PROBLIH 0 • • • • 0 • • • • • 1

Solid Derivatives are Used in Organic

Qualitative Analysis 0 • • • 0 0 • • • • 1

Derivatives of Tertiary Amines • • • 0 • • • 1

Discrepancies in Melting Points of Tertiary

Alaine Hydrochlorides • 0 • • • • • • • • 2

The Problem • • • • • • • • • 0 • • • 2

II. REVIEW OF THE LITERATURE • • • 0 • • • • • • 3

The Use of Pure Reactants to Produce

Pure Products • • 0 0 • 0 • • • • 0 • 3

Purification of Organic salts • • • • • 0 • :3

Description of Heating Rates for

the Melting Points 0 0 • • 0 0 • • • 0

Drying the Hydrogen Chloride with Sulfuric

A.cid and Calcium Chloride • • 0 • • • 0 0 4

Previous Work Attempted on .lnalysis of

Tertiary .Amine Hydrochlorides • • • • • • • 5

Variations in Melting Point on Reh.eating • • • • 7

Sulfuric Acid or Sodium Chloride as a

Source, of IIlpurities 0 0 • • • • • 0 • • 7

Specific ProbleM of Checking for Sulfur Trioxide 0 8





>~
vi

CHlP1'lm PAGE

B-1 Diethylaniline Hydrochloride 0 0 • • • • J6

Triethylamine Hydrochloride • • • • 0 • 0 0 J6

Tributylamine Hydrochloride • • • • • • • • J6

Tribenzylamine Hydrochloride 0 0 • • • • • J6

V. SUMMARY • 0 0 • • • • • • • 0 0 0 • 0 • 37

FOOTNOTES • • • • • 0 0 0 • 0 • • • • • 0 • • 41

BIBLIOGRAPHY 0 • 0 0 • • • • 0 • • • • • 0 • • 44



'-....-.

LIST OF TABL!S

TABLE PAGE

I o student ATerage Values for Melting Points

of Aaine aydrochlorides • • • • • • 0 • • • 6

II. Melting Points of liapure lJIine H1drochlorides,

PrftPU8d by Direct Addition of Hydrogeft Chloride 0 12

UI. Melting Points of Iapm-e ·.bdne Hydrochlorides,

Prepared by a Single Gas Washer 0 0 • • • 0 • 16

IV. Tertiary Aaine Sultonates • • 0 • 0 • • 0 • 2)

Vo Tertiary Mine Hydrochlorides, Prepared with

Pure Hydrogen Chloride • • • 0 • 0 • 0 0 • 2';

VI. Discrepancies in Literature Melting Point Values • • 28



LIST OF FIGURES

FIGURE

1. Temperature Dependence and hount of

Barium SUlfate Precipitated • • •

2. Diagram of Apparatus Used in the

Production of Pure Mine Hydrochlorides

• o

•

•

•

•

•

•

o

PAGE

13



CHAPrER I

STAT~T OF THE PROBLEM

In organic qualitative analysis, identification of different

organic compounds is accom.plished by meticulous preparation of

various derivatives o Each derivative sbould be easily and quickly

made and is usually' a solid because the solid is easier to isolate

and purify in small amounts. The melting point of a solid is more

accurate and easier to determine than is the boiling point or a

liquid.

In the usual organic qualitative analysis course, tertiary

amines are identified by conversion to a solid salt. The usual

derivatives of tertiary amines are the quaternary a.JIlIoni'WI salts

formed qy the reaction of the amine with methyl iodide, methYl-p­

toluenesulfonate , or benzyl chloride. The salts of halogen acids,

picric acid, or chloroplatinic :may also be employed as derivativeso
1

Unfortunately not all tertia~ &mines respond favorably to reactions

with the various types of derivatives to produce a reliable product

with an accurate JIlelting point. A student is treq_t1y required

to prepare a nwaber of salts before a single sharp .elting derivative

can be obtained.

We were especially interested in the reaction between a

tertiary amine and hydrogen chloride because a simple salt results

from the direct union of the amine and the gaseous substance.

The observed melting point for some tertiary amine ~drochlorides
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varies. For example. I-I diIletby'laniline hydrochloride reportedly

melts at 70-75°0 2 and 85-95°C JoIn this study an attempt was

made to define the factors causing inconsistent melting points and

problems complicating the preparation of pure amine hydrochlorides.

2



R&VIDI OF THE LITlmlTURE

In organic qualitative analysis, we are interested in

obtaining the purest possible derivative tor an accurate ulting

point. It is iapOrtant to use the purest tertiary amine and

hydrogen c~oride available in order to obtain a ,pure salt.

Hydrogen chloride gas is co_only' produced by adding concentrated

sulfuric acid to dry sodium chloride and is then directly' passed

into an amine solution in ether. The resulting salts are insoluble

in this solvent and precipitate quantitative1.y.4 ~.tfis

not commonly attemPted with amine salts because pure crystalline

products supposedly are t~rmed and recrystallization ot hydrochloride

salts is usual.ly difficult. If iapurities are present in the aaine

hydrochloride they will produce variations in the Dlelting point.

It has been cited in the literature that melting points ot

the hy"drobroJaide and hydrochloride salts of tertiary amines are not

particularly suitable since these salts melt with decomposition at

temperatures that are often dependent on the rate ot heating•.5 A.

number of amine hydrochlorides may be obtained by passing dry hydrogen

chloride into an ether solution ot the uaine.6 It the bydrogen

chloride gas is not properly dried, the gas could contain SODle water

vapor which could combine with the aaine hydroohloride as a hydrate

and lead to errors or discrepancies in the melting point. Old
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literature re:l'erences lUggest cbJIIc the hydrogen chloride gas by

passing it through either a concentrated. su:J.£uric acid bath or

anhydrous calcium chloride.

The production of hydrogen chloride gas was obtained by the

addition of concentrated sulfuric acid ~ sodiUJll chloride. The

gas was bubbled into an ether solution containing a 5 to l~ solution

of the amine. This m.ethod was emplo7ed by a group of students in

a freshmen chemistry class at this university. The following

equation describes the procedurel

HCl

This method was found to be undersirable because a poor terti&l7

amine hydrochloride derivative was produced. The students found

discrepancies as large as 200e between their melting points aJXl

recorded literature values. The hydrogen chloride gas was then

dried. by passing its vapors through &Ilbydrous calcium. chloride.

The students still failed to prepare a tertiary amine hydrochloride

derivative with an accurate melting point.

For each amine all the students used identical starting

materials frOJi the same reagent bottles. yet the observed m.elting

points ranged both above and below melting points recorded in the

literature. Twelve students were origina.lly involved in the special
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project of the analysis of aaine salts. They found variations in

their melting points which ranged. approx1.ma.tely IOoC froll the average

value. The student variations in Dlelting points or amine hydro-

chlorides are listed in Table I.

It was originally proposed tnat th.e aaines must contain

iDlpurities or be isolated in various hydrated forms. This led.

Mr. John storlie and Mr. Jues Olson of this departaent to investigate

the discrepancies in the tertiary uine b7dr0chloride m.elting points.

They investigated the possible hydrate formation of 2-picoline

hydrochloride since its melting point disagreed. about SoC with the

accepted value. The 2-picoline ~drochloridewas produced by

bubbling freshly generated. dried hydrogen chloride gas through a

5~ solution of reagent grade 2-picoline in anhydrous ethyl ether.

The 2-picoline hydrochloride was dried for 48 hours in a vacuUJI

dessicator at 10 torr.

As established by aqueonstitration with sodiUll hydroxide to

a phenolphthalein end point, average purity of 2-picoline hydro­

chloride was 99.8~ before melting and 99.7S</' ai'ter melting with a

standard deviation of 0.08%. Ultraviolet absorption spectra were

run on samples of 2-picoline hydrochloride with a Beckman Model

DB spectrophotometer at a concentration of 7 mg./IOO ml. of ethanol

before and after melting. MOlar extinction coefficients were

identical within experimental error. They could not determine or

locate any impurities which might have explained the discrepancies

in its melting point. This procedure appeared to provide no
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TABLE I

STUDDIT AVJ&AaE VALUIS FOil HlLTDll:
. POIHTS OF AMINE HIDROCHLORIDBS

Tribenzyludne
Hydrochloride

2-Pico1ine
Hydrochloride

N-I.Dimethylanlline
Hydrochloride

I-If Dietbylaniline
Hydrochloride

2)1-2)1°0 2)4 °0

74- 77 75.5

97-120 ill

148-1,54 151

Literature
YMINOe

80 (8)

10- 15 (9)
85- 95 (10)

1;8 (ll)
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experiaental explanation for the variation in the melting point.

The possibility of a hydrate t"ormation does exist for soae

tertiary amine hydrochlorides; tor example t pyridine and quinoline

hydrochlorides are very hydroscopic. This could explain discrepancies

in the observed melting points of soae tertiar1' aaine hydrochlorides.

I.t was observed that the student could repeat the experiment

under identical conditions, by bubbling the dried hydrogen chloride

into the particular amine solution and still obtain variation in

the hydrochloride melting pointo This would indicate that the aelting

point of amine hydrochlorides are dependent upon the individual

technique ElUployed by a student. .l new .elting point was obtained.

each tillle 1...1 dillethy'laniline hydrochloride was producedo This

would indicate that the rate of hydrogen chloride production could

lead. to 801l1e variation in the Dlelting point of tertiary axtne

hydrochlorides. The students also observed that successive melting

points often varied when a given sample was melted repeatedly0

This would indicate either deC01Ilposition or volatilization of some

impurity contained in the hydrochloride derivative.

We concluded the possibility that sOlie 1Ilpt1r1ties other than

hydrates. est exist in the amine hydrochloride salts to explain

the variations in melting points. If the tertiary amine hydrochloride

salts contain impurities, they might originate in either the sodi..

chloride or sulfuric acid. The sodiWll chlorid.. could contain soa.

carbonate impurity which could be released by the addition ot

sulfuric acid. The sulfuric acid could react with the carbonate,
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producing carbon dioxide gas. which could possibly react with

the: tertiary amine. The likelihood of any carbonate impurities

is small because carbonate salts are unstable under the acid conditions

found in the amine solution. The only other possibility is that

the sulfuric acid must decompose when it reacts with the sodium

chloride. The equilibrium between sulfuric acid and water and

sulfur trioxide is well known in the contact process for sulfuric

acid:

+ so)
\

\

The reaction as written is extremely exothermic. Hydrogen chloride

is released from the sodium chloride and sulfuric acid in an

exothermic reaction which could lead to local hot spots and possibly

generate sulfur trioxide.

>. +
If sulfur trioxide were produced by some hot spots within the sodium

chloride, then a tertiary amine sulfonate could result. SUlfur

trioxide is kno'fJ'l to produce a highly polar , salt-like amine

sulfonate on reaction with tertiary amines,12
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If a mixture of a tertiary uaine hydrochloride and a tertiary amine

sulf'onate did result, it would explain the variation in the melting

point for the salt. ... SJIa1l Dount of the amine sulfonate would

not greatly affect titer on analysiso (See page 5.)
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RESULTS AND CONCLUSIONS

The technique eDlployed. to identi.fy the sulfur trioxide was to

use a saturated solution of bariua chloride and to pass the hydrogen

chloride into the solutiono If sulfur trioxide were present an

insoluble precipitate of barium. sulfate would result. The barium

chloride test proved conclusively that a slight amount of sulfur

trioxide was generated by the reaction of concentrated sulfuric acid

upon sodium chloride.

It was determined. that rapid additioR of sulfuric acid to dry'

sodium chloride without drying the hydrogen chloride vapors would

imIIediately result in a chemical reaction between the vapors and

the saturated bariWl chloride solution. It was observed that a

white insoluble precipitate would imIlediately appear as the hydrogen

chloride was passed into the bariWD. chloride solution. The

precipitate was identified as bariUJll sulfate. It must be concluded

that SOlle of the concentrated sulfuric acid decomposes into water

and sulfur trioxide upon addition to dry sodium chloride. Slow or

rapid addition of concentrated sulfuric acid to dry sodium chloride

would result in various amounts of sulfur trioxide as detected by
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the presence of different aJlounts of barium sulfate precipitate.

We proceeded to see what effect the untreated hydrogen chloride

would have on the amine solution in ether. We employed. the rapid

addition of concentrated sulfuric acid upon dried sodiwa chloride

and passing the ~drogen chloride d1rect~ into a l~ solution of

the amine in ether. The resulting mixtures of aaine hydrochlorides t

amine sulfonate, and hydrates gave very unreliable melting points.

The melting point of triethylamine hydrochloride varied fro. 225°0 to

240°0 which is approximately' 300 e fro. the reported literature

value of 2.54_255oe.13 Kelting points of other Ilixtures of aJline

sulfonates and hydrochlorides that were prepared by the rapid addition

of sulfuric acid to sodiua chloride and the passing ot undried

hydrogen chloride gas are given in Table II.

It was discovered that bY' heating the mixture of sodiwa chloride

and sul:t\1ric acid, the observed reaction rate increased, resulting

in a larger amount of bari'Wll sulfate precipitate. Heating would

serve to shift the equUibriwa between sulfur trioxide. water and

sulfuric acid toward a greater amount of sulfur trioxide. Figure It

page lJ. describes the approximate relationship that exists between

temperature and sulfUr trioxide production. The graph was obtained

bY' quantitative observation on the amount of barium sulfate

precipitate formed from. the reaction of sulfur trioxide and barium

chloride. The concentrated sulfuric acid was rapidly added at room

temperature to the sodium chloride for a period of five minutes.

Approximately one em. of barium. sulfate precipitate was formed in
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TABLE II

Hlt.TING POINTS OF IMPURE AMINE HYDROCHLORID~. PREPARED
BL" DIREm ADDITION OF HYDROOIN CHLORIDE

eompound Observed Literature
value °c Value °C"

Pyridine
144•.5°C(14)Hydrochloride HTgroscopic

Quinoline
(1.5)Hydrochloride Hygroscopic

I-I Dimetbyla.n1linE:t (16)Hydrochloride Oil as.. 95

N-N Diethylaniline
(11)Hydrochloride 120_130°0 158

Tributy1amine
(18)Hydrochloride 230-240 256-257

Tribenzylamine
(19)Hydrochloride 200-210 227-228



o
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the flask used. The identical procedure was repeated except the

mixture of sulfuric acid and sodium chloride was heated at 60°C for

rive minutes. The barium sulfate precipitate increased approximately

to 2 emo The rapid addition of sulfuric acid was repeated again

but the mixtl1re of sulfuric acid and sodium chloride was heated

at 100°C for five minutes. The barium sulfate increased again

approximately to J CJlo The barium sulfate precipitate steadily

increased as the temperature was raised. Therefore the amount of

barium sulfate formed must be related to the amount of sulfur

trioxide generated.

The following are suggestions that were employed to prevent

the production of sulfur t~ioxide in the preparation of amine

hydrochloride derivatives. As described in the chemical literature

-drying or scrubbing· gaseous hydrogen chloride with concentrated.

sulfuric acid or anhydrous calcium chloride will remove most

impu.rities.

It was discovered that scrubbing the h3drogen chloride gas

with a single gas washer filled with concentrated sulfuric acid

was ineffective because on testing a slight precipitate of barium

sulfate was formed. It was observed that rapid addition of sulfuric

acid to sodium chloride and passing the hydrogen chloride gas

through a single gas washer produced various amounts of barium

sulfate when tested with barium chloride. Even alow addition of

sulfuric acid to sodiu chloride produced a very slight amount of

bariUlll suJ..fate when tested with barium chloride.
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The procedure of scrubbing hydrogen chloride with anhy­

rOUB calcium chloride was found to be less sffective in

eliminating sulfur trioxide than the method of using a single

gas washer.

We prepared some i.Jlpure aaine hydrochlorides by passing the

hydrogen chloride gas through a single gas washer 0 The sulfuric

acid was added very rapidly to the sodiUJD. chloride causing the

fiow of a large amount of hydrogen chloride gas through the gas

washer into the amine solution. This resulted in some iJlplre

udne hydrochloride derivatives contuinated by sulfur trioxide

as described in Table III. This contamination could account for

the differences in the melting point of various amine hydro­

chlorides that were prepared by the students in the freshmen

class.

It was observed that the depth of the sulfuric acid scrubber

was an iDlportant factor. If only J CIl. or 4 'ca. of concentrated

sulfuric acid was placed in the gas washer a larger amount of

barium sulfate was produced. than when a depth of 15 Clll. of

sulfuric acid was used. Therefore the Blost effective eleanser

of ~ogen chloride gas is a deep gas scrubber filled with at

least 1.5 cm. of concentrated sulfuric acid, providing that the

addition of sulfuric acid to sodium chloride is done carefully and

slowly. For the greatest reduction in sulfur trioxide. two scrubbers

in tandom filled with concentrated sulfuric acid were preferred
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TABLE III

MELTING POINTS OF IMPURE AMINE HYDROCHLORIDES,
PREPARED BY I. SINGLE GAS WASHER

Compound ObserYed Literature
Value °c Value °0

Triethylamine
248_2500C 254_25,oC(20)Ib"droehloride

Tributylamine
(~l)Hydrochloride 251-253 256-251

Tribenzylamine (22)Hydrochloride 220-223 227-228

X-I Diethylaniline ~4

(23)HYdrochloride 150-15.5 158
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to a single unit.

Another observation of the concentration of sul.f\1ric acid that

can react with sodiUII chloride was aade. If the concentration of

sulfuric acid was varied. to a DlOre dilute solution this h.elped to

prevent sulhr trioxide production. It was .round that the greatest

reduction of sulfUr trioxide was attained with. use of )0 I sul.f'ur1c

acid instead of concentrated sulfuric acid.

The best technique that was utilized. for the production of pure

hydrogen chloride was to slowly add 30 N sul.t\tric acid to reagent

grade SodiUll chloride. This reaction procluced hydrogen chloride

gas which was then passed through two 1.5 Cll. deep sulfuric acid

scrubbers to remove vater and sultu.r trioxide. The product was

tested for the presence of sul:tUr trioxi.d~ by passing the hydrogen

chloride vapors through a bariUJll chloride solution. 10 precipitate

of barium sulfate was foraed.ind1cating that the hydrogen chloride

must be tree of sulfur trioxide.

Another technique used' to generate hydrogen chloride gas was

to mix concentrated. sulfuric acid very slowly with concentrated

hydrochloric acid. This method had to be done very carefully

because the concentrated sulfuric acid cenerateda great deal or

heat on dilution with concentrated b.y'drochloric acid. The heat

eYolv~ drove the ~uilibrium. between sulfuric acid and ~ul£ur

trioxide and water toward. more production of sulfur trioxide. '

Testing with bariUII chloride solution revealed that the gas generated

contained more sulfur trioxide than when the hydrogen chloride gas
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was generated from sodiu chloride.

To prevent the possibility of any sulfur trioxide iIlpurities t

it is best to use a commercial gas bottle filled with hydrogen chloride

guo When tne hydrogen cb.loride gas is passed. into the udne solution

no sulfur trioxide contaJlination will occur.

We proceeded to }rove tb.e formation of tertiar,y &II1ne sulfonate.

under experimental conditions. The method. used to produce a tertiar)"

uine sul£onate was to heat twa:1.nc sulfuric acid to release sultar

trioxide which could react with a l~ solution of tertiary 8ine

in an ether solution. The result in .ost ca.ses attempted. was the

formation of an insoluble tertiary Uline sulfonate salt. The uaine

sulfonates are crystalline solids having low solubility in bensene

or ether. They have typically higher melting points than the

corresponding amine hydrochlorides ''iCl1ch might account for, the

aelting point deviations both above and below the valu.es recorded.

by others.

A. series of amine sulfonates were prepared as in the manner

previously cited. The following chemical reactions describe the

various tertiary amines that were used to identii'y the presence of

tertiary amine sulfonates. The melting points of amine sulfonates

within experimental error are given in Table IV. page 2).



19

CH)

~lI$~S~

2_Pi.coline

Qninoline

)1... DiDlethylanUine

}!-N DiethYlaniline

Triethyluine
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Tribut,,1aDli.ne

>

Tribenzylamine

+ SOJ

We have suggested a new method of generating h7drogen chloride

gas by reacting JO » sulfuric acid with sodiua chloride and by

scrubbing the gas with dual gas washers to reDlOTe water and

iIlpurities. We tried. to produce tertiary amine hydrochloride salts

bY' passing the scrubbed hydrogen chloride with dual washers into a

l~ solution of the Uline in ether. This method proved. to be very

successful since we were able to generate seven different tertiary'

amine hydrochlorides with co.plete success. The following reactions

describe the tertiary amine h7drochloride derivatives that were

prepared.
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Pyridine

Quinoline

+HOl 9
C1

• .)1" D1aethy1aR1line

+H01 ~

1..1, Dietb71aniline
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Tributylam1ne

+ ICl

Tribenzylamine

CH)CIIz~CHt\ et:l e
-~) CH)CllzCIIzCHZ- •• -HCl

CH)CllzCHzCll(
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'.ClBLB IV

TlmTllRY AMINE SULFONAT&S

COIlpound Obsenecl
Hel;t1pr fpiM. go

Pyridine
~(24)Sa.lf'onate 137

2.Pico1ine (2.5)Sulfonate 31.5 -- 320

Qaino1ine (26)SUlfonate 270

1-1"Dblethy1aniline
(27)SUfona'H 8.5 and 90

Ii-I Dietn,-laniline
(28)SU1"onate 80 --- lOa

Triethy1udne
(29)Slllf'onate 91.5

Tribut71uine
(30)Sul.fonate

Tribenzy1amine tn)SUl.fonate 106 --. 101
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The four easiest tertiary amine hydrochlOrides to prepare

were hydrochlorides of tn.et.bTlamine, t~ibutTiaDd.net tribenzyl_

udne, and I-I dietbylaniline. Each formed a crystalline product

readily in ether which was removed easily. The crystalline

products were properly dried and produced sharp melting points.

'!'here was some variation in the aelt1nc. points with the reported.

experiaental values for the tertiary amine h7dr0cblorides.

The tertiary amine bydrochloride der1Tatives of pyridine,

quinoline, and I-I d1aethy'laniline formed insoluble products very

rapidly but were difficult to isolate because each is hygroscopic.

The I-I dimethy'laniline derivative was the hardest to prepare

because it readily formed an oil t instead of a crystalline product.

If the addition of hydrogen chloride gas was done slowly. this

prevented the formation of an oil derivative. The H.I dimethyl.

aaUine and pyridine hydrochlorides had to be carefully removed
, 1,

under a dry methane or nitrogen atmosphere because the crystals

are extremely hydroscopio. The quinoline hydrochloride derivative

was formed readily but absorbed water rapidly from its surroundings.

The quinoline hydrochloride derivative was oxidized by the air

as evidenced by discoloration, resulting in an inaccurate aelting

point. The melting points of the seven tertiary aJdne hydrochloride.,

derivatives are listed in Table V.

Fro. the experi.Dlental evidence one can conclude that the

technique of generating h1drogen chloride with the aotion ot

concentrated. sulfuric acid upOn bldrochloric acid or sodium
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TABLE V

TERTIARY J.MINE HYDROCHLORIDES PRIP.A.RBD
WITH PURE HYDROGlIl CHLORIDE

Kelting Point
Qnd'. &It 00

Melting Point
Pttre salt oc

Literature
Mel!.'ng PPintOc

Tnbeaqludne
RJdrochloride 226-228

• Sharp .e1ting point

70- 75 ~5~~85- 95

158 (38)

253-2,54 ~~~254-255

256-257 (41)
310 (42)

227-228 (4)

155(.)

85{s)

25.5-2.56(s)

266-267(8)

14)-145(8)oct

75- 85

90-108

2,54-256

Quinoline
Hydrochloride

Pyridine
Hydrochloride

B-1 D1m.ethylanlline
H;vdroca1oride

I-I Dietbl'larlUine
Hydrochloride

Trietb71Mine
Hydrochloride

1'ti.butylami.ne
Hydrochloride

**Hyd.roseopic
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chloride v1ll contain sulfUr trioxide contamj nation. This

contaaination can definite17 account tor soae of the variations in

the melting point of various &Ili.ne h1drochlorides.

Since anb1'drous salts were o'btained it was possible that ethyl

ether Jlight be coprecipitating as an oxonium chloride. However.

reaction vas,never carried to the point of complete amine

precipitation and. little of tlle less basic ether should then react.

It was also noted that v....Uons in melting point were equalJJr

preval.ent', with tertiary amine hydrochlorides produced in anh1drous

benzene.

Our exper1aental data indicates that h1drate formation or

molecular rearrangements are not satisfactory explanations of

melting point variations. The possibility of errors in the melting

point still can exist since IIaDY ami.ne b1drocbloride derivatives

are hydroscopic. These hydroscopic amine lq'drochlorides can form

hydrates easily' and produce slight deviations in their melting point.

The heating rates of the solid derivative in a capUlar,y lIllY

lead to errors in the melting point but this can be controlled. by

careful techniques. A student in organic qualitative analysis should

be aware of discrepancies in the melting points caused by heating

rates. The student must expect slight deviations of 1° to zOe in

the observed lIlelting point when compared to the reported valn in

the literature.

The amine hydrochloride derivative should be considered as a

poor choice in the identification of amines. The melting point of
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:u.q UI1ne hydrochlorides have different reported. values in the

chemical 11terature. H.an1' alIIine hydrochlorides were prepared

£'rOll the year 1880 to 1950 before some improved techniques becue

available for their production. SeIne new techniques that bave been

developed recently are melting point determination lIsing electronic

devices; purity studi:es using ultraviolet. infrared. and. other

electronic apparatus; and modern devices for the prevention of

hydrate formation. An important study that could be conducted is

a cOJlplete revision of the melting points of lU.11Y amine hy"drochlorideso

The diserePlncies of l1t.erature values for a few a.mi..ne bydroch.lorides

are given in Table VI.

If one intends to utilize the technique of generating hydrogen

chloride by the action of concentrated sulfuric acid upon either dr,y

sodium chloride or concentrated. hydrochloric acid. he should consider

the possibility of impurities. These impurities can be passed. into

the product which thea produces variations in the melting point.

In an organic qUalitative analysis course t the melting point of a

derivative is one tecl:mique employed in the identification of an

organic compound. If variations in the melting point do exist in

a particular derivative this possibly could result in the iaproper

identification of an organic species. This is a particular difficulty

that exists with the production of amine hydrochlorides because

many discre~cies do appear in the literature melting point. .l

student in organic qualitative analysis course could have a di1'ficult

time trying to identify an amine by the use of a hydrochloride
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TABLE VI

~ICREPANCIES IN LITERATURE MELTING
fOIIT VALUIS

Compound CbserYed. Kelting Points 00

Pyridine
82oC(44) 144.5oa.?O)~ocb.lor1de

Quinoline
(45) (51)Hydrochloride 94 135

Triethylamine
(46) (52)Hydrochloride 253-254 254-255

N-N DiJIlethylan1line
(47) (53)Hydrochloride 70- 75 ',85.9'

Piperidine
(48) (54)Hydrochloride 237 244-245

Tributy1andne
(49) (55)Hydrochloride 256-257 310
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derivative. Depending on the chemical techniques, a student may

produce an amine hydrochloride that would possibly have a melting

point that disagrees with the literature value. He may identify

the wrong amine by comparing his experimental data with the literature

values of amine hYdrochlorides.

:Many sources suggest not to use hydrochlorides as a derivative

of tertiary amines. The e~anation orten cited is that the ~o­

chloride salts melt with decomposition that depends upon heating

rates.56 The deco.position of a hydrochloride salt could be

explained on the basis that the derivative may contain impurities

in the fora of sulfonate.
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CHAPl'm IV

EXPERIMENTAL SFtrION

.&11 lIlelting points were taken in capillaries in an electrica.lly

heated oil bath equiped with a constant stirring mechanism using a

caliDrated thermometer.

A. Detection of SUlfur Trioxide

Generation of hydrogen chloride was accomplished by adding 50 lIl.

of concentrated sulfuric acid to 50 g. of. dry sodium chloride. The

addition of sulfuric acid vas done rapidly to produce an excess amount

of hydrogen chloride that was passed. into a satvated solution

( 1 g./ JIll.) of barium chloride. A 50 lIl. solution of freshly pre­

pared and f11tered saturated. bari'Wll chloride was used for each

trial. A white precipitate would be i.maed1ately formed as the hydrogen

chloride passed. into the saturated solution. The precipitate vas

identified as barium sulfate. The identical procedure was repeated

except a single standard gas scrubber containing 250 JIll. of con.

centrated sulfuric acid or an approximate depth of 15 em. was used. A.

slight white precipitate was observed in a saturated barium chloride

solution after generating hydrogen chloride into it tor five to ten

lIlinntes. The precipitate was identified again as bariwa ~fate.

This procedure vas repeated ten tiJIes to study the various aIlounts

of barium. sulfate produced. Interest vas also expressed in the

reprodnceability of this experiJaent to insure the identity of sulfur



trioxide by the precipitation of barium sulfate.

Ix;aai.ni.ng the effects of heating the Ilixture of sulf'uric acid

and sodium chloride to generate the hydrogen chloride gas. 'h1.
usually resulted in a larger aaount of white barium sulfate

precipitate when compared to the rapid addition of sulfuric acid.

B. Elimination of Sttlfur Trioxide

The generation of hydrogen chloride gas by reacting 50 ml. ot

concentrated. sulfuric acid and 50 g. of dry sodium chloride was

effective only if hydrogen chloride was passed very slowly through.

a single gas washer filled with at least 15 CIt. of concentrated.

sulfuric acid at the approxiJlate rate of one bubble per secondo B7

adding the hydrogen chloride very slowly tor thirty minutes t this

appeared to reacve most impurities froa the vapors. The aeth.od

is difficult because concentrated sulfuric acid reacts vigorously'

with sodium chloride and produces hydrogen chloride at various rates

instead of at a steady rate. It was found that a dual gas washer

filled with at least 15 em.. of concentrated sulfuric acid in tandom.

was the most effective method. because the hydrogen chloride could.

pass through more scrubbing surface. Therefore, slow addition of

sulfuric acid to sodi11Jl chloride and scrubbing the hydrogen chloride

through a dual washer is considered the best technique to eliminate

sulfur trioxide and watero

The use of )0 N sulturic acid was Ere effective than the use

of eoncentrat~ sulfuric acid. Reducing the concentration se.ed to



help prevent soae local hot spots in the sodiua chloride. The

hydrogen chloride Was passed through a dual washer to guarantee

that the sulfur trioxide contamination would. be eliJlinated.

The hydrogen chloride was passecl through a 10 CJIl. drying tube

containing anhydrous calciu chloride. But this method vas found

to be less effective in elillinating sulfur trioxide than using a

single gas washer. BYen slow ad.dition of hydrogen chloride through

the a.nb;fdroas calciwa chloride did not reduce the Dount or Sll1.tur

trioxide sufficient17.

c. Production of Amine SUlfonates

Sulfur trioxide was obtained by heating ;0 Ill. of :tuIIi.ng sulfuric

acid.. This provided. a sufficient Dount of sulfur trioxide to react

with a l~ solution of the amine in ethyl ether. The l~ solution

vas prepared b7 adding 2.; JIll. of the particular uaine and diluting

to 25 ml. nth ethyl ether. For tribenqlaJdll•• a solid. we used

a 2.5 g. sample and Q18aolved it in 25 &1. of ethyl ether. The

sulfur trioxide vas passed directly into the amine solution for

thirty minutes to produce a solid salt.

Eastman Kodak eoapany reagent grades of PYridine. 2-Picoline.

Q!inoline. DiIIethylanUine, Diethylaniline. Trieth,y1aJline •..Tributll••i ne.

and Tribenzylpine were used. Analysis by titration to check purit7

was ..ployed. indicating l~ purity within experimental error.

The following sulfur trioxide denvatives were prepared bT

passing sulfur trioxide f'roJI heated :.t\1JI1ng sulfuric acid into solutions
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of Pyridine. 2-Picoline. Quinoline, D1m.eti1Ylaniline, Dietb,ylaniline,

Triethylamine. Tributllamine. and Tribenzylamine in ethyl ether.

The melting points of the salt derivatives were Pyridine-Sulfonate,

M. Po 111°C; 2-Picoline-SUlfonate. MoP. 314-3190 C; Quinoline­

Sulfonate. M. P. 269-2700 C; N-N DimetbYlanlline-Sulfonate, M. P.

84_85°0; N-N Dieth.ylaniline-Sulfonate, M. P. 90°0; Trieth..ylamine­

SUlfonate, Mo Po 91°C; Tributylamine-Sulfonate. M. P. 94°C; and

Tribenzllamine-Sulfonate, M. P. 106-107°0.

It was necessary to recrystallize N-N Dimethllaniline-Sulfonate,

Triethylamine-Sulfonate. and TributYlamine-Sulfonate from petroleWl.

etber.

D. Production of Amine HYdrochlorides

J.. diagram of the apparatus used is given in Figure 2. Ib'drogen

chloride was obtained b7 adding 30 N sulfuric acid to dry sodi~

chloride and passing the gaseous substance into dual standard gas

washers filled with at least 15 ca. of concentrated sulfuric acid.

Then the dried and purified hydrogen chloride was passed for thirty

minutes into a lO~ solution of the amine in et~l ether. The l~

solution was produced by adding 2.5 ml. of the amine and diluting

to 25 ml. with ethyl ether. Again a 2.5 g. sample of tribenzylamine

was dissolved. in 25 ml. of ethyl ether. The hydrogen chloride reacts

with the amine to produce a solid insoluble salt.

Eastman Kodak Complny reagent grades of P.yridine t Quinoline,

Dimethylaniline t Diethylaniline t triethYlamine. Tributllamine. and



FIGURE 2

DIAGRlH OF APPARlfiS USED IN THE PRODUCTIOI
OF PURE AMINB HIDROCIfLbRIDES
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and Tribenzl1,m' ne .vere used. The purity was checked by analysis

of titration, and. purity of 10~ was found within experillental error.

1. Pnj.dine Rydrochloride. This compound has a melting point

of 143-1450 C and was prepared by the aanner described above. The

crystalline product was very hygroscopic. The product was filtered

under a dry atmosphere of .ethane and dried for forty-eight hours

at 10 torr. The product was washed. with petrolewa ether and. agairi

dried for forty-eight hours to obtain its melting point.

2. Quinoline HYdrochloride. This cOllpound vas prepared in the

identical manner described. for wridine ~cbloride. The product

was dried. for a period of forty-eight hours at 10 torr. The product

was easily oxidized by air beaause the product was deoolorized during

its d.ry'i.ng period. The product gave a poor melting point because it

could not be isolated rapidly' enollgh. The crude salt aelted. between

90.1080 C and the salt washed with petroleum ether and dried for

forty-eight hours at 10 torr. melted. between 90-100°0.

3. 1.1 DilIeth,y1aniline Rydrochlorideo This hydrochloride was

prepared in the manner that we designed to elillinate the production

of iJapurities. This product often produces an oil derivative instead

of a crystalline salt. It was found that very slow addition of

hydrogen chloride would produce a crystalline product. The salt

est be filtered off under dry methane atmosphere and dried. for

forty-eight hours at 10 torr 0 This product gave a sharp melting

point at 85°C.



4. B.B Dieth,y1aniline B;ydrochloride. This co.pound was

produoed in the sue manner as described. for I-H dimetbylaniline

hydroch1or1d~. It forms a crystalline product readily and can be

isolated rapidly. The product was decolorized with activated

charcoal and washed with petroleum ether. The derivative gave a

sharp .elting point at 155°C.

5. Trietb"y1aa1ne Kydrochlorideo This hydrochloride was prepared

in the manner described aboveo The crystalline product was fonaed

rapidly am the crucle salt melted at 253-2,54°C. The product washed

with petroleum ether melted sharply at 255-256°C.

60 Tribl1tylamine liydrochlorideo This co.pound. was prepared

in the identical unner as for triethylamine hydrochlorideo The

crystalline product was formed rapidly and was washed with petro1ewa

ether. The dried product .elted at 266-26r>C-.

7. Tribenzy1amine HYdrochloride. '!'his b1'drochloride was

prepared by adding 2.5 g. of the solid to 25 11I1. of ethyl ether am

passing the dried. hydrogen chloride into· the solution for thirty

minutes. This product was the easiest to isolate and handl.e. The

crude salt melted at 226-2280 C and the salt washed with petroleua

ether melted at 233-2)4°C.
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CIIlPT.&R V

SUMHlRY

In this study we have attempted. to explain the inconsistences

in the melting point of amine hydrochlorides. The variations of

I0-20oC in the melting points can be explained on the basis of

impurities that are contained in the solid salt. We have demonstrated.

by this study that sulfur trioxide tdll be produced as a by-product

generated by the action of concentrated sulfuric acid upon either

dry sodium chloride or concentrated. hydrochloric acid. The sulfur

trioxide vill readily react with an aJIline to produce an amine

sulfonate. The aine hydrochloride product from hydrogen chloride

so generated. will contain some sulfonate impurities that produce

variations in the melting point. Some discrepancies in the melting

point of amine hydrochlorides exist. because many amines are hydro­

scopic.

The problems complicating the preparation a pnre amine hydro­

chloride .. are I (1) the addition rates of concentrated sulfuric acid

to dry sodium chloride or concentrated hydrochloric aCid, (2) the

addition rates of hydrogen chloride to an amine, (3) concentration

of sulfuric acid, (4) proper scrubbing of the hydrogen chloride,

and (.5) the sulfonate impurities.

The following suggestions may be used to solve the problems

complicating the preparation of a pure amine hydrochloride I



(1) The slow addition of concentrated sult"uri.'c acid to either
dry sodiWll chloride or concentrated hyd.roehloric acid
will prevent the possible deco.position of sulfUric acid
into sulfur trioxide aId water.

(2) The slow addition of the hydrogen chloride to an amine solution
will help to prevent the possible occurrence or an oil
derivative.

() The 30 N sulfuric acid w1ll help to reduce the likelihood. or
hot spots in the sodiua chloride or hydrochloric acid and
therefore reduce the amount of sulfur trioxide generated.

(4) It is important to wash the hydrogen chloride in dual gaa
liashera filled to a depth ot 15 ClIo with eoncent.rated
sulfuric acid to remove vater and sulfur trioxide. We
have shown that slow addition of sulfuric acid and dual
washers are effective and should r_ove the sulfur trioxide.

(5) If all of the previous steps are employed. the elimination .
of sulfur trioxide will be accOilplished. The elilllination
of sulfur trioxide should prevent the possible occurrence
of an aaine sulfonate. Theretore some of the probleJIs
coaplicating the preparation of a pu-e amine hydrochloride
should be solved.

If posaible, another method of ge.rating hydrogen chloride

should be found to eliainate the possibility of iapurities containecl

in the solid salt. An extensive search in the literature should be

_de to find an alternate method of producing amine hydrochlorides.

Whenever possible another derivative of a tertiary amine should be

used because the amine hydrochlorides have~ reported discrepancies

in their melting points.

students in organic qualitative analysis may be encouraged.

to use hydrochlorides as derivatives of tertiary amines only with

the following qUali.fi.cations I

(1) All amine hydrochlorides should be produced. with the purest
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hydrogen chloride available.

(2) Literature values for the melting points of tertiary amine
bydrochlorides are subject to question. Observed
melting points should be compared with control samples.
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