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I. IETH

ODUCTION

COyanamide has been known, as a specifiec myém:ﬁ, gince
1851. Hany methods of preparstion I:aavs besn @z:mm& and
the physiocal properties of the compound have been determined.
Its chemleal reactione have been studled and many compounds
have been prepared. Most of these resctions have been carried

out in aqueous or liquid amm

wnia solutions, No investigations

have been made of the properties of cyanamide as s solvent and
maaﬁm medium.

~ The theory of eleoctrolytic dlissoclation stlimulated in-
guiry into the eleotrical conductivity of solutions. Aqueous
golutions were first studied, then solutions in which sclvents
were mixtures of water snd other liguids, especially slochols.
Lastly, attention has been turned to the investigatlon of the
sonductivity of solutions that contaln no water.

Liquid ammonia and ligquid hydrogen cyanlde have b&w

used as solvents and as reaction media. Solutions in which

thege substances were solvents have been found to be cone
dnctors of electricity.

Cyanamide can be looked upon as a derlvative of smmonia
_and of hydrogen oyanide. Since the parent substances are
| reamamy good solvents and thelr solutions are Ielr ool
mm, eysnamide might be expected to have the zame
?;M@arti&a;
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Thils investigation wes undertaken in order to determine
the properties of cyanamide as s solvent, as a reaction medium,
and as an ionizing medium. |



pounds ﬁra;m the objects of in~
tenaive s‘ﬁaﬁx over a lundred years ago. During the perled,
1834 - 1858, Liebig (1, 2, 3, 4) published a series of Wﬂ
on the preparation and properties of these compounda, In the

Cyansmide and related oom

firgt of these papers, he gives a resotion of cyanogen chloride
- with gmmonia to give, what he called, a cyenamide oompound.

But it was Cloez and Cennizzare (5) who, in 1851, proved that
cyanamide and ammonium chloride were the products of the re-

action. |
VYolhard (8) Irirst suggested the use of thiourea as the
best materisl for the preparation of pure cysnsmide. Freshly
wwimtamé mercurie oxide was suspended in water and added
to s i@élé golution of thioures. After the sulfur was removed,
a Tew drops of scetic acld wers added to the filtrate and the
latter was evaporated on s water bath. The residue was

n, pure

extracted with ether and upon evaporating this solu¥
eyanamide was left. | |

Traube (7} modified the m‘&h@é uged by Volhard. The
desulfurization of pure thlourea by mamﬂa oxlde was found
to be inocomplete, even upon standing several daye. ¥hen a
1itsle ammonium thicoysnate was added to a solutlon of thicurea,
the latter was readily sonverted into cyanamide.
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salelunm cyansmlde. | ;

With ealolum wamiﬁe ag an inexpensive raw material,
new methods of produclng oyansmide were originated.  Baum (13)
extracted commercial oysnamlde with water and precipitsted ‘ﬁhﬁ.'f
ealcium as the sulfate by neutralizing the extract with sul~
furlie geid. The oyanamide solution was oconcentrated in a
vaouum and the residue extraoted with ether. :

Caro and his assoclates, Schuck and Jasoby {133, extracted
commercial oyanamide with walter and precipitated the calolum
with oxalie aeld or alumimum sulfate. The filirste was
¢vaporated In a vacuum and the oyanamide was extracted and
purified with ether. |
Werner (14) found the evaporation of s water solution of

eysnamide, even in a vacuum, to be a decldedly tedlous opera~-
tion. Since eyanamide is steble in the presence of acello
acld, Werner originated the method of treating calolum oysna-
mide with aceftle acid until the mass is slightly acid through-
out. The pasty mass is exposed to the alr for 34 hours and
then extracted with ether in s foxhlet apparatus. The ether
solution 1s evaporated snd the residue aried over sodium
hydroxide. o , |

Osterberg and Kendall &53 tried the axistmg methods
of obtaining eyanamide from thioures and from caloium cyana-
mi&a and abandoned them because of the tedious procedures and
W‘&' yiama. They suspended oslelum oyanamide in water and
passed in carbon dloxide until the solution was neutral or
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TABLE I
SOME PHYSICAL PROPERTIES OF CYANAMIDE

Property | Value | Authority L&ﬁgiggﬁra

Melting Point © 0,  40° | Cloes (5)
41° - 43° z Caro (13)

43¢ Drecheel; (18, 17}
Leamoult ‘ :

430 Osterberg (18)
43° « 44° Goleon (18)
45° | Rets; Kaze (19, 20)
Boiling Point ¢ O, 140% ot 10 mm, Colson (18)
| 132°-138° at 13 um. Maze (aé} |
Specific Gravity 1.07288 at 48° C, golson (18)
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Bader {21) found that oysnamide, in aqueous sai:zt&mx,g
is elightly disscooclated and showes no dlstinet acld properties.
The ;;s;ﬁiﬁ*kzan is a very poor conductor of electricity and
Eameyama (23) :&mﬁ the primary dissociatlon constant, as an
acld, to be 5.42 x 1072 F at 25° C. Lemoult (17) stated that
in aqueous solution the acidity of cyanamide 1s comparable with
that of hydrogen cyanide.

Working with Franklin, Kraus {33) determined the conduoc~
tivity of many liquid smmonla solutions.
solutions of eyanamide which conducted elesctrieity with falr
facillity.
1@%1 concentration above that of the pure solvent, the investi-

mong these were

Sinoe there must have besn an lnorease in hydrogen-

gators considered oyanamide a much stronger acid in smmonila

thant in water.

Hany metallic salts of cyanamide have been prepared. It
has been found that one or both of the hydrogen atoms in the
compound may be Teplaced by metals. In this respect, cyanamide

behaves as an acid. Table II ghows the metallic salte recorded

in the literature.



NO*N*H + OW “Hie** ("MOH)S
NO*N*H + “Hy SHN* *HOHY
NO*S"H + 08H *Ho%H
(¢8) HO*NH + *(*o*E'0)mD *qonD
(92) , 0%H + *Hoed *{*woH)uD
{e2) uoysng | o + "N + NOX *NoXeN
(»2) aoqup RO*N*H + *(*0*H'D)aq  *Noad
(91) ToyooTe TAUgeN . NO*HH + oeg *soeg
(o1) zeqep HO'N'H + “oNBY *No*Sy
(o1) xowrg HO*N'H + W *NoHeK

(11} *q + %pep *\oen

. PpesTD ... mmIPeW . ... .. L o _

eIn3RIGIYT uoTI088Y woT30BeY . punodwop
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Hot only may cyanamide react as & weak acld but also as
& weak bage. It forme selts with strong scide which are
easlly hydrolyzed. Drechsel (18) first prepared the hydro-
chloride, HpN.CN.3HO1, aﬁﬁ the hydrobromide, HyN.UH.2HBy
He algso mentloned a nitrate which was very unstable.

Cyensmide possesses oonsiderasble interest as the natural
: point in a large mumber of organie syntheses. Une |
doubtedly 1ts use would be wide gpread wers 1% not for the
faot that the com:
tendency to polymerize. , _

For these reasons the s&lk* &ym&a hydrochloride,
should be of interest. It is much less hygroscoplec and is
more stable than eyanamide 1tself. In many aynthesses 1%
place of oyanamide.
| Three methods have been proposed for the preparation of
H N.CR.2HC1. Drecheel (16) passed dry hydrogen chloride in-
to an absolute ether solutlion ¢f oyanamide. Hantsch and
Vagt (29) resommended dlssolving eyanamide in concentrated
hydroohloric aold and evaporating the solution in a vacuum
 deslscator.

The latest method is that of Pinok and Hetherington

{30). In this method, dry hydrogen chloride is passed into
- 95 per cent ethyl sloohol and then solld fgyansm&e is added.
The hydroshloride precipitates when enough oyanas
: ’aﬁ@& to reset with 95 per cent of the hydrogen chloride.

wund is extremely hygroscople and bas a

may be used in the
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After the removal of the solid product the mother liquor is
used for the next batoh,

The physiological properties of cyanamide are of
interest. The compound iz polsonous, ae ig %o bDe expected.
‘Stutzer and 3811 (31) investigated the action of n?mm&e
and some of its derivatives and found the fatal dose of oyana-
mide for the guines plg to be 0.4 g. ver kilogrsm of body
weight. VWhen the compound comes into contact with the skin
a m1ld exsnthemats results.

8ince the publieation of the earliest researches on
#yamme, two possible struotursl f@m%# have been sug-

gested. The substance was nau
the structure CN.HHy. But many of the rescbtions of the
compound correspond to the diimide formula HN-C=RH.

Mulder (33) urged that the existence of a silver deriva-
tive required oyanamide m have the formuls All=C=NH, ag only
in imides can the hydrogen be displaced by metals. But Fllesi
ma Schiff (332) bellieved that this argument was not ﬁemzmzinﬁ
- for metallic derivatives of seversl smines and amma‘a‘ were

ed as an smide which gave 1t

known. Horsover, they cited the reactlon of amides with

chloral as svidence that cyangmide has the formula ON.NH,.

o Mﬁmm of mﬁm with an imide was known.
mmmmw% methods have pften been used to determine

the structure of compounds in 4iffieult cases. CUyanamide,

which is easily polymerized, belongs in this category.
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Coleon (18) considered the formula of the dlalkyleysnamides
%o be well-sstablished as NC.NR,. He determined the re-
fractive power of oyanamide and dlethyloyanamide and conoluded
that the CNg group in cysnamide has the same refractometric
value zs that in its derivative. 'ﬁm&wég the formula of
ocyanamide must be NC.KH,. '

Werner (34) concluded that the properties of cyanamide
in neutral ﬁamm@s are those of a tautomeric substance. He
assumed that an electroetatlc equilibrium exists in sich a
golution, as shown by the following equation:

{acidic form) {vasic form)

The addition of acld or base will disturb the equilibrium sng
polymerization will begin.

The polymerization resctlons of oyanamlde are of indus-
trial ilmportance. The dimer, dloyandlamids, is used to
synthesize barbiturates, and in the production of guanidine
and biguanide compounds. The triier, melamine, ls used in

the manufacture of resins.

When heated alone, or in aqueous solution, cyasnamlde
undergoes mimaﬁ;mﬁm with the production of dieyandlamide.
The speed with which the polymerization takes place and the
temperature at which it begins are still debatable questions.

| Morrell snd Burgen (35) masintalned neutral agueous solu-
- “tions of cyansmide a‘% a temperature of 100® €, for two hours
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ithout appresiable polymerization., Oolson {18) kept molten
eyanamide at 48° U. for thres hours without change.

‘When warmed 1n aqueous solution, in the presence of
ammonia, cyanamide is converted into dlicyandiamide as repre-
gented by the equation:

HaNON # HoNON e » Hyl.C(NH)NH.ON
Grube snd his assoeiates, Kruger (36) and Motz {37) reported
that the speed of wm§rixaﬁien is increased with inoreasing
coneentration of smmonia. They found that sodium hydroxide
and caloium mmxme had the same effect as ammonia but that
there is an optimum concentration sbove or below which the
polymerization 1e slower. Pineck and Hetherington (38) recom-
mended using small smounts of emmonis and raising the tempera~
ture to about 100% C. |

Aolids aleo accelerate the polymerization of oyanamide.
But the pH must be kept above 4 or the cysnamide hydrolyzes
to ures. In mfm strongly socld sclutione the hydrolysis is
pmgart&mxal to the concentration of aeld, as was shown by
Hetherington and Brahem (39). Ir the solution is too strongly
acid there is complete hydrolysis to urea and no a&aymﬁﬁ» |

amide is formed. Moreover, if the solution is too strongly
alkaﬂ.ma, sbhove a pH of 9.8, as found by Buchanan and Barsky
{.m}, urea is formed slong with the p@lgﬁw. | ;

The trimer of @yanmi&g, aa:twimg ~1s formed by ?zaatmg
eyanamide at temperatures above 1ts m&&:@g point., Franklin
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iélé m&mé melzmine by hesting amﬁgmﬁ;éﬁ in liquid asmonia
#ﬁé a modification of this process is the one that is most
widely used on a commercial seale. |
Cyanamide and dleyandiamide are used as ravw materigls
and are heated at temperatures from 100° %o 400° €. in the
presence of anhydrous ammonla, A pressure of 10 to 100
atmospheres is employed. The reaction can be shown as
followsi
e
HH 4]
6ON.NHy ——> 3 ﬁgﬁﬁg — B R/ \ﬁ
NH-CsN ﬁaﬁ.»é a“;»xx#
N g/

gyanamide dicyandianids nelamine

Helamine lg used in msking thermo-~getting resins which
have superior heat resistance. Hodgins (43) and hie associ~
ates have made a thorough etudy of the properties of
melamine-fornaldehyde resines ami have found them to be egual
and saperior in some respects to the corresponding urea-
alkyd resins.
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II1. EXPERIMENTAL

A. Prepavstion of Cyanemide Used

Part of the oyanamide used in this investigation was purchased
from the Eastman Kodak Company®, Rochester, New York. This
was made by suspending five kilograms of fresh technieal
caleium cyansmide in 15 liters of water at 30° - 35% C.

After stlrring for one hour, the sludge g@s ﬁimm ;aff and
washed until the filtrate was sbout 15 liters. The ﬂl&m‘% .
was chilled and ice cold 30 per cent ﬁﬁimﬁﬁ acld was added -
until Just aold to Congo Rw The ma&@itﬁaé é&lﬁiﬁﬁ gl
fate was filtered off and washed until the ‘fmime of filtrate

and washings was about 16 liters. The filtrate was vacuum
evaporated on a gteam bath until the temperature of the resi~
due reached 80° ~ 85° . |

The residue was extracted with ether and the ether sclu~
tion well cooled and dried with caleium chloride. The ether
was evaporated off and the small amount of liquid whioh
adhered to the crystals was poured off. The melting point
. was 40° - 41° C,

S
v

* Prom #ﬁ?&h sorrespondence with Dr. C. R. Lee, Eagtman
Kodak Compeny '
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Some of the oysnamide used was made by the method of
Werner {(14). To a mixture of 130 g. of water and 125 g. of
glaoial acetic acid was gm"‘y added 100 g. of orude
calolum oyanamide. The mixture was stirred during the addi-
tion and the temperalture was never allowed to ae‘*isa above
B5° €,

a thick pasty mass and was sli

Toward the end of the operation, the ﬁ%ixﬁm becane
ghtly asold i’:mﬁghm%,_ The

- produet was exposed to the alr for 234 mﬂ, then Wlwrmsﬁ
and extracted with anhydrous ether in a Soxhlet sppasratus.
The ether solution was evaperated and the orystals of oyana~
mide dried in s vaouum over sodlum hydrexide. The melting
point weg 41° « 42° C.

B, BStudy of Solubilities

Since oyanamide 1s a solld at room temperature, a water-
bath was used as a heating medium. The bath was kept at a
temperature ’§z 54% -~ 55° C. by means of a Cenco-~Dekhotinsky
Thermoregulator. |

' The solid cyanamide was quickly placed in a 4 ml. test

~ tube which wase s%&mwé and placed in the water-bath. The
compound melted and the liguid wes used as a solvent. From
0.5 to 0.75 ml. of the liquid was used for each test. In
doubtful cases cheok determinastions were made.

ir ﬁw subatance o be tested was a llguid, 1% wae added
a drop at» a time. If se much as 0.35 ml. é‘isw/lvs&g the




substance was listed as soluble, if one drop produced two
:ia:yem. the substance was ¢lsssified as imgoluble., Other
liquide were listed as slightly soluble. In the case of
80114 mbsgtances, from 0.05 to 0.07 g. of the s0lid was added
in small portions, If this smount 4lssolved, the substance
was considered as soluble. If less then half this quantisy
disgolved, the s0lid was consldered slightly soluble. In
gome oages there was a violent reaction, in others a precipi~
tate formed or there was a dlstinet color change.

The solubilities of 75 different substances were deter-
wined and the results are given in Table IIX., The compounds
have been grouped as soluble, si&g%xﬁy m‘lﬁmm insoluble |

and resctive.



Aluminum chloride
Ammonium acetate
Ammonium carbonate
Anmonlum ehloride

A pmonium nitrate

Cadmium nitrate

Cgpdmium nitrate

Cploium chloride

Chromie aeid (anhydride)
Chromic chloride |
Cobaltous nitrate

Cupric sulfate

Cupric | m‘ifai‘;a-

‘Ferric chloride

Ferrous sulfate

Lead nitrate

Merouric shloride

Niockel chloride

Niokel chloride

ammonium esulfate

AlCly . 8H 0

Ala(804)a . (HH, ) p80, . 34H,0
CHa COONH,

(NHg) 004

NHeCl

CalNOa)s
Call,

Gla.8H,0

OusS0,
FeCls.6Hy0
FeS04.7H,0

_PolN0s),

HgCle

NiCl,
NAC1,.BHa0
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TABLE III (Continued)
Solubl

Potassium acid tartrate KHOgH, 0,

Potassium bromide
Potaesium lodide
Potasgsium phosphate
Silver nltrate
Sodlum bromlde
Sodium nitrate

Butyrie seid
Cinnamie acid
Glycolle acld
Tartaric acid
Valeric acid

Igoanyl aleohol
Butyl aleohol
Ethyl al
Ethylene glyeol
Glyeerol

Methyl alechol
Phenol

cohol

NaROg

OHg (CHg ) 5 .COOH
CqHy.CH:CH.C00H

HOOU . (CHOH) 4 - COOH

(CHg ) gCH.CH, .CH,OH
CHy (OHp) o .CHLOH

G HgOH

HOCH, .CH,0H
CaHg(OH) 5

CHgOH

Cgllg.0H
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?:ghyl asetate
Ethyl benzosate
Ethyl malonate
Methyl salioylate

Acetone
Ethyl ether
Ethyl bromide

Chloroforn
Oxallo scid
Bussinie aold

Aluminum gulfate
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PABLE III (Continued)

Soluble

CHgCO0CgH, 5
CHzCOOC,Hy
C4Hg0000 4By
CH, (0000, Hg )
HO . CgHy . COOCH,

(CaHg)a0

CpHgBr

 Ammonium acid phosphate

Barium chloride

Borie acld
Biemuth sulfate
Cobaltous oxalate
Ferric sulfate
Cobaltous sulfate

CHO1,
HyCs04.8Ha0
GOOH (CHy ) 3COOH

A1,(804) 3 .18H0
{KHg ) gHPOy
BaCl,.3H,0

HaBOy
B1,(804)5

Fey(804)s
CoS0,



 PABLE III (Continued)

Hagnesium oxide Mgl
Hanganousg #ﬁxfaka - ¥nS04
Sodium chloride | | FaCl

Benzene Celig
Butyl ohloride | CyHgC1
Garbon disulfide 08,
Carbon tetrachloride 105 Y
Ayiene CoHalCHsly

~ Antimony chloride
Hydrogen ohloride
Potassium oyanlde
Fotassium mmm

Potassium persanganate
Sodium chromate
Sodtum eyanide

Sodlum hydroxide
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When some of the solld ‘WMW&S were added to the
molten oyanamide, gelatinous precipltates formed. These
ompounds are listed in Table IV.
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Sodium chromate formed s deep red solution and potassium
permanganate was reduced with the formation of manganese di-
oxide. Potassium hydroxide, sodium hydroxide and potassium
oyanide were all soluble but upon standing a few seconds, a
violent reaction took place. A yellowish-white solld was
formed in each case.

When a solution of silver nitrate in cyanamide was added
to cyanamide solutions of soluble chlorides, bromides,
iodides, carbonates and phosphates, preclipltates were pro-
duced &m@ﬁ&aﬁﬁy. The colors of these preclpitates were the
same as those of the silver sgalts precipitated from water
solutions.

Ferric chloride and ferric sulfate dissolved in oyana-
pide to give brown solutions. Crystals of anhydrous nlokel
ehloride %&mak blue when added to eyanamide. Thess blue
erystals dlssolved to form a blue solution. Cobalt salts
formed pink solutlons.

When anhydrous cupric sulfate was added to oyanamide,
the particles of the salt became deep green in color, then
dissolved to form a green solution, VWhen this solution was
warsmed, for sbout ten minutes, a small amount of a blagk
precipitate formed. |

Antimony ohloride was soluble in cyanamide but the
solution became oloudy immedistely. A white oryatalline
precipitate settled out upen standing. This precipitate
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was msalﬁtﬁa in alaakel and ether.

?ataasim :@amasge was found to be soluble in eyana-
mide. A small amount of the salt dissolved resdily. As more
galt was asdded, ﬁw solution became visoous and white needles
separated from the solution.

Dry hydrogen ohloride formed a white crystalline come

pound when passed into liquid cysnamide.

D. Analyses of Compounds

ﬁm white crystalline compound formed when antimony
chloride was added to liquid oyanamide settled rapldly and
ocould be separated from the supernatant liguid. It was
found e be insoluble in alechol.

 Binoce both antimony chlorlde and cyanasmide are soluble

in absolute slechol, the excess solvent and reagent were re-
moved by repeated extractions with this solvent. The com-
pound was finally washed with sbsolute sther and dried in
an oven at 65° C. It was found to be perfectiy stable at
this Semperature. "

The eompound was snalyzed for nitrogen by the mierc
Dumas method and for chlorine by the Volhard method (43).

ﬁnﬁy#xs for antimony was made by dissolving the com~
pound in hydrochloric acid solution {(1:4) and then saturat-
mg with hydrogen sulfide. The antimony sulfide was
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preecipitated, filtered through a Gooch filter and washed.
The sulfide was dlssolved in concentrated hydrochlorie aold,
powdered tartarie acld edded and «wﬁ solution warmed on a
water bath., The exocese acld was neutralized with sodium
hydroxide and scdium bigarbonate. Excese biecarbonate was
added and the antimony solution was titrated with standsrd
iodine solution, using starch as an indicator.

The anglyses were made from samples prepared under the
same conditions but at 4ifferent times. They were not
necessarily uniform.

From the results of the analyses, the compound was
determined to be SH{HN.CH)5.HCL. The results of the analyses
are shown in Table V. |
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TABLE ¥
ANALYSIS OF ANTIMONY COMPOUND

Caleulated for Per Cent Average
b {HN.CN) 4. HCL Found

Antimony 43.29 44.46
44 .00 43%.98

Hitrogen 29.87 gg,gg 20,37

Chlorine  13.61 14.75
15.08
186.26 15.36

Sopper Compound
The fact that anhydrous cuprie sulfate, when added %o

pure liguid eyansmlde, glves a dark green compound indicates
the formatlon of a solvated compound. This green ocompound
was geparated from excess solvent by treatment with anhydrous
ether., I% wase wéw hygrogoopic and became a brown sticky
waes when exposed to the ailr. VWhen placed in an owven, the
compound &har:m&. It vas possible to wash the substance
with anbydrous ether and $o dry it in a vacuum desicoator.

| Several samples of the green compound were prepared by
adding anhydrous cuprie sulfste to cyanamide. The excess
dreus ether. After

eyansmide wae quickly removed with anhy
washing thoroughly with ether, the compound was dried in a



vacuun desiccator.

The compound, after drying, waas quickly transferred %o
a small weighing bottle with a ground glass stopper. Sgmples
were welighed out and iIgnited in erucibles to supric oxide.
The cupric oxlde, after welghing, was dissolved in dilute
nitric scld, the solution neutralized with ammonia and then
glaclial scetic socid was added. Potasslum lodide was then
added and the liberabted lodine titrated with etandard thloe
sulfate solution.

The snalyses were made with samplee prepared under the
same conditions but at different times. The resulte are found
in Table VI,

COMPOUND

Per Cent Cu Per Cent Cu
Based on Welght - Bsased on Liberated
of I

22.86

38.15 26.43
23.46 23.56
24.73 25.00
24.28 24.60

= B - -
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SBeveral samples of the solvated compound were prepared
and dried ms desoribed above. These samples were then added
%o more 1iquid cyanamide. ?kQ‘ﬁﬁiﬁ?'@f all but one of these
samples did not change and analyses for copper gave an
average at 25.78 per cent copper. |

One of the semples became ‘mry dark green and, when
washed with ether, became a liquid which orystallized only
after standing several hours. An snalysis of this compound
gave 16.41 per cent copper.
| The per cent ocopper in mﬁ%& golvated compounds la
given in Table VII.

TABLE VII
PER CENT COPPER IN VARIOUS SOLVATED COMPOUNDS

Compound Per Cent Gu

Cu0, . HaNOH | 31.53
Cud04 . 2H NOR 26.09
| Cu80,.3H,NON 23.26
Cu 80, .4H NON | 19.40
G 80, .5H,NCH | 17.20

ﬁhéx&~§as a declded difference in the color of the
solvated compound analyszsing 23.55 per cent ocopper and that
giving 26.43 per cent copper. The former was much derker
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green than the latter. Theees resulis would indicate the
formation of CuSO,.2HNCH or Cu.804.3H,NCH. The rapidity
with which the sal% was sdded to the solvent, the length of
time befors removal of excess solvent and the temperature
would gocount for the differeant degrees of solvation.

The one gample which gave 18.41 per cent copper would
indioate CufSO,.5H,NCH. But the conditions whish gave this
solvate were not duplicated in any other preparation.

When dry hydrogen chloride was paseed into liquld oyana-
mide at 54% - 55° 0., & white eryetalline compound was
rﬁmm. This compound could be washed with ether and dried
in an oven a% 65° C. It was stable at room temperature.

The hydrogen chloride was obialned by dropping concen~
trated sulfuris scid into concentrated hydroehlerie acid.
The libersted gas was Aried by passing it through concen-
trated sulfuric acid, and then introduced into a flask ocon-
taining the ligquld oyansmide. The flask was fitled with a
Bungen walve %o prevent molisture from entering the reactlion
ghamber.

¥hen the hydrogen ohloride came into gontact with the
eyananide, & white cryetalline compound began to form. Bug
the reaction soon became vigorous and enough heat was
generated te break the flask.

1% was decided to generate the hydrogen chioride by



passing dry nitrogen gas through concentrated hydrochloris
acld solution. The mixture of geses was dried by passing
through eoncentrated sulfurle aecid and then psssed into the
flask containing the cyanamide. The flask was fitted with
& Bunsen walve and the dellvery tube d4id not extend into the

liquid eyanemide.

The resetlon proceeded quletly and the hydrogen ehloride
wag passed over the eyanamide for a period of 48 hours. At
the end of that time, all the oyanamide had been converted
into the orystalline compound. |

The whlte powder was waghed with ether and dried in an
oven at 66° C. It 3&@ then analyzed for chlorine by the
Volhard method (43). The results of the analyses indicated
a compound with the formula HoH.CN.HC1. In Teble VIII may
be found the resulis of the analyses.

Caleulated for Per Cent QL Average

ﬁ&ayﬁn& 45.20 ; 43.54¢
| 43.49
43.57
43.45 43.51
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S8ince syanamide has a tendenoy %o polymerize in the
presence of aocids, some dleyandiamide wae undoubtedly formed.
The polymer is only very slightly soluble in ether and re-
Deated washings failed to remove all of it. This would

aocount for the low resulis.

Reaction of Potassium Phospt
When potassium phosphate wae added to oyanamide, the

ate with Cysnamide

solution became viscous. Upon the continued addition of the
salt, a white orystalline compound separated from the solu~

tion, The exeess solvent was removed with absolute alcohol.
The compound was washed thoroughly with absolute sloochol and
then with ether and dried in the oven st 85° €.

Thig compound was examined under the microscope and was
found to be composed of colorless needles. There were
oeceasional spote of a white powder on the needles.

A small amount of the substance was dlssolved in water
and qualitative tests were made for phosphate with silver
nitrate, magnesia mixture and molybdate reagent. Only faint
tests for phosphate sould be obtained. When a small amount
of the compound was heated on s platinum foll a slight
resldue remained.

KEr. R. H. Heals, Chemlstry Department, Iowa State
College, determined the per cent anitrogen in the compound
by the microe Du
86.11 per pent nitrogen. A melting point of 200° C. was

mas method. Hig anslyses gave an aversge of
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The cell was oalibrated at 55° C. and wae found to
contain 4.30 ml. The e¢ell constant was determined by using
a 0,02 molar solution of potassium chloride. Assuming that
the spscific conductivity of a potassium chloride solution
iz a linear funotion of the tempsrature, a 0.02 molar splu-
tion was oaleulated to have a speocific oonductance of
0.004416 reciprocal olms at 55° C. This caloulation was
based on the values at 30° o 35° C. The oell constant was
found to be 0.8444.

The sonductivity measursments were made with 1igquid
eyanamide solutions of various salts. These were placed in
the cell and maintained st the temperaturs at which the
solubilities were determined, 54® to 55° C., by means of &
thermoregulator. B |

¥hen the temperature of the water~bath became constant,
about 4.00 ml. of eyanemide were placed in the cell., The
specific conductivity of the pure substance was determined
and then a weighed amount of salt was introduced. The
volume was then brought up to 4.30 ml, by the addition of
cyanamide. After the solution became homogeneous, the
spesific émxﬁm%ﬂw was Getermined. Then one-sixth of .
the original volume of the solutlon was removed with a clean
dry capillary pipette and sn equal amcunt of pure cyanamide
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was added. The specific conductivity of this more dilute

solution was then measured. The solutlons were progressively

diluted until at least seven different concentrations were
obtained for each solute. |

Results

Reagent grade salts were used in making the solutions.
They were smmonium chloride,
iodide, potaseium phosphate, and sodium nitrate.

The results of the conductivity measurements are schown
in Tables IX through XIV. The normality, the volume of golu~
tlon containing one gram-eq fwazm of salt, the specifie
conduotance, and equivalent econductance are given for each
golution. The conductivity ie expressed in reeciprooal ohms.
In ench case the speoific conduetivity of the pure solvent
‘has been deducted from that of the solution. |

The dats Tor the most 4ilude solution studled, potaseium
iodide, show a gradusl ineresse 1n equivalent conductance |
with dilution. The other solutions, with the exception of
_' potassium phogphate, show an increase for several dillutions
 and then the conductivity drops. As the dllution continues,
the equivalent condunotivity agal

In addition to the tsbles, the data obtained from these
studies are presented grapbloally by Figures 1 T
These graphe have been prepared by plotting the volume in
Iiters containing one gram-equivalent of salt against the

ammonium nitrate, potassium

%3 iﬁﬁm&ﬁﬂ k.
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equivalent sonductance.

' Smooth ourves have been arawn through the points. "Ehaa#
ourves, with the exception of those for potassium lodide and
potassium phospbate, show peaks.

It 1s known that aocide and bases cause the polymeriza-
tion of oysnsmide. There are indications that salts csuse
the game effect. The form af ‘ma surve for zwtaaz:&m phoa«
m%, F’igm 3, indicates p&&m&r&mt&w. i‘hat for the
wmore ﬁi}.ﬁw solutions of mfmm nitrate, ?zg-nm 1, ean be
m‘kewm%é as showing polymerization u&lm reaches a max!
after eigm dilutions. g depressions ?m the other ocurves |

may be éim m the palymar&m%zm effeot. The more concen-
trated tha m% solution, the greater would be thie atzm&.
The 1iquid oyanamide used in making the az.zmima was
held in a state of fusion for pez*ia&é as &aﬁg as alx hours.
There was no apprecisble pﬁm,ariaaﬁm, which wmﬂ.ﬁ be shown
by partial mwmmiw in ath%;w.; Bmm, even & small
ameunt of m;mmrim‘kmﬁ in the aafmam&e and in the solu-
tions would introduoce amw in the ma«maﬂvmy deternin




TABLE IX

CONDUCTANCE OF SOLUTIONS OF SODIUM NITRATE

Normality

Dilution 4in

Liters

8pecific
Conduotance

Egquivalent

Conduotance

0.0326
0.0273
0.0237
0.0189
0.0158
0.0132
0.0110

0.0092
0.0077

30.67
36.76
44.05
52,91
83,29
75.76
90.81
108.70
120.87
186,28

0.002851
0.003390
0.002010
0.001689
0,001422
0.001.200
0.000977
0.000801
0.000678
0.000571

87.44
87.86
88, 55
- 89.37
90.00
90.91
88.82
87.08
88.05
89.22

Speoific Conductivity of Cyanamide = 0.000829




TABLE X
CONDUCTANCE OF SOLUTIONS OF BSODIUM NITRATE

Normality

© Dilution in Specific Equivalent

Liters Conduotance Conduotance

0.3283

3.08 | 0.019885 80.35
3.68  0,017440 83.83
4.39 . 0.014920 65. 54
B.36 ~ 0.012700 €6.80
8.33 0.011181 | 70.686
7.58 0.000264 70.23
9.09 JOBOS 73.51
10.91 0.006614 73.16
13.09 0.005609 73.43
15.70 0.004753 74.63
Speciric Conduotivity of Cyanamide = 0.000710




TABLE X1
CONDUCTANCE OF SOLUTIONS OF POTASSIUM PHOSPHATE

Rormallity Dilution in Specifioe Equivalent
Liters Conduotance Conductange

0.0133 75.19 65.64
0.0111 ‘ 63.06
0.0093 107.53 0.000534 57.43
0.0077 129.83 0.000431 55.97
0.0084 156.25 0.000355 55,47
0.0083 las,.88 0.000369 50.78
0.0044 237.37 0.000316 49.09
0.0037 270.27 | 0.000177  47.84
0.0031 332.59 0.000154 49,68
fpecific Conduoctivity of Cyanamide = 0,000799




TABLE XIT
CONDUCTANCE OF SOLUTIONS OF POTASSIUM IODIDE

Normality Pilution in Spesific Equivalent
Liters Conductance fonduotance

103.10 0.001088 112.28
123.45 0.000812 112.60
147.08 0.000776 114.12
0.0057 175.44 ' 0.000680 118.30
0.0048 208.34 0.000585 123.96
0.0040 250.00 0.000507 126.75
0.0033 303.03 0.000453 1.8
0.0038 357.14 0.000394 140,72
0.0023 434.78 0.000330 143.48
Bpecific Conduotivity of Cyanamide = 0.000704

- 0% =



PABLE XIII
CONDUOTANCE OF SOLUTIONS OF AMMONIUM NITRATE

Rormality Pilution in _ Specifie Equivalent
Liters - Conductance Condnotance

0.0215 46.51  0.003108 102,23
0.0179 55.87 R 0.001846 108,14
0,0148 87.11 4 0.001653 104,32
0.0124 80.85 0.001320 106.46
0.0303  e7.00  0.001083 105,15
0.0086 116.28 0.000917  108.63
0.0072 138.89 0.000770 108,94
Specifie Conductivity of Cyanamide = §,000753

Ao

w'f?n



PABLE XIV
GONDUCTANCE OF SOLUTIONS OF AMMONIUM CHLORIDE

Normality Dilution in Specific \ Equivalent
Liters Condustance Conductance

0.1567 6.38 0.014647 93.45
0.1308 7.66 0.012285 . 94.14
0.1088 9.19 0.010259  94.38
0.0907  11.03 0.008783 96.86
0.0785 13.24 0.007283 96.43
0.0628 15.88 0.006273 99.62
0.0524 19.09 0.005037 | 1 96.16
0.0437 23.88 0.,004233 96,83
0.0364 27.47 0.003538 97.19
0.0303 33.01 0.002965 97.87
Wiﬁé Conduetivity of Cyansmides = 0.000708
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Figure 1. Conductance of Solutions of Sodium Nitrate. Curve 1,



Equivalent Gonductance

Ig=

&4

A 4- © 8 1O ‘2 4 (7=

Volume in Liters Contailning One Gram-Equivalent

Figure 2. Conductance of Solutions of Sodium Nitrate. Curve 3.



Equlvalent Conductance

o5

!

=7

42

45

E\ |

S

40 o

Figure 3.

\eO 160 OO0 24O 80 3eo

Volume in Liters Containing One Gram-Equlvalent

Conductance of Solutions of Potassium Phosphate

3O



Equivalent Conductance

146
————
138 /
130 ' // 3
™
(&)
Pt !
lee ) / .
| /
4
80 180 1O 00 @0 @80 320 30 400 440

Volume in Liters Containing Cne Gram-Edqulvalent

Figure 4. Conductance of Solutlons of Potassium Iodide



Equivalent Conductance

11
107 -
,a—" —
/ [
103 — e
3
O
o5 -
; ‘ ‘ i
40 50 e 70 8o 20 100 hle} 120 130 40O

Volume in Liters Contalning One Gram-Equivalent

Figure 5. Conductance of Solutions of Ammonium Nitrate



Equivalent Conductance

o4

prinnnnnannaunn i

Sle o

3 12 {7= cO c4 cs 22

Volume in Liters Containing One Gram-Equivalent

Figure 6. Conductance of Solutions of Ammonium Chlorigde



- 48 -

IV, DIBCUSSION OF RESULTS

The study of soclubilitlies of compounds in oyanamlde
shows that a great many lnorganlc compounds are soluble., In
general, those subetances which have a high solubllity in
water are soluble in oyanamide. Those found %o be slightly
- goluble have, for the most pert, low solubilitlies in water,

Since inorganiec compoy
this imassﬁigatma, the solubllities of comparatively few

nds were of prismary interest in

organic gcompounds were determined. The organic acids,
aleohols, and esters tested were found to be soluble.

The temperature of the water-bath was kept at 54° to
55° C. during the solubility determinations. This tempera-
ture, some ten degrees above the melting point of oyana-
nide, was chosen so that the test tube containing the soluw
%tion could be removed from the bath and shaken without
solidification of the solvent. ,

Ligquid oyasnamide aots as an acld, for it forme a
metallic compound with antimony ohloride. The analysis of
this compound corresponds very well with the formula
ﬁh(ﬁﬂ,aﬂ}»ﬂm, exoept in the case of chlorine. The per cent
ghlorine ran high in every sample snalyzed and the precision |
wae not geod. Since the analyses were made on samples prepared



under the same condlitlione but at different times there was
the possibility that some Sb{HN.ON),.2HCL or Sb{HN.CN),.3HOL
was formed in gome samples and not m others.

Fuged eyanamide aleo sots as a base. It reacts with
ary hydrogen chloride to form the hydrochloride, HgN.CN.EC1.
m’:ﬁj'@mp@ma might be acsumed %o have one of the following
- ptructural formulas: |

%gi | or | ﬁﬁﬂ;}g

The solvated eompound formed with anhydrous oupric
gulfate was diffioult to work with. No method of getting
vongistent results was found. However, the results indicated
the formation of OuSO,.3H NCN or CusO,.3B NCN.

In the conduetivity mea iin errors oreep
in due to extra operabtions and calculations required. A
emall indeterminate error involved in determining the specif-
ic conductivity 1s multiplied several thousand times in caleu-
lating the equivalent conduotivity. Undoubted ly certain

ather errors cancel or are dlminished,

irements, cert

Every solution atudied ghowed an insrease in specific
vonduotivity over that of the pure solvent. The plotted
points in the graphical presentation of data do not fall on
a ourve of the type obtained with aguecus eclutions of salts.
It 1s poseible that heat or the presence of saltas causes the
cyansmide to polymerize. Data have beeon presented which
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it ie ka&ie’%& show tﬁa‘% saits Qm% mlmarimﬁm in m};nu-
. tions in wmah wm&ﬁa :m e wl#m%a.

Sﬁm maﬁ};ﬁa on the mmaswa mﬁv&lmﬁ wmaﬁﬂw
ties af salwzwa of pﬁ%&gﬁm imﬁa in water and :m eYana-
aiﬁa ahw that water i!.a %im better i@mzmg meﬁ&m‘ m
awamziaaa of equal aawal;my, the ﬁ@&num m&aﬂmw at
aq&ms wmﬁana of } potassium 1odide is about twice that of
Vamnmaa sammma of the same salt
| Cyanamide 1s a aifficult mk&%&ﬂﬁ# with whioh %o experi-
ment. It 1s very hygroscople and has a ‘tendency to poly-
mﬁ.m, Xa the pmmtxm of the compour ds, 1% was found
ﬂtm’e the salt m&.a not ’M aﬂma mpmly Violent reactions
took place w;%k rapld amzim of the reagent.




- 53 -

Y. CORCLUSICHNS

1. Many inorgsnio compounds are soluble in liquid
oyanamide. .

8. Certaln organle aclds, alcchola, and esters are
soluble in cyanamide. |

3. Cyanamide resote with antimony chloride to form
Sb(HN.ON) 5 HOL,

4, A solvated compound is obtailned when anhydrous
cupric sulfate is added to oyanami
CuBOy.3HoNON or CuSOe.3HNCH. A

5. The hydrochloride, H,NCH.HC1, 1s produced when dry
hydrogen chloride 1s passed into oysnamide at a temperaturs
of 55° C.

8. PFotassium phosphate causes cyanamide to polymerize
to dioyandiamide. |

7. Oyansmide may be kept at a temperature of 55° O,
for six hours without apprecisble polymerization.

8. Sglts diseolved in oyanamide form selutions whish
sonductors of electriclity.

20

e. This compound is

are falr



1. In this investigation the solubilities of 75

different compounds in cyanamide have been determined.

2. 1In general, the inorgenic compounds that were

found to be soluble in oyanamide are very soluble in water.

3. The afgaaia acids, alochols, and esters tested

were found to be soluble in cyanamide.

4. Cyanamide reacts with antimony chloride, anhydrous

cupric sulfate, and dry hydrogen ehloride to form compounds.

- 8, The compound formed with antimony chloride
is believed to have the compositionm, 8b{HER.CN} ,+HC1.
It is stable under room conditions.
| b. The green solvated compound formed when
cuprie sulfate is added to oyanamide was found to be
very hygroscopic and could be dried only is a vacuum
desiccator. Its composition cen be represented by
the foramula, CuS0O,.2H,NCN or CuSO,.3H,NCHN.

¢. Hydrogen chloride reacts with syanamide to
form the hydrochloride, ﬂjﬁgﬁﬁgﬁﬁlu The white
erystalline anh#ﬁaaaa is stable.
5. Potassium phosphate caused gyaaamiﬁa:%a polymerize.

This was indicated by the form of the conduectivity curve
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and by the analysls of the crystalline compound obtalned
when the phosphate was added %o ay@aﬁﬁﬁa. The analysis
designated the polymer, ﬂié?‘ﬁ&ﬁiaﬁiﬁﬁ »
6. In carrying out the conductivity determinations,
oyanamide was kept in a state of fusion for six hours with-

out appreociable polymerization. Thie was indicated by ne
apparent lack of solubility in ether,

Y. Selt solutione with oyanamlde as the solvent were
found %o be conductors of elestricity. For every dllution
tested, the solution showed an inerease in specific conduec-
$ivity over that of the pure solvent. In the case of potassi~
um iodlde, the solution ghowed an increase in equivalent
conductivity with progressive dilution. Other seriees of
solutions, except potassium p ephate, gave an initial rise
and then a decorease in equivalent conduotivity.

8. In plotting the 4llution against the equivalent
ponductance of salts in oyanamide, the curves obialned ars
irregular. It can be ghown that potassium phos
polymerization of eyanamide. Other salts must have the same

effeot. This subjlect needs further etudy,

phate cauges
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