
COMPLEX COMPOUNDS OF BIGUANIDE WITH BIVALENT 
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BIGUANIDINES AND THEIR DIFFERENT 
MODIFICATIONS. 

BY PRIYADAltANJAN RAY AND KSBITISB1lANJAN CBAXRAVART'k". 

Copper phenyll:iiguanide, both hydrated and a,ohydroas. as well as many of its salts 
(oiz. chloride, bromide, iodide, sulphate, dithionate, pitrate and nitrite) have been isolated 
in two forms, a and /J, differing in.c:oloar, m.p. aad solability. The anhydrons eopper 
pbenylbl~nidines have been proved to be monomeric by ebulliosc:opie me&~~urt'Dients • 

. The ..-chloride bas been found to be transformed into the B-form at 101 in presence cl 
steam. The conditiOllS for transformation of the two varieties for other salts have also 
been detenni.oed. !Wsides, salts such as thiasulpbate, thiocyanate, sulphite, chlon~te, 
bromate and iodate have also been prepared only in one form and their properties studied. 

The two varieties of copper phenylbiguanidine, its hydrate and ~alt"s, may be regarded 
as dimorphs or cis-trans ison:;ers, bat the balance of evidences aeems to support tbe 
laH'er view. 

Of the COlnpoands studied, the II-base, the .8-chloride and the s.sulpbate ba'l'"e been 
de.'ICribed by previous workers. 

Nickel phenylbiguanidine has been isolated in three fonns, namel;wr "• B and ,., 
differing in cnlour, solubility and other propertie11. Tbe ?-variety is likely to be a solid 
solution or mole~lar compound of the a and B forms, thE: latter two possibly repn-senting 
the cis-hans isomeride& al the planar nickel complex. The idea of polym<>rphism also 
cannot' be definitely ex..·Iuded without further investigations. 

Various salts of nickel pl..enylbiguanide, such as the chloride, bromide, iodide, 
nitrate, nitrite, ditbionate, saJphate, tbiosulphate, sulphite, thiocyanate, chiOl'Bte, bromate 
and iodate have been prepared and their properties studied. 

Of these nickel compounds the .8-base, chloride and sulphate have been described 
by earlier workera. 

The planar configuration of the· four co-ordinated mner-metaJlic com­
plexes of bivalent nickel and copper has now been well established. 
Evidences in support of this are derived not only from the classic:al methods 
of stereochemistry but also from a substantial u1ass of physical data, specially 
relating to X-ray measurement of crystalline salts. 
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The occurrence of cis-trans isomel"ides of the nickel derivative of 
benzylmethylglyoxime (Sugden, f. Chem. Soc., 1932, 246)' is a definite 

illustration on the point. Cox, Wardlaw and collaborators (ibid., 1935, 
459, 1475) have demonstrated by means of X-ray studies the planar con­
figuration for the 4-co-valent nickel. From the magnetic criterion of the 
bond type deduced from Pauling's theory(/. Amer. Chem. Soc., I9JI, 83, 
1367) planar configuration with d-s-p2 hybridisation is generally established 
for red and yellow nickel complex~s like nickei dimethylglyoxime, nickel 
dicyandiamidine, potassium nickelocyanide, nickel 1liguanide etc., which 
are all diamagnetic !Ray and Bhar, J. Indian Chem. Soc., 1928, B, 499; 
Sugden, J. Chem. Soc., 1939, 246). In the case of 4-co-valent copper com­
plexes, however, magnetic data can offer no guidance as to their spatial 
configuration. All the simple and complex salts of bivalent copper possess 
similar paramagnetic properties. This follows directly _from the electronic 
configuration of tbe cupric ion itself, which contains one unpaired electron 
in the :fifth d-orbital. For the production of four equivalent hybrid d-s-p 11 

bonds, giving rise to a planar configuration of the copper complex, this 
lone electron must be promoted to a higher level in order to make the fifth 
d-orbital available for bond formation ; and this would make the complex 
paramagnetic like the CU!Jdc ion. Planar configuration for a number of 
copper complexes has been demonstrated by several workers with the help 
of X-ray measurements. Thus, cupric. derivatives of P-diketones (CCIX 
and Webster, f. Clzem. Soc., 1935, 731i, copper phthalocyanin complex 
(Robertson, ibid., 1935, 6xs), dipyridine cupric chloride (Cox, Sharatt, 
Wardlaw and Webster, ibid., 1936, 129), cupric chloride dihydrate 
(Harkar, Z. Krist., 1936, 93, 136) have all been found to possess planar 
structure. The isomorphism of 4-co-valent planar nickel complexes with 
the corresponding complexes of copper, e.g., nickel and copper com­
pounds of metbyletbylglyoxime, is a strong· indication in favour of 
planar configuration for the latter. Planar trans-configuration. for the 
salicylaldoxime and picolinate of copper also has ,been established by 
X-ray studies. But a definite stereochemical evidence on the point, 
leading to the isolation of cis-trans isomers of a 4-co-valent copper. 
complex, is wanting. Recently Pfeiffer and Glaser (f. jJ7'akt. Chem., i939, 
ii, :f83, 265) have made an observation that napthaldebyde metbylimine 
copper, besides giving dark brown needles of metallic lustre, can be crystal· 
l:ised under certain conditions to form long green needles. The green crystals 
were transformed into brown ·variety on heating to 140D or on keeping under 
methyl alcohol at the ordinary temperature. But the colour of the solution 
i:rpyridine of both '"arieties was identical. Pfe_iffer and Krebs (]. jJf'flkt. 
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Chem., 1940, ii, 188, 77) also obtained two forms of sodium and barium salts 
of the acid (1), differing in their solubility in glycol or glycerine. Whether 
these represented real cases of cis-trans -isomerism or dimorphism could not 
be decided by the authors. 

( ( )cu(> s=> 
CH N NCH 

00 
Ho.s so.H 

(I) 
Of tlte various 4-co-valent copper compounds so far studied only the 

lf'ans-modi:fications could be isolated. All attempts to prepare the cis-form 
ended in failure. With a view to study the subject further, preparation of 
copper and nickel complexes with long-chain co-ordinating molecules was 
undertaken. Phenylbiguanide was selected as a ·suitable bidentate molecule 
for the purpose. Simple and substituted biguanides have been foUDd by 
Riy and co-workers !]. Indian Chem. Soc., 1937, 11, 670; I9J8, 18, 353) 
to give fairly stable, well-defined, characteristic complexes with tervalent 
and bivalent metals like Cr, Co, Ni, Cu, etc. The cDnstitution of the 
bignanide complexes with bivalent metals can be represented according to 
Ray and Saba (loc. cit.) by the foiTowing formula : 

where X is a monovalent anion. This structure suggests the existence of 
two isomeric cis and lf'ans forms : . 
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We have been able to obtain a number of copper phenylbiguanide 
complexes in two modifications, viz. chloride, bromide, iodide, sulphate, 
nitrate, nitrite, dithionate and the free base. These might be called a· and 
/3-forms. The a-form in each case differs considerably from the .8-variety 
in solubility, melting point, colour (both in the hydrated and the anhydrous 
state) aud rate of hydrolysis. Temperature and moisture accelerate the 
transformation of a- iuto /3-variety. 

The a-chloride is changed into the /3-form at zox" in presence of steam, 
or when kept for a ·long time in contact with water, or by boiling. It 
crystallises with 6 molecules of water in the form of bluish violet crystals 
and when dehydrated retains tl1e same colour. The ,8-chloride, which 1s 
prepared from slightly acidic solution at the boiling temperature, gives rile 
to tight brick-red crystals and contains 3 molecules of water, the colour 
remaiuing unchanged on dehydration. The anhydrous a-chloride melts at 
:1:70" and the anhydrous ,8-chloride at zxo". The freshly prepared aqueous 
solution of the a-variety is violet-blue in colour and that of ,8-variet_y is 
reddish violet. The a-chloride is more soluble than the ,8-form. The ,._ 
and /3-varieties of other salts and of complex base (both hydrated and 
anhydrous) also differ form each other in a similar way. 

The two varieties may be Tegarded as cis and tTans isomers of the planar 
copper co1uple.x, or as dimorphs or polymers. But the balance of evidences 
supports the first view. 

Each variety (hydrated or anhydrous) retains its melting point and 
other properties unchanged on repeated crystallisation from water under 
the same condition. The a-variety changes into the P-form as stated above, 
but the /3-form has never been found to change into the a.-modification. 

In aqueous solution they arc all monomeric as indicated by cryoscopic 
and conductivity measurements. The a.-chloride is much less dissociated 
at o" than the (3-chloride. 

The aqueous solution of the a-chloride is quite stable and does not 
suffer any appreciable change by keeping at the room temperature for some 
days. The /3-chloride, when dissolved in water, readily gives rise to the 
foriUation of a number of colloidal aggregates in solution as could be detected 
by ultramicroscope. Even after ultrafiltration of a solution of the .8-chloride 
the filtrate is found to develop again a number of colloidal particles in a 
day or two. The absorption spectra of the aqueous solutions of the two 
chlorides after ultrafiltrtion were, however. found to be ideutical. An 
X-ray study of their crystals, therefore, would help to make a definil~ 

conclusion on the point. 
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As the P-variety appears to be more stable, since it is formed from 
slightly acid solution as well as by rise of temperature form the a-variety 
in presence of steam, it may reasonably be regarded to represent the trans 
modification, the a-form having the cis configuration. 

Iu the case of nickel phenylbiguanide complexes only tbe base has been 
isolated iil .more than one form. These differ in their colour, solubi!ity and 
decomposition temperature. 

The a-nickel base is brick-red in colour and contains only ~ mole<.ule 
of water which is lost at 1:10°. It is insoluble in water, but soluble in alcohol 
and acetone changing rapidly into the yellow variety (-y). The same change 
occurs on keeping it in contact or on beating with water. 

The P-nickel base is anhydrous and light yellow in colour. It is 
insoluble in water aud all common organic solvents. On heating it decom­
poses at 265°, wl1ile the d&omposition of the a-base occurs at 257°. On 
account of its greater stability it may be represented by the trans configura­
tion. The "-form. therefore, represents the cis modification. 

Besides these a third (y) variety of yellow colour bas also been prepared. 
This is ve1·y likely a molecular compound or mixed crystals of tbe a- and /3-
forms. 

As none of the nickel phenylbiguanide salts, however, have been 
obtained in more than one form, no definite conclusion can be arrived at 
without further investigation, and the above representation regarding the 
different forms of the base as cis-t.,.ans isomers should be viewed as a tentative 
one. For they might as well be dimorpbs or polymers. 

A number of complex copper and nickel phenylbiguanide salts ha~e 
been prepared and their properties studied. Generally, the solubility of 
nickel complex was found to be much less than that of their corresponding 
copper compounds. The sulphate, iodate, bromate, chlorate and dithionate 
of nickel compounds were found lobe very sparingly sol11ble in water at the 
ordinary temperbture. 

The following compouiJds have been prepared and described in this 
paper. 

Copper. The free base, hydrated nud anhydrous in two forms--a. and 
{3 ; the chloride, bromide, iodide, nitrite, nitrate, sulphate and dithionate 
in a- and fl- forms, besides the tbiosulphate, thiocyanante, chlorate, brcmate, 
iot.late and sulphate. 

Of these, the dark rose base ({3), the red chloride (P), the rose-colou1·ed 
sulphate f/3) and the chromate have been described by previous workers 
(Smolka and Friedrich, Monatsh, ~888, 9, 227), 

:z-:r3g8P-J:2 



614 P. HAY AND K. CHA.KRAVA"RTY 

Nickel. The free base in three forms (a, {j and-y), tl1echloride, bromide 
iodide, stt!phate, iodate, nitrate, nitrite and sulphoryanidc. Of th.ese the 
free base (8), chloride and sulphate have already been described. before 
(Smolka and Friedrich, loc. cit.). 

E X P E R I M E N T A L· 

I. CopfJe-r ComPounds. 

"Copper Plrenylbiguanidit~e and its Hydrate.-The hydrate was 
precipitated in the from of light pink, finely divided crystals by adding a 
concentrated solution of caustic: soda in excess to a cold concentrated solution • of n-c:opper pbenylbiguanidc hydrochloride. This was rapidly filtered by 
suction, washed with cold wate1· and dried on a porous plate. On keeping 
m contact with water at the ordiuary tEmperature it changes into the rose­
red /3-form. It liberates ammonia from hot ammuninm chloride solution. 
(Found: N, 31'20; Cn, q'os. [Cu(PhBigH+),](OH)2 requires N, 3r'o; 
Cu, 14'o6; H,O, 7'97l. PhBigH-C1N.H,~one tr.olecule of phenyl 
biguanide. 

The substance loses 7'9% of its weight at 10C•0
-II0°. {Found: Cu, 

15'10. CufPhBig}2 requires Cu. r.:;'28 per centl. 
The anhydrous ba:st: possesses the same colour as the hydrated variety. 

The substance is soluble in methyl and ethyl alcohol and also in acetone, 
but is insoluble in chlorofo~m or benzene. M.p. (decem:>.) I55°-

Tbe molecular weight of the anhydrous substance determined by the 
boiling-point method in methyl alcoholic solution, gave a value of 382'3 

showing its monomeric nature. Calc. M. W.=4rs·s· 
/3-Coppe-r Phenylbiguanide and its Hydrate.-The /3-l:ydrate was prepared 

by-adding a concentrated solution o{ caustic soda to a hot solunon of a-eopper 
pbenylbiguanide hydrochloride. The mixture was ~11owed to cool and' the 
precipitated base was filtered and washed with water. The product was 
dried over caustic soda. {Found : N. 3r'r ; Cu, 14 ·o. [Cu(PhBigiP)s]fOH)a 
requtres N, 31'o; Cu, 14'o6; H.O, 7'97 per cent}. 

Loss at n8 .. - 7'9 per cent. {Found : Cu, 15'20; Cu(PhBigl,..requires 
Cu, 15'28%}. 

Both h:rdrated and the anhydrous base form finely divided dark red 
crystals, insoluble in water. The anhydrous base melts at r«'js~- It appears 
to be more soluble than the a-variety in alcohol and acetone. 

Molecular weight of the anhydrous base by ebullioscopic method in 
methyl alcoholic solution was found to be 366"2, showing tl;lat it is mono· 
meric, Calc. M. W.-415'5. 
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a.-Coppe,· Phen;ylbiguanidinium Chloride. 

The compound can be prepared in several ways. 
(i) By treating an aqueous solution· of 1:.he11ylbiguanide base "ith a 

solution of cupric chloride. 
(ii} By treating a hot solution of phenylbiguanide hydrochloride with 

an ammoniacal cupric chloride solution. 
(iii) By heating a solution of ammonium chloride with a-copper 

phenylbiguanide until the evolution of ammonia ceases. 
(iv} By digesting freshly precipitated ~opper hydroxide with a 5olution 

of phenylbiguanide hydrochloride on water-bath. This :method was usually 
adopted for the preparation of the substance. 

On concentrating and cooiing tl1e filtrate from copper hydroxide 
(method, i11) bluf'-violet crystals of copper pbenylbiguanide hydrochloride 
separated out. Th·e product was purified by recrystallisation at 60-70° and 
dried in air. 1Fouud: N. 23'37; Cl, n'86; Cu, ro'7o. [Cu{PhBigH +)3]Cl;6H00 
requires X, 23'50 ~ Cl, u'go; Cu, ro'66 per cent}. 

Loss of water at rxo 0 =r8'o4%· Calc.: H.O. r8'ro%. 
The anhydrous chloride retains the colour of the original hydrated 

snbstance. (!1'ound : Cu, IJ·o. Calc. : Cu, 13"02 per cent). 
Solubility at 28° =2"zo88 g. of the hydrated chloride per roo g. of the 

solution. M p. (anhydrous salt), 170° (decomp.). 
The hydrated chloride also melts at I70° on slowly heating. But on 

rapid heating or sudden immersion in a hot bath at I00°, tbe hydrate :first 
forms a frothy mass, then solidifies with rise of temperature and :finally 
melts· at 2I0°, which is the melting point of /3-copper phenylbiguanide 
hydrochloride. This suggests the transformation of a.-form into the/3-variety 
under the conditions of the experiment, i.e., rise of temperature and 
presence of steam. On the other hand, if the a.-hydrated chloride is gradu­
ally heated to make it anhydrous, it does not change into P-varie!y on furthe1· 
ri~e of temperature. Rise of temperature in presence of steam is, theref01c~ 
a necessary condition for its transformation into the anhydrous /3-variet-y. 
This can be demonstrated by actual expenmeu t and the transition tempera" 
ture thus determined was found to lie between :ro2 a and J03°. Even at the 
ordinary temperature the o. chlcride changes slowly ino the /J-form on keep­
ing in contact with water for several days. 

Equivalent conducti'llity at 28q. 

v (dilation in litres} ••• 32 1:28 512 1024 

Ay 89'1 %02'2 105'7 109'04 ru 2 115'4 

A. (n>ean) ... n7'9 from Walden's formula A.-A.(>,+ n,.n •. o·~-11-il-l 
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when: :n 1 and n 2 are the vale11cies of the cation and anion respectively 
(Walden. "Leitvormogen der Losungen," 1924, Y, 53). The mobility of 
Cu\PI1BigH+)3 =:n7"9-79"5=38"4.• the io11ic mobility of chloriue at :~s• 
being 79"5. 

Ct•yoscopic measu-rement. 

Substauce in IOO g. Depression M.W. (found) Vant Hoff's factor Degree of dissociation 
water(onthe in"C. on. M(c-alc.J .. -l-IIn-I 

anhydrous basisJ. /l.. on. !n-·J). 

0"12 202"7 

The !3-Chloride.-A concentrated solution of the a-chloride was heated 
to boiling and acidified distinctly with hydrochloric acid. The solution was 
then almost neutralised with caustic soda solution and boiled further for about 
I miuute. It was then filtered hot and tl1e :filtrate heated once more and 
then allowed to cool. On keeping overnight, the .B-chloride separated out in 
the form of red crystals. These were purified by recrystallisat:ion and dried 
in air. {Found ; N, 25"83; Cl, I2"go; Cu, u"75; H 20 (loss at II0°), 
g"6o. [ Cu( PhBigH+ la ] Cl2 , 3H,.O requires N, 25"8o; Cl, IJ"o8; 
Cu, n"72 ; H,.O, g"gs per cent}. 

For the anhydrous salt (Fquud ; Cu, I2.95· Calc. ; Cu, 13"o2%). 
Smolka and Friedrich Cloc. cit.) described a carmine-red chloride contain­

ing I! H,.O only. 
The solubility of the .B-chloride (hydrated) at 28° is considerably less 

than that of the a-chloride and is equal to 1"6oss g. per zoo g. of solution. 
The anhydrous compound retains the colour of the original hydrate ; m.p. 
(both hydrated and anhydrous), 210°. 

A fresh1y prepared solution of the {3 chloride is red-violet and is found 
to LOntain a .nuntber of colloidal aggregates when examined under the 
microscope. After ultrafiltration the colour of the solution beccmes identi­
cal (blue-violet) \\ ith that of the a.-chloride, but turns red-violet again in a 
day or two. The phenomenon is possibly connected with its increased 
tendency to hydrolysis. 

Equi'iJalent conducti1Jity at 28". 

v ,litres) J2 I28 256 512 

:no·g 

11.. (mean)= n7"5 
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CTyoscopic measur.:mcn I. 

RnJ?stancl" in 100 g. Depre,.sinn llf. W. (founrl) \'ant Hoff's fac:-lor 
.,-ater {on the in "C m. 

anhydrous basis). Ll.. 
• 111 icalt-.) 
1-=--·---

"' 
a·ros 2"80 

ll<"gree of rli.•<"'("iAtion 
grci-1/U-J 

v•=Jl-

·go 

The degree of dissociation is much higher than tl1at of the a-variety 
{o"74). 

The a-BTomide.-This was prepared by adding a concentated solution of 
potassium bromide to a cold concentrated ~elution of the complex a.-chloride. 
This was filtered, washed with water and dried on a porous plate. It fonns 
finely divided, light pink coloured crystals. {:Found : N, 22"89 ; Br, 26"20; 
Cu, :~o"28. [Cu(PhBigH· J:a]Br2 , 2H 20 requires N, 22"8o; Br, 26"o8; 
Cu, ro"3o per cent}. Solubility at 28"=:~·7:1 g. per roo g. of the solution. 

When the n-bromide was kept in contact with its solution at the ordi­
nary temperature, it gradually changed into the deep rose-coloured 
.8-bromide. The s:~me transformation occurs on keeping the moist a.-bromide 
for some days. 

The .8-BTomide.-V,rhen the a-bromide was kept in contact with its solu­
tion in a beaker for 3-4 days, it completely changed into the deep rose-red 
.B·variety. This was washed n·ith water and dried in air. {Found : Br, 
26"21 ; Cu, Io"2o. [Cu(PhBigH-}2 ] Br2 , 2H2 0 requires Br, 26"o8; Cu, 
w"3o per cent}. Solubility at 28u= 1"55 g. in 100 g. of the solution. 

The a-Iodide was precipitated in the form of finely divided, light 
pink crystals by adding a concentrated solution of potassium iodide iu excess 
to that of the a-chloride in the cold. The precipitate was \\·as~ed w.ith 
water and dried on a porous plate. On boiling with water it changes 
into the brown fJ-form. {Found: N, 19"77; I, .;5"9o; Cu, 9"01. 
[Cu(PhBigH+J,] I., 2H2 0 requires N, 19"79; I, 35"88; Cu, 8"97 per cent}. 

The /3-iodidc was prepared by heating the n-iodide with water to I00° 
and then keeping the- mixture overnight. The product wos ,,·ashed with 
water and dried in air. It forms brown coloured crystals, difficultly soluble 
in water. {Found : 1, 35"6o; Cu, 8"90. [Cu{PhBigH+}s]I., 2H.O Iequires 
I, 35"88; Cu, 8"97 per cent}. 

The a-71itratc was obtained as a violet coloured, crystalline precipitate 
by adding a cold concentrated solution of potassium nitrate to that oi 
a-chloride, cooled in ice. The prec·ipitate was washed with L-old water, 
dried first on a porous plate and then over concentrated H.SO.. {Found : 
Cu, :u "70; NO., 22"6o. [Cu(PhBigH+).J (NO.l. requires Cu, n"72; NO., 
22"89 per cent}. Solubility at 28° = 0"4988 g. in roo g. of the solution. 
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When kept in coo tact with its solutiott it graduaily changed into tbe 
red /3-form in 3 to 4 days. 

v 1Htre5) lCI~4 

y2"2J 100"9 H>J"fi wB'g 

A~ (mean) IIO"S 

The /3-nitrate. was prepa1·ed from tl1e ••·Variety by keeping it in contact 
witlt water for 7 days when a complete change into the red /1-fonn occurs. 
{Found: Cu, II"39; NO., 21"77. [Cu(PhBigH)+ .](NO.J •• H.O requires Cu, 
n"36; N03 , 22"16 per cent}. Solubility at 28°=0"2923 g. in 100 g. of the 
solution. 

The a.-sulphate was obtaint!d as a sparing!y soluble, pink coloured 
crystalline precipitate by adding a concentrated solution of potassi11m sulphate 
in excess to that of the a-chloride, washed and dric<l as usual. When heated 
with water it changes into the violet-red #-form. {Found: Cu, 10"92; SO, 
16"71. [Cu(PhBigH+). so.], 4H.o requires Cu, !0"84; so •• 16"40 per cent:. 

'fhe /3-sulpha!e was prepared by heating the a-sulJ.>hate with water to 
100° and keeping the product overnigltt. It forms sparingly soluble, 
violetred crystals. {Found: N, 23"II; Cu, 10"45; SO., r6'2o. 
[ Cu( l'hBigH+ )2 ]S04 , sHaO requires N, 23"19; Cu, :10"53; SO. 15"9 
per cent}. 

Smolka and Friedrich (loc. cit.) bave described a rose-red sulphate 
with rl HaO. 

The a.-1111 rite was prepared by adding a col<l concentrated solution of 
sodium nitrite to that of the a.-chloride, cooled in ice. The red-violet pre­
cipitate ~as allowed to settle, filte1·ed by suction, washed'' ith ice-cold \\lllel 
and dried on a porous plate. It is very unstable iu the moist state and 
changes rapidly at the room temperature into the /3-form. {Found : Cu, 
12"05; NO,., 1'1"30. [Cu(Ph BigH•J:,.] (NO,.),., H:O requires Cu, u·os; NO,., 
17"44 pet' ceut}. Solubility at 28°- o"o96 g. per 100 g. of the solution. 

The /3-mtrite was prepared by keeping the a-nitrite in contact with 
water for a day or two till complete transformation cccurs. It forrr.s 
dark violet crystals, sparingly soluble in water. It is nearly so% less soluble 
tban the a.-form. {Found: Cu, 12"44; NU2, 18"os. [Cu(PhBigB+Iol (NOsla 
requires Cu, 12"47; N02 , 18"os per cent}. Solubility at 28°=o"o457 g. 
per roo g. of the solution. 
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The a-dithionate was obtained from "' concentrated solution of sodium 
dithionate and that of the a-chloride. The light pink-coloured precipitate 
was washed with water, dried first on a porous plate and tben in a desiccator 
over HaSO... When heated with water it chaiJges mto the red f.-form. 
{Found: Cu, u·o; S,.O., 28'o. [Cu(PhBigH+).Js.o. requires, Cu, xo'gg; 
s.o •• 27'70 per cent}. 

The f3-ditltioJtate was prepared by heating the a-variety with a little 
water and keeping the product overnight. 'l'his was washed with water 
and dried in air. The sub:.tance forms red crystals, spariDgly soluble iD 
water. {.Found: Cu, 10"68; s.o., 27'o. [Cu( PhBigH+ ),]s.o., ll2 0 
requires Cu, xo'66; 8 2 0 6 , 26'88 per cent}. 

Coppe-r Phen;ylbiguanidi1zium sulphite was obtained as a dark violet 
crystalline precipitate by addiiJg a concentrated solution of the m-chloride 
to that of sodium sulphite. The product was ·washed with water and dried 
in air. {Found: N, 23'55; Cu, Jo'7o; so., x4'os. [Cu(PhBigH+Ja]SO .. 
sH;.O requires N, 2,3"8e; Cu. xo'8o; S03 , 13'6o per cent}. 

The tlziosulf?".ate was pzepared by addiiJg a concentrated solutioiJ of 
sodium thiosulphate to that of the complex a-chloride. The light blue, 
crystalliDe precipitate was washed with water aiJd dried in air. {Found : 
N, 24'8o; Cu, u·2o; S 20a, xg'gs. [Cu(PhBigH+) .. ]S,.03 , aH,.O requires 
N, 24'75; Cu, n'24; s.o •• zg'Bo per cent}. 

The thiocyanate was obtained from a cooceDtrated solution of ammonium 
thiocyanate and that of the n-chloride. The piDk colonred crystaJliiJe 
precipitate was washed and dried as usuaL {Found: N, 30.40; S, n'7x ; 
Cu. n·so. [Cu(PhBigH+)2](SCN)~·n~o requires N, .Jo'4o; s. n'6o; 
Cu. u·s3 per ceiJt.} 

The chlorate was prepared from a concentrated solutiOD of potassium 
chlorate and that of the complex chloride. The pink coloured crystalline 
precipitate was washed with water and dried over HsSO& in a desiccator. 
The dry salt explodes on rubbing in a mortar. {Fouud: Cu, Io'Ss; CIO., 
28'20. [Cu(PhBigH+)~](C103} 2 requires Cu, xo'Ss; ClO •• 28'56 per cent}. 

The b-romate was obtained from potassium bromate and the a·ch'oride 
as in the previous case. It fonns pink coloured crystals and explodes like 
the chlorate \\hen ground in a mort:u. {Fouud: Cu, 9'48; BrO., 37'87. 
[CuPhBigH+)2](Bz 0.)2 requires Cu, 9'43; BrOa, 38'o per cent}. 

The iC!daie was obtained as violet crystals from potassium iodate and 
the complex chloride. This was washed and dried as in the previous case. 
{Found : Cu. 8'22 ; 10 •. 44 '79. [Cu(PbBigH+),](IOah requires Cu, 8'27; 
IO., 45'60 per cent}, 
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Nickel Compounds. 

a.-Nickel Phenylbiguanidine and iis H~yd.,ate.-'To a cold C8°-:ro 0
) con­

centrated solution of nickel pheuylbiguanide hydrochloride a cold concen­
trated solution of caustic- soda was rapidly added in excess. The red 
precipitate was immediately washed with ic~-cold water, dried :first on a 

porous plate and then over caustic potash. {Found: N, 33"09; Ni, 13"88 
NifPhBig) 2 • lH20 requires N, 33"36 ; Ni, 13"99 per cent}. 

When heated to 1 T0° tor 2 hours it lost :z% of its weight without any 
change of colour. Calc. H,O, 2.I4 per cent. 

[Found for anhydrous prcduct: Ni, 14·u. Calc.: Ni, 14"22 percent]. 
The substance is soluble in methyl alcohol, ethyl alcohol and also in 

acetone forming an orange-red solutiou, but rapidly separates out in the 
form of a yel:ow powder 1/3-v::uiety'. The same cha11ge is also observed to 
occur in the moist state. It decomposed at 255° without melting. 

13-.Nicke/ Pllenylbiguanidi11e was precipitated a!< a light yellow, crystalline 
powder by adding a concentrated solution of caustic soda to a warm solution 
of the hydrochloride. This was washed with water and dried over caustic 
soda. {Found: N, 33 "73 ; Ni, 14 · r 2. Ni(PbBig)s requires N, 34."09; 
Ni, 14"22 per cent}. 

The substance is insoluble in alcohol, acetone or water, and decomposes, 
without melting at about 265°. The compound has also been described by 
Smolka and Friedrich (loc. cit.). 

-y-Nici.:el Phenylbi~:uanidine af'ld ils Hyd.,ate.-This was prepared by 
keeping the moist a-variety at the room temperature, when after 2 to 3 days 
the mass changed completely into a deep yellow product. This was dried 
over caustic soda. {Found: N, 33":ro; Ni, 1:3"93; H 2 0 (by loss at noc) 
z"o4. Ni(PlJBig)2, ~H20 requires N, 33"36; Ni, 1:3"99; HzO, 2"1:4 per 
cent}. 

There was no change of colour on dehydration. 

The anhydrous product gave Ni, 14"1:7; Calc. 1:4"22 per cent. The 
substance is in:;;oluble in alcohol, acetone or water and decomposes without 
melting at 263°. This is likely to be a molecular compound or solid solution 
of a.- and /3-variely. 

Nickel plzef'lylbiguanidi11iutn chlo1ide ~·au be prepared by auy of the 
following methods. 

(a) By the action of phenylbiguanide l1ydroxide ou u so:utic_,u of nickei 
chloride. 

(b) By adding a solution of ammoniacal nickel chloride to that of phen;vl­
biguanide hydrochloride. 
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(c) 1t was, however, prepared by digesting a solution ofphenylbiguanide 
hydrochloride with excess of freshly prepared nickel hydroxide. The 
mixture was filtered hot. The· filtrate on concentration nod cooling 
deposited golden yellow crystals of nickel phenylbiguanidinium chioride. 
These were purified by recrystallisation either from water or from absolute 
alcohol and dried in air. {Found: N, z6'3o; Cl, rJ"zo ; Ni, rr'o8; H 10 
(by Joss at I 10"), 8'43· [Ni (PhBigH•).]CI., ztH10 requires N, z6'so ; 
Cl, 13'43; Ni, u·12; H.o. 8"52 per cent}. 

The anhydrous chloride gives Ni,rz"rr; Calc. Ni, 12"14 per cent. 
Smolka and Friedrich (loc. cit.\ have also describsd the anhydrous 

chloride. 
The bTom;de was obtained as a bright yellow crystailine precipitate by 

ndding a hot concentrated solution of potassium bromide to that of the 
complex chloride. This was washed with water and dried in air. {Found : 
N, 22"8o; Br, z6'zo; Ni, g"So. [Ni(PbBigH•).]Br2 , zH10 requires N, 
23·0, Dr, 26'28; Ni, g'64 per cent}. 

The iodide was prepared from potassium iodide and the complex 
chloride as described above. The sparingly soluble, yelJow crystals of the 
iodide were washed and dried as usttal. {Found : N, zo· 30; ·r, 37"0; Ni, 
s·sg. [NHPhBigH+)2 ] r •. u.o requires N, 20'44; I, 37·og; Ni, 8'57 per 
cent}. 

The diiflion.Jte was obtained from concentrated solutions of sodium 
dithionnte ami the complex chloride. On cooling, the dithionate separated 
in the fmm of yellow crystals- {Found: N, 24'40; Ni, Io"23; 5 2 0 8 , z8"IJ. 
[Ni (Pl1BigH • ).] s.o. requires N, 24 '48; Ni, xo'zs; s.o., 27'95 per cent}. 

The t T!io.~u:phate \HIS obtaiued from nu excess of n concentrated solution 
of sodium thiosuiphate and that of the complex chioride. The yellow 
crystalline precipitate was wasl1ed and dried as usual. {Found : N, 26"so; 

Ni, i1'r7; S20a, 21'53· [Ni(PhBigH+lsJ SaOa requires N, z6"6S; Ni, 
n"IS; S~03 , 21'.33 per cent}. 

The nitrate separated in th.! form of finely divided, bright yellow 
crystals on cooling a mixture of concentl·ated solutions of potassium 
nitrate and the complex chloride. {Found: Ni. 1o·so; NO., 22"50. 
[Ni(PhBigH+).] (NO.l3 , H 0 0 r~quires Ni, xo·ss; NO., 22'35 per cent}. 

The. 5Ulf>l•ate was obtained as yellow crystals by pt·ecipitating a COD• 

centrated solution of the complex chloride with t11at of potassium sulpl1ate. 
{Found ; Ni, xo'7o; so., 17'7o. [NHPbBigl-t+J.]SO., 2Hs0 requires 
Ni, r:o'77; so., r:7"6I per cent}. 

The sulphate has also been described by Smolka and Friedrich 
(loc. cit-), which. however, <-ontains I~ H.o only. 

J-IJg8P-J2 
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Tire sulphite.-A concentrated solution of sodium sulphite in excess 
was added to a hot concentrated solution of the complex chlorilie. On 
cooling, the yellow crystals of the sulphite gradua1ly separa.ted out. {Found: 
Ni, n·sJ; so •. I5'75· [Ni(PhBigH+) 2 ]So., HaO requires Ni, u·so; 
so., 15'65 per cent}. 

The chlorate was obtained as a light yellow, crystalline precipitate 
by adding an excess of a cono.:entratc"'l! sQ]ution of potassium chlorate to 
that of the complex .chloride. !Found : Ni, Io'xo; Cl08 , :z8'2o. 
[Ni(PhBigH+)~](Cl0.)2 requires N;, IO'I4 ; Cl03 , 28'8 per cent} . 

. The bromate was obtained as sparingly soluble, orange coloured crystals 
from a concentrated solution of potassium bromate and a hot concentrated 
solution of the complex chloride. {Found: Ni, 8'72 ;· BrOa. J7'gz. 
[Ni (PhBigH•)2 ] (Bro.J. requires Ni, 8'77; Bro •• 38'27 per cent}. 

The iodate was obtained as orange-red, crysta11ine precipitate by adding 
a conC"entrated solution of potassium iodate to that of the comp!ex cbloride. 
{Found: Ni, 7'31; 10., 43.54· [Ni(PhBigH +),.](lOa),., 2H .. O requires 
Ni, 7'34; 10 •• 43'82 per cent}. 

The thiocyana.te was prepared as a yellow crystalline precipitate by 
adding a concentrated solution of potassium thioc:yanate to that of 
the complex chloride. {Fou11d: N, 32'22; S, 12'2:1; Ni, n'os. 
[Ni(PhBigH:l:)(SCN) 2 requires N, 31'78; S, I2'Io; Ni, u'IO per cent}. 

The tJihite was obtained from a concentr3ted solution of sodium nitrite 
and that of the complex chloride. rt forms sparingly solub'e. orange-yellow 
crystals. {Fo11nd: Ni, n'zs; ~NO,, 1S'o. [Ni(PhBigH +) 2 ](N02 ) 2 , H 21J 

requires Ni, n'z3; NO,.; I7'6o per ceut}. 
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