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Abstract:
The syntheses of five new amidine-transition metal complexes are reported. Three of these complexes,
acetamidinium tetrachlorocuprate, acetamidinium tetrachlorocobaltate and acetamidinium
trichloronickelate, appear to be analogous to the corresponding cesium complexes. Copper (II)
acetamidinate and copper (II) benzamidinate have also been prepared.

Solution and diffuse reflectance spectra have been determined for all five complexes. Magnetic data
have been obtained for the chlorocuprate, acetamidinate and benzamidinate. These data suggest
possible structures, but do not allow unequivocal structural conclusions. 
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ABSTRACT

The s y n th e s e s  o f fiv e  new  a m id in e - tra n s it io n  m eta l co m p lex es  a re  r e ­
p o rte d . Three of th e s e  c o m p le x e s , a ce tam id in iu m  te tra c h lo ro c u p ra te , 
a ce tam id in iu m  te tra c h lo ro c o b a lta te  and  ace tam id in iu m  t r ic h lo ro n ic k e la te , 
a p p e a r  to  be a n a lo g o u s  to  th e  co rre sp o n d in g  ces iu m  c o m p le x e s . C opper (II) 
a c e ta m id in a te  an d  co p p er (II) b e n za m id in a te  h av e  a ls o  b een  p re p a re d .

S o lu tio n  an d  d iffu se  re f le c ta n c e  sp e c tra  h av e  b e en  d e te rm in ed  for a ll  
f iv e  c o m p le x e s . M ag n e tic  d a ta  h ave  b e en  o b ta in e d  for th e  c h lo ro c u p ra te , 
a c e ta m id in a te  an d  b e n z a m id in a te . T h ese  d a ta  su g g e s t p o s s ib le  s t r u c tu r e s , 
b u t do not a llo w  u n e q u iv o ca l s tru c tu ra l  c o n c lu s io n s .



INTRODUCTION

The a b i l i ty  of the  a c e ta te  an io n  to  fu n c tio n  a s  e ith e r  a m onoden ta te  or 

a b id e n ta te  lig a n d  (for w hich  th e re  e x is t  th ree  p o s s ib le  co n fig u ra tio n s  a s  

show n in  F igure I) in  com plex  fo rm ation  w ith  tra n s it io n  m e ta ls  h a s  been  

d e m o n stra ted  (1 -5 ) . C om plexes su ch  a s  co p p er (II) a c e ta te  m o n o h y d ra te , in  

w hich  th e  b id e n ta te  n a tu re  of th e  a c e ta te  a n io n  h a s  b een  e s ta b l is h e d  (2), 

h av e  evoked  c o n s id e ra b le  in te re s t  in  re c e n t y e a r s . M uch e ffo rt h a s  b een  

ex p en d ed  in  a ttem p tin g  to  e lu c id a te  th e  n a tu re  of the  bonding  in v o lv ed  in  

th e s e  c o m p le x e s , p a r tic u la r ly  th e  bonding  in v o lv ed  in  th e  s y n -s y n  b id e n ta te  

c o m p le x e s .

Syn-A nti S yn-S yn A nti-A nti

F igure I . B iden ta te  C o n fig u ra tio n s

The s tru c tu re  of co p p er (II) a c e ta te  m onohydrate h a s  b e en  determ ined  

c ry s ta l lo g ra p h ic a l ly  (2 ). The com plex  is  d im eric  and  h a s  a s tru c tu re  in  

w h ich  the  C u -C u  d is ta n c e  is  2 .64  % (only s lig h tly  g re a te r  th a n  th e  C u-C u  

d is ta n c e  o f 2.56%  in  m e ta llic  c o p p e r ) , th e  C u-O  d is ta n c e  is  1.97% , and  Cu 

is  d is to r te d  o u t o f th e  CuO^ p lan e  by 0.22% .

C opper (II) a c e ta te  m onohydrate  e x h ib its  an  an o m alo u sly  low  m agnetic  

m om ent of 1.42 Bohr M ag n e to n s  (com pared to  th e  s p in -o n ly  v a lu e  of
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HgO
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F igure 2 . S tru c tu re  of C opper (II) A ceta te  M onohydrate

1.73 B. M . norm ally  o b se rv ed  for Cu (II) com pounds) a t  room tem p era tu re  and  

a ls o  d is p la y s  an  abnorm al m ag n etic  s u s c e p t ib i l i ty  v e rsu s  tem p era tu re  curve 

(6 ). R ather th a n  d e c re a s in g  w ith  in c re a s in g  te m p e ra tu re , a s  w ould  be p re ­

d ic te d  by th e  C u r ie -W e is s  la w , th e  s u s c e p t ib i l i ty  in c re a s e s  w ith  in c re a s in g  

tem p e ra tu re  up to  ab o u t room te m p e ra tu re . At th is  po in t the  s u s c e p tib i l i ty  

b e g in s  to  d e c r e a s e .  A d e fin ite  maximum in  th e  s u s c e p t ib i l i ty  c u rv e , in d i­

c a tin g  a n tife rro m a g n e tic  b e h a v io r , is  re a c h e d  befo re  a d h e ren c e  to  the  

C u r ie -W e is s  law  b e g in s .  T h is maximum a llo w s  one  to  c a lc u la te  a m agnetic  

e x ch an g e  en erg y  b e tw ee n  co p p er io n s .  The fo rm ation  of a ve ry  w eak S  
bond b e tw ee n  co p p er io n s  form ed by 3dx 2_y.2~^^x 2_y2 o rb ita l o v e rlap  h a s  

b e en  p o s tu la te d  (6) to  a c c o u n t for the  o b se rv ed  ex ch an g e  e n e rg y . Param ag­

n e tic  re so n a n c e  sp ec tru m  s tu d ie s  (7) an d  a m o lecu lar o rb ita l c a lc u la tio n  (8) 

len d  su p p o rt to  th is  ty p e  of d ire c t  ex ch an g e  in te ra c t io n  h y p o th e s is .  Another 

d ire c t  ex ch an g e  in te ra c t io n  p o s tu la te  in v o lv in g  th e  fo rm ation  o f a s trong  CT 

bond form ed by  3 d z2 -3 d z 2 o rb ita l o v e rlap  h a s  a ls o  b een  ad v an c e d  (9). Al­

th ough  th e  form er e x p la n a tio n  of th e  bonding  in v o lv ed  in  th e  co p p er (II)
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a c e ta te  d im er h a s  th e  more s u p p o r t , n e ith e r  e x p la n a tio n  seem s to  be e n ­

t i r e ly  a d e q u a te .

C opper (II) form ate  te t r a h y d ra te , w hich  a ssu m e s  an  a n t i - a n t i  co n fig u ­

ra tio n  (10), a ls o  e x h ib its  an  a n o m alo u sly  low  m agnetic  m om ent, hav ing  a 

m om ent of 1.64 B. M . (11).

O H 2 O H 2

O H 2 O H 2

F igure 3 . C opper (II) Form ate T e trah y d ra te

The long  d is ta n c e  of 5 .8 0 $  b e tw een  co p p er io n s  p re c lu d e s  invoking  a

d ire c t  e x ch an g e  in te ra c t io n  m echan ism  to  e x p la in  th is  s tro n g e r- th a n -n o rm a l

m ag n etic  in te ra c t io n . A su p e r ex ch an g e  v ia  a it pa thw ay  e s ta b l is h e d  by the

3d. or 3d o rb ita ls  o f th e  co p p er ion an d  th e  2pm- o rb ita ls  of th e  bridging yz  x z  "
form ate  group h a s  b een  su g g e s te d  to  e x p la in  th e  o b se rv ed  in te ra c t io n  (12).

A s im ila r  p a th w ay  may a ls o  be c o n s tru c te d  for th e  copper (II) a c e ta te  dim er 

and  su p e r-e x c h a n g e  m ay th en  be c o n s id e re d  a s  a p o s s ib le  m echanism  for i t s  

in te ra c t io n . A co m b in a tio n  of d ire c t  and  su p e r ex ch an g e  m ay a ls o  be co n ­

s id e re d  a s  a p o s s ib le  m echan ism  in  th is  c a s e .  The p re c is e  n a tu re  of the  

m e ta l-m e ta l bond in  th e  s y n -s y n  b id e n ta te  c o m p le x e s , a ssu m in g  o n e , in  

f a c t ,  e x i s t s ,  rem ain s  an  in te re s t in g  and  u n so lv e d  p rob lem . The p re se n t 

p ro je c t is  p a rt o f a la rg e r program  d e s ig n e d  to  h e lp  so lv e  th is  p ro b lem .
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I, S -D ip h en y ltria zen id o co p p er(I)  h a s  a s y n -s y n  'b id en ta te  s tru c tu re  

v e ry  s im ila r  to  th a t  o f co p p er (II) a c e t a t e , b u t th e  s tru c tu re  of th e  Cu (II) 

co m plex  h a s  no t b e en  d e te rm in ed  u n e q u iv o c a lly . I t h a s  b e e n  a s s u m e d , . 

h o w e v er, th a t  th e  s tru c tu re  is  a ls o  a s y n -s y n  dim er (13). 1 ,3 -D ip h e n y ltr i-  

a z e n id o  C u (II) h a s b e en  re p o rte d  to  be d ia m a g n e tic  a t  room tem p era tu re  (13). 

P re su m ab ly , in c re a s e d  m ag n etic  in te ra c t io n  m ay be due to  one o f , or a com ­

b in a tio n  o f ,  a t  l e a s t  tw o f a c to r s .  A d e c re a s e d  m e ta l-m e ta l d is ta n c e  w ould 

a llo w  more e x te n s iv e  o rb ita l o v e rlap  an d  c o n se q u e n tly  g re a te r  m agnetic  in ­

te ra c t io n  w ould  o c c u r . A m ore s tro n g ly  e le c tro n  re le a s in g  lig a n d  sh o u ld  in ­

c re a s e  th e  m eta l o rb ita l  e le c tro n  d e n s ity  an d  th e re b y  a ls o  in c re a s e  the  

o rb ita l  o v e rla p ..

The p re p a ra tio n  an d  s tu d y  of t r a n s i t io n  m eta l co m p lex es  em ploying  l i ­

g an d s  o th e r  th a n ,  bu t g e o m e tr ic a lly  s im ila r  to ,  a c e ta te  m ay w e ll p rovide 

in fo rm atio n  in  u n d e rs ta n d in g  th e  n a tu re  o f th e  m e ta l-m e ta l bonding  in  c o p r  ■ 

per(II) a c e ta te  an d  th e  co m p lex es  w h ich  e x h ib it  s im ila r , abnorm al m ag n e tic  

p ro p e r t ie s .  I t m ay be p o s s ib le  to  s y n th e s iz e  a s e r ie s  o f s y n -s y n  b id e n ta te  

d im ers w h ich  h av e  s tru c tu re s  in te rm e d ia te  to  copper(II) a c e ta te  an d  1 ,3 -D i­

p h en y l tr ia z e n id o c o p p e r  (I I ) . For ex am p le , th e  s u b s t i tu t io n  o f n itro g en  for 

on© a c e ta te  oxygen  and  th e n  s u b s ti tu tio n  o f n itro g en  for bo th  o x y g en s 'w o u ld , 

p ro v id e  su ch  a s e r i e s ; A s e r ie s  of th is  ty p e  sh o u ld  p rov ide  m agnetic  in fo r­

m ation  w hich  w ould  augm en t u n d e rs ta n d in g  of th e  m agnetic  in te ra c t io n s  and  

m e ta l- to -m e ta l  bonding  in  th e s e  co m p o u n d s.

The a m id in e s , w h ich  a re  n itro g en  a n a lo g s  to  th e  a lk a n o a te s , have  

b e e n  s e le c te d  a s  on e  ty p e  o f lig a n d  to  em ploy in  th is  e ffo r t . I t  i s  the
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p u rp o se  o f th e  p re s e n t w ork to  s y n th e s iz e , in  p a r t ic u la r , Cu (II) a c e ta m i-  

d in a te  an d  to  perform  p re lim in a ry  in v e s t ig a tio n  o f th e  co m p lex .



EXPERIMENTAL

P rep a ra tio n  o f Sodium  an d  P o ta ss iu m  Amide

P o ta ss iu m  or sodium  am ide can  be p rep a red  by the  a c tio n  o f p o ta ss iu m  

or sodium  m eta l on liq u id  am m onia u s in g  fe rric  n itra te  h e x ah y d ra te  a s  the  

c a ta ly s t  (14):

The p rocedu re  fo llow ed  in  th e  above  p re p a ra tio n s  is  e s s e n t ia l ly  th a t of 

G re en lee  an d  H enne (14) w ith  th e  e x c e p tio n  th a t a d d itio n a l d ry ing  p re c au ­

tio n s  w ere o b s e r v e d . D rying w as e ffe c te d  by w ithdraw ing  liq u id  ammonia 

from an  in v e rte d  com m ercial c y lin d e r  in to  a la rg e  (3 -5  lite r)  th re e -n e c k e d  

f l a s k , w hich  w as in s u la te d  an d  had  one neck  f it te d  w ith  a tw o -fo o t drying 

tu b e  to be a tta c h e d  la te r  to  a re a c tio n  f la s k .  W hen th e  f la s k  w as h a lf - f i l le d  

w ith  liq u id  am m onia , five  to  f if te e n  g ram s of c u t sodium  m eta l w ere in tro ­

d u ced  th rough  th e  th ird  n e c k . A fter th e  am m onia had  b een  in  c o n ta c t w ith  

th e  sodium  m eta l for five  to  e ig h t h o u r s , it w as p a s s e d  th rough  th e  drying 

tu b e  c o n ta in in g  KOH in to  a o n e - l i te r  re a c tio n  f la sk  w here i t  w as  co n d en se d  

by a dry ic e - a c e to n e  c o n d e n s e r . The p roced u re  d e sc r ib e d  by G reen lee  and  

H enne w as th e n  a d h e red  to  c lo s e ly .

A ttem pts to  P repare  Sodium and  P o ta ss iu m  A cetam id ina te

C o rn e ll (15) d e s c r ib e s  th e  p re p a ra tio n  of the  sodium  and  p o ta ss iu m  

s a l t s  o f a c e ta m id in e  by th e  re a c tio n  b e tw een  sodium  or p o ta ss iu m  am ide and  

a c e to n itr i le  in  liq u id  am m onia:

M (M =K  or Na) + NH3 (I)
Fe(N O 3) 3 • 6 H2O

MNH2 + 2 H 2 .
I
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R eac tio n s  em ploy ing  bo th  sodium  an d  p o ta ss iu m  w ere a tte m p ted  s e v ­

e ra l tim es  w ith  v a r ia tio n s  in  th e  ra te  o f a d d itio n  o f re a c ta n ts  an d  by re v e rs ­

ing th e  o rd er of a d d it io n . In v a ria b ly , th e  p ro d u c t w as a red d ish -b ro w n  so lid  

w hich  becam e very  hard  upon s it t in g  an d  w hich  w as in so lu b le  in  w a te r , 

e th a n o l ,  a c e to n i t r i le  an d  d ilu te  h y d ro ch lo ric  a c id .  T hese  o b se rv a tio n s  su g ­

g e s t  th a t  c o n s id e ra b le  p o ly m eriza tio n  o c c u rs  ra th e r  r e a d ily . The sodium  

re a c tio n  seem s to  be more s u s c e p tib le  to  p o ly m eriza tio n  th a n  d o es  th e  po­

ta s s iu m  re a c t io n .  C om m ercial sodium  a m id e , w hich  d o es  no t seem  to  be a s  

re a c tiv e  a s  th e  sodium  am ide p rep a red  by th e  m ethod of H enne and  G reen ­

le e ,  g iv e s  very  poor r e s u l ts  in  th e  abo v e  a d d itio n . The le s s e r  re a c tiv i ty  of 

th e  com m ercial sodium  am ide is  p robab ly  due to  i t s  low er p u rity  an d  to  the  

fa c t th a t  th e  com pound is  sh ip p ed  under m in era l o i l ,  w hich  is  ra th e r d iff i­

c u lt  to rem ove c o m p le te ly .

S y n th e s is  o f A cetam idin ium  C h lo rid e

A cetam idin ium  c h lo rid e  is  m ost c o n v e n ie n tly  p rep a red  by th e  m ethod 

of P inner (16,17):
/O C 2H 5

NHo , Cl 
©  ̂ ©

C H 3CN + C 2H 5OH + H Cl ------------- » C H 3C

G H 3C ^
/G G 2H 3 C 2H 5OH

f ( § 2 . S
NH2 , C l
© 0

/ # 2  ©Id

NH3 »  c h ^ 112

C H 3C x (© , C l
NHr

^N H 2 NH, , c?
CHoC <-----> CH2C

^ N H 9 , Cl NHr
©  ̂ ©

D ry hydrogen  c h lo rid e  g a s  is  p a s s e d  in to  a so lu tio n  o f a c e to n itr i le  and  e th ­

a n o l to  form th e  ace tim id o  e th y l e th e r  h y d ro c h lo rid e , w hich  is  th en  tre a te d



8
V

w ith  an  am m onia c a l- a lc o h o l  so lu tio n  to  form th e  ace tam id in iu m  ch lo rid e  „

The y ie ld  o f pure ace tam id in iu m  ch lo rid e  a f te r  two re c ry s ta l l iz a t io n s  from 

d ried  a b so lu te  e th a n o l is  65 to  70% of th e  th e o re t ic a l  y ie ld .

There e x is t s  a d is c re p a n c y  in  th e  l i te ra tu re  on th e  m eltin g  po in t of 

th is  s u b s ta n c e .  The H andbook of C h em istry  an d  P h y s ic s  (18) l i s t s  a m elting  

p o in t o f 1 6 6 -1 6 7 °C  for a c e ta m id in e . D ox (16) re p o rts  a m eltin g  p o in t of 

o f 1 6 4 -1 6 6 , P in n e r (17) re p o rts  166-167, an d  L a n g e 's  H andbook of C h em istry  

(19) l i s t s  a m eltin g  p o in t o f 177° fo r ace tam id in iu m  ch lo rid e  Hammond and  

N eum an (20) g iv e  a m eltin g  p o in t o f 1 6 5 -1 6 8 °  for th e  sam e co m pound . A ce­

tam id in ium  c h lo rid e  s y n th e s iz e d  in  th is  la b o ra to ry  m elts  a t  1 7 5 -1 7 6 °  and  a 

sam ple  .of th e  com pound o b ta in e d  from E astm an-K odak  C om pany m elted  a t  

1 7 4 -1 7 7 ° . . .

A ttem pts to  C o n v ert A cetam idin ium  C h lo rid e  to  Sodium A cetam id in a te

■ I t  seem ed  re a so n a b le  th a t  th is  c o n v e rs io n  cou ld  be e ffe c te d  by r e a c t ­

ing  ace tam id in iu m  c h lo rid e  w ith  a sodium  a Ikox ide  u s in g  th e  co rresp o n d in g  

v a lc o h o l a s  th e  so lv en t:

H o w ev er, th e  sy s te m s  em ploy ing  e th a n o l , 1 -p ropano l a n d  I - b u tan o l fa ile d  to  

p roduce  s a t is fa c to ry  r e s u l t s .

The sodium  a Ik o x id es  re a d ily  rem ove hydrogen  ch lo rid e  from a c e ta m i­

dinium  c h lo r id e . Sodium  e th o x id e , h o w e v e r , re a c te d  no f a r th e r , a s  e v i­

d e n c e d  by  a n e u tra liz a tio n  t e s t  w ith  s ta n d a rd  a c id ,  an d  is  a p p a re n tly  no t a 

s tro n g  enough  b a s e  to  a b s tr a c t  an  am id in e  p ro to n .

A lthough th e  f in a l p ro d u c ts  from th e  sodium  propox ide  an d  sodium  b u - 

to x id e  re a c t io n s  w ere no t i s o la te d ,  re a c tio n  w ith  C uClg (2:1 m olar ra tio ) in
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s itu  p ro duced  i l l - d e f in e d  g reen  com pounds „■ S u b seq u en t n itro g en  a n a ly s e s  

p roved  th a t  none of th e s e  com pounds w as th e  d e s ire d  co p p er a c e ta m id in a te  „ 

No fu rth e r a tte m p ts  w ere  m ade to  c h a ra c te r iz e  them  „

The a n a lo g o u s  re a c tio n  w ith  sodium  a m id e ,

C H 3C(N H 2iff, S  + .2 N aNH 2 C H 3 ( N H ^  N ^ +  N aC l + 2 NH3

y ie ld e d  th e  sam e ty p e  o f p ro d u c t a s  w as o b se rv ed  to  form from th e  re a c tio n  

b e tw ee n  sodium  am ide and  a c e to n i t r i l e . C o n se q u e n tly , i t  w as  co n c lu d ed  

th a t  th is  r e a c t io n ,  a l s o ,  r e s u lte d  in  too  m uch p o ly m eriza tio n  to  be u s e fu l .

r @1 ©  "
S y n th e s is  o f IpH3C(NH2) 2Jg , M Cl4 (M = C u , Co)

f ©"] ©
The new compounds ICH3C(NH2)^J g » MCl4 , where M = Cu and Co, 

have been prepared according to the following equation:

. 2 C H 3C(NH2) f ,  Cl6  + M C l2 0 Zh Sq h ^  [p H 3C(N H 2)<| ] 2 , M C lf .

' A nhydrous m eta l ch lo rid e  (21) an d  ace tam id in iu m  c h lo rid e  w ere m ixed 

in .a  m olar ra tio  of 2:1 Ifi d rie d  a b so lu te  e th a n o l (22). The m eta l ch lo rid e  

w as f i r s t  d is s o lv e d  in  a b so lu te  e th a n o l an d  th e n  ace tam id in iu m  ch lo rid e  w as 

ad d ed  to  th is  s o lu tio n . W hen b o th -re a c ta n ts  had  d is s o lv e d , th e  so lu tio n s  

w ere p la c e d  in  a d e s ic c a to r  over, anhy d ro u s e th e r . .  W ell-fo rm ed  c ry s ta ls  

g rew  s lo w ly  a s  th e  so lu tio n s  becam e sa tu ra ted , w ith  e th e r . After c r y s ta l l i ­

z a tio n , th e  c ry s ta ls  w ere f i l te re d  aw ay  from th e  s o lu tio n , a n d  d ried  in  a - 

vacuum  d e s ic c a to r  o v e r c o n c e n tra te d  su lfu ric  a c id .  The c ry s ta ls  a re  on ly  

s l ig h tly  d e lin q u e sc e n t;  h o w e v e r, to  .in su re  e x c lu s io n  of m o is tu re , th ey  w ere 

s to re d  in  t ig h tly - s to p p e re d  b o t t le s .

The c o p p e r com plex  is  an  in te n s e  g o ld en  ye llow  p la te le t  c r y s ta l .  It 

d eco m p o ses  a t - 1 0 8 -1 1 0 °  in  the. a tm o s p h e re .1
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A n a ly s is : %C1, 44.0, %N, 17.2; % Cu, 19.7

C a lc u la te d  c o m p o sitio n  o f ace tam id in iu m  te tra c h lo ro c u p ra te :

% C1, 43.8; % N , 17.3; % C u , 19.7.

The c o b a lt  com plex  p rep a red  in  th is  m anner form s as-, dark blub 'n e e d le - :  

l ik e  c ry s ta ls  w h ich  m elt a t  2 0 7 -2 0 9 °  in  th e  a tm o sp h e re .

A n a ly s is : % C l , 44.5; % N , 17.3; % C o , 18.4.

C a lc u la te d  p e rc e n ta g e  co m p o sitio n  o f ace tam id in iu m  te trachloroco-^  

b a l ta te :  % C l , 44.5; % N,. 17.6; % Co, 18.5.

C h lo rid e  w as d e te rm in ed  by  th e  a d so rp tio n  in d ic a to r  m ethod (23), copper 

w as  d e te rm in ed  io d o m e tr ic a lly  (24), n itro g en  w as d e te rm in ed  by  th e  K jeldah l 

m ethod (25), an d  c o b a lt w as de te rm in ed  by com plexom etric  t i t r a t io n  w ith  

e th y le n e d ia m in e te tra a c e tic  a c id  (2 6).

All u l tr a v io le t  an d  v is ib le  so lu tio n  sp e c tra  re p o rted  in  th is  th e s is  

w ere reco rd ed  a t  room tem p era tu re  by a Beckm an DK-2 sp e c tro p h o to m e te r .

The sp ec tra  o f a ce tam id in iu m  te tra c h lo ro c u p ra te  and  ace tam id in iu m  te t r a -  

c h lo ro c o b a lta te  in  a c e to n itr i le  a re  show n in  F ig u res  4, 5, 6 an d  7. A bsorption  

b an d s  and  m olar a b s o rp tiv i t ie s  of th e s e  sp e c tra  a re  l i s te d  in  T ab le  I .

D iffu se  re f le c ta n c e  sp e c tra  a t  room tem p era tu re  of th e  c ry s ta ll in e  

c h lo ro c u p ra te  and  c h lo ro c o b a lta te  (F igures 8 an d  9) and  of co m plexes to  be 

d is c u s s e d  su b se q u e n tly  w ere run on a Beckm an M odel B sp ec tro p h o to m e te r. 

S p e c ia l a c c e s s o r ie s  u s e d  for re f le c ta n c e  m easu rem en ts  in c lu d e  a Beckman 

#12400 in te g ra tin g  sp h ere  re f le c ta n c e  a tta ch m e n t and  a 2000 megohm p h o to ­

tu b e  r e s i s to r .  M agnesium  c a rb o n a te  w as u s e d  a s  a re f le c ta n c e  s tan d a rd  for 

th e  ch lo ro co b a  l t a t e . B ecau se  o f th e  h igh  in te n s i ty  o f a b so rp tio n  in  the
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c h ltiro c u p ra te , m agnesium  c a rb o n a te  w as found to  be an  u n s u ita b le  s ta n ­

d a rd . In  th is  c a s e ,  th e  c h lo ro c o b a lta te  w as u s e d  a s  th e  s ta n d a rd .

The in fra red  sp e c tra  of th e  te tra c h lo ro  co m p lex es  m ulled  in  nu jo l and  

f lu o ro lu b e  w ere ta k e n  w ith  a Beckm an IR -5A sp ec tro p h o to m e te r. The sp ec tra  

a re  id e n tic a l  w ith  e a c h  o th e r and  e s s e n t ia l ly  id e n tic a l  to  th a t of a c e ta m id i-  

nium  c h lo r id e . S p e c tra l b an d s  w ere o b se rv e d  a t  1060, 1100, 1150, 1360, 1460, 

1650, 3150 an d  32 00 w a v en u m b e rs . A ssig n m en ts  of th e s e  b an d s  w ill be m ade 

in  th e  d is c u s s io n .

M ag n e tic  s u s c e p t ib i l i t ie s  re p o rted  in  th is  p ap er w ere de te rm in ed  a t  

8 0°K , 196°K an d  298°K by  M iss  Karen D iam ond. A Gouy b a la n c e ,  c o n s is tin g  

o f a M e ttle r  a n a ly t ic a l  b a la n c e , a H a rv e y -W e lls  M odel L -44V e lec tro m ag n e t 

an d  a M agn ion  M o d e l.=H=HS.425 pow er su p p ly , w as u se d  to  m ake th e  m easu re ­

m e n ts . The e lec tro m ag n e t u s e d  had  4" po le  c a p s  w ith  a v a r ia b le  g a p . A gap  

o f .1.5" w as  em p lo y ed  in  a l l  d e te rm in a tio n s . T em pera tu res o f 80°K and  196°K 

w ere o b ta in e d  from, liq u id  a ir  and  d ry .ic e -a c e to n e  b a th s .  The b a th s  in  w hich  

th e  6 mm. Gouy tu b e  w as su sp e n d e d  w ere c o n ta in e d  in  a s p e c ia l ly  d e s ig n e d  

D e w a r- ty p e  f la s k .  M ag n e tic  f ie ld  s tre n g th s  w ere de te rm in ed  by  u s in g s  

H gC o(C N S)4 (27) a s  a m ag n etic  s ta n d a rd .

M ag n e tic  d a ta  for ace tam id in iu m  te tra c h lo ro c u p ra te  a re  l i s te d  in  

T ab le  I I . P a s c a l 's  c o n s ta n ts  (28) h av e  b e e n  u se d  for d iam ag n e tic  c o rre c ­

tio n s  to  th e  s u s c e p t ib i l i t ie s  d e te rm in ed  a n d .a re  in c lu d ed  in  th e  s u s c e p t ib i l ­

i t i e s  l i s te d  in  th e  ta b le .  No m easu rem en ts  w ere m ade on ace tam id in iu m  

te tra c h lo ro c o b a lta te  a t  th is  t im e .
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W av e len g th  (mp.)

F igure 4 . U ltra v io le t Spectrum  of A cetam idinium  T e trach lo ro cu p ra te

-  0.6
- 0.5

- 0.3

W av e len g th  (m^)

Figure 5 . V is ib le  Spectrum  of Acetam idinium  T e trach lo ro cu p ra te
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W av e len g th  (m î)

F igure 6 . U ltra v io le t Spectrum  of A cetam idln ium  T e tra c h lo ro c o b a lta te

"  0.6 '

W av e len g th  (mjx)

Figure 7. V is ib le  Spectrum  of A cetam idinium  T e tra c h lo ro c o b a l ta te



TABLE I

S p e c tra l Bands an d  In te n s i t ie s  of [CH3C(NH2)? ]2 j 2 MCI

C om plex C o n cen tra tio n
A bsorp tion  

W av e len g th  (mu)
P ath  le n g th  of 
ra d ia tio n  (cm .)

M olar
A bsorp tiv ity

C upra te 2.31 x  10-3 M 255 0.1 3000

307 0.1 4100

. ■ 380 0.2 950

' 453 0.2 1450

C o b a lta te 2.30 x  10-3 M 227 (shoulder) 0.1

252 . 0.1 2450

673 0.2 520

579 0.2 300

{
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W

W av elen g th  (mg)

8 . D iffu se  R e flec ta n ce  Spectrum  of A cetam idinium  T e trach lo ro cu p ra te

W av e len g th  (mg)

F igure  9. D iffu se  R ef lec tan ce  Spectrum  of A cetam idinium  T e tra c h lo ro c o b a l ta te



TABLE II

M ag n e tic  D ata  on  [cH gC X N H g]^^ ,
©

Cu C l4

T em perature (0 K) X  M (°9'g , emu) x  IO6 
M ag n e tic  S u sc e p tib ility .

(B. M .)
M ag n e tic  M om ent

80 5577 1.93

196. 2462 1.92

298 1643 1.98



17

P rep a ra tio n -o f A cetam idin ium  T rich lo ro n ic k e la te

N ick e l c h lo rid e  d o es  no t r e a c t  w ith  ace tam id in iu m  c h lo rid e  in  the  

sam e m anner a s  d o e s  C uC lg an d  C o C lg . U nder th e  sam e c o n d itio n s  th a t 

C uC lg an d  C oC lg re a c t  w ith  C H gC (N H g)^, Cl© to  form th e  te tra c h lo ro m e ta l-

Ia te  c o m p le x e s , N iC lg r e a c ts  to  form th e  tr ic h lo ro  com plex,.
®   ̂ A bso lu te

C H 3C (N H g)2 , C l + N iC l2 E thano l > C H 3C (N H g)2 , N iC l3 

A cetam idin ium  c h lo rid e  an d  anhy d ro u s n ic k e l ch lo rid e  w ere  m ixed in  a 1:1 

m olar ra tio  in  an h y d ro u s e th a n o l .. Slow  a d d itio n  of e th e r ,  by  th e  m ethod a l ­

re a d y  d e s c r ib e d , to  th e  re s u lt in g  y e llo w is h -g re e n  so lu tio n  p re c ip ita te d  dark  

o ra n g e , f e a th e r - l ik e  c r y s t a l s . The c ry s ta ls  a re  very  h y g ro sc o p ic  and  m ust 

be p ro te c te d  from th e  a tm o sp h e re .

A n a ly s is : % C1, 47.4; % N , 12.5; % N i, 26.1.
© ©

C alcu la te d .fro m  C H 3C(N H 2)2 , N iC l3: °/oCl, 47.5; %N,' 12.5; % N i, 26.1. 

C h lo rid e  an d  n itro g en  w ere d e te rm in ed  by th e  a d so rp tio n  in d ic a to r  and  Kje l -  

da h i m ethods re s p e c t iv e ly .  N ick e l w as d e te rm in ed  by com plexom etric  t i t r a ­

t io n  w ith  EDTA (29).

In fra red  sp e c tra  of a ce tam id in iu m  tr ic h lo ro n ic k e la te  m ulled  in  nu jo l 

an d  flu o ro lu h e  show  th e  sam e ban d s a s  th e  ,te tra c h lo ro c u p ra te .a n d  c o b a lta te  

c o m p le x e s .

The so lu tio n  sp ec tru m  of th e  tr ic h lo ro n ic k e la te  in  a b so lu te  e th an o l 

from 360 to  1000 m(-i is  show n in  F igure 10. The spectrum  w as  run w ith  a 

N iC J ^ c o n c e n tra tio n  of 3.49 x  IO- ^ M . O ne cm . c e l l s  w ere u s e d .„ Nd.a b so rp ­

tio n  w as o b se rv e d  b e tw een  250 an d  360 m ^.

X
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The d iffu se  re f le c ta n c e  spec trum  of c ry s ta l l in e  ace tam id in iu m  t r i -  

c h lo ro n ic k e la te  u s in g  m agnesium  c a rb o n a te  a s  a re f le c ta n c e  s tan d a rd  is  

show n in  F igure  1 1 .

Amax = 416

A= 770
£ =  4.8

1000

W av e len g th  (mp.)

F igure  10. S o lu tion  Spectrum  of C H gC (N H g)^, NiC 1®

-  0.8

W av e len g th  (m|U.)
© Q

F igure 11. D iffu se  R eflec tan ce  Spectrum  of CH gC(N H 2) 2 / N iC lg
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S y n th e s is  o f C opper (II) A cetam ld in a te

A fter ace tam id in iu m  te tra c h lo ro c u p ra te  had  b een  s y n th e s iz e d , i t  p ro ­

v id e d  a new  av en u e  for p o s s ib le  s y n th e s is  o f  Cu (II) A cetam id inate .. Rem oval

C H 3C (N H 2)f]2 , C u C lf  m ighto f four m o lecu le s  o f  h y d rogen  ch lo rid e  from 

y ie ld  th e  d e s ire d  p ro d u c t, if  th e  rem oval co u ld  be e ffe c te d  w ith o u t com ­

p le te ly  deco m p o sin g  th e  c h lo ro c u p ra te . W ith  th is  in  m ind , i t  w as  d ec id ed  

th a t  sodium  b u to x id e , a re a so n a b ly  s tro n g  b a se ,-  m ight be e ffe c t iv e  in  r e ­

m oving th e  H C l, w h ile  le a v in g  th e  a c e ta m id in a te  m oiety  in ta c t .

[c H 3C(NH2) f ] 2 , C uC lf + Na®C?C4% Cu[ cHgCt ^H) 2]  + 4 NeCl

Sodium  bu to x id e  w as p rep a red  by  re flu x in g  c u t and  d ried  sodium  m eta l 

in  e x c e s s  re a g e n t g rade  I-B utanO l for ab o u t an  h o u r. T h is so lu tio n  w as th e n  

ad d ed  s lo w ly  to  a so lu tio n  o f ace tam id in iu m  te tra  ch lo ro c u p ra te  in  1 -B utano l. 

The r e a c ta n t s ,  sodium  b u to x id e  and  th e  c h lo ro c u p ra te , w ere m ixed in  a 4:1 

m olar r a t io .  A w h ite  p re c ip ita te ., la te r  id e n tif ie d  a s  p red o m in an tly  sodium  

c h lo r id e , b eg an  to  form im m ed ia te ly . S im u ltan e o u s ly , th e  so lu tio n  tu rn ed  

dark  b lu e . W hen p re c ip ita tio n  seem ed  to  be  c o m p le te ,. th e  so lu tio n  w as flit­

te r e d .  The so lv e n t w as th e n  rem oved from th e  so lu tio n .b y  h ig h  vacuum .

T his p ro ced u re  le f t  a gum w hich  fa ile d  to  c r y s ta l l i z e , so th e  re a c tio n  w as 

re p e a te d  to  th e  p o in t of vacuum  d is t i l la t io n .  R ather th an  rem oving  the  

I-B u to n a o l u n d e r vacu u m , v a rio u s  n o n -p d la r  s o lv e n ts ,  in c lu d in g  e th e r , c a r ­

bon te tr a c h lo r id e , p -d io x a n e  a n d  h e x a n e , w ere ad d ed  to  th e  f i l t ra te  in  an  

• a ttem p t to  p re c ip ita te  th e  b lu e  c o n s t i tu e n t .  The on ly  e ffe c t o b se rv ed  in  a l l  

c a s e s  w as an  a l te ra t io n  in  th e  co lo r o f s o lu tio n . At th is  p o in t, in v e s t ig a ­

tio n  of th e  sy s te m  w as  d is c o n tin u e d .
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The m e ta l am id es  a re  s u f f ic ie n tly  s tro n g  b a s e s  to  rem ove 4 m o lecu les
I

o f hydrogen  c h lo rid e  an d  one w ould  e x p e c t to  en co u n te r no d iff ic u lty  in  re ­

m oving th e  f in a l p ro d u c t from liq u id  am m o n ia . The problem  is  th a t  th e

am id es  a re  a ls o  s tro n g  enough  b a s e s  to  p ro d u c t u n d e s ira b le  s id e  re a c tio n s , 

w ith  th e  a c e ta m id in a te . T h ese  s id e  r e a c t io n s , h o w e v e r, m ight be in h ib ite d  

by vary ing  th e  re a c tio n  c o n d i t io n s .

CH3C(NH2)^ 2C u g 5  + 4 M NH2 7 C u(C H 3-O ^ I )  )2 + 4 M Cl + 4  NH3
xNH

Sodium  am ide w as p rep a red  a s  d e sc r ib e d  p re v io u s ly . A s to ic h io m e tr ic  q u an ­

t i ty  o f te tra c h lo ro c u p ra te  w as ad d ed  to  th e  sodium  a m id e - liq u id  ammonia 

m ix tu re . W ith in  a sh o rt t im e , th e  c o n te n ts  of th e  re a c tio n  f la s k  h ad  tu rn ed  

g re e n . H o w ev e r, a f te r  ab o u t an  hour th e  s o lu tio n  had  tu rn e d  b row n. W hen 

th e  am m onia h ad  c o m p le te ly  e v a p o ra te d , a h a rd  re d d ish -b ro w n  r e s id u e , v e ry  

m uch lik e  th a t  o b se rv e d  to  form in  th e  N aNH2-  C H 3CN r e a c t io n ,  rem a in ed .

The u s e  o f p o ta ss iu m  am ide w as m uch more f ru i t fu l . A gain , th e  KNH2 

w as p rep a red  by th e  m ethod o f G reen lee  an d  H ehne w ith  th e  ad $ ed  p re c au ­

tio n  of d ry ing  th e  am m onia1. A fter th e  KNH2 h ad  b een  p rep a red  in  the  d ried  

am m onia , th e  c u p ra te  com plex  w as a d d e d . The s to ic h io m e tric  q u a n tity  w as 

a d d ed  in  to to  to  th e  w e l l - s t i r r e d  m ixture to  a v o id  a s  m any u n d e s ira b le  s id e  

re a c t io n s  a s  p o s s ib le .  The dark  g reen  co lo r of th e  am m onia so lu tio n  p e r­

s i s te d  in  th is  c a s e  u n til  e v ap o ra tio n  w as c o m p le te . A gain , m uch re d d ish -  

brow n re s id u e  rem ain ed ; h o w e v e r , th is  w as in te rs p e rs e d  by  a dark  g reen  . 

r e s id u e .  A bso lu te  e th a n o l w as th e n  ad d ed  to  th is  m ixed r e s id u e .  W ith in

I .  The dry ing  o f th e  am m onia seem s to  be v e ry  c r i t i c a l .  In  a l l  c a s e s  in  
w hich  th is  w as n e g le c te d , r e s u l ts  s im ila r  to  th o se  o f th e .so d iu m  re a c ­
tio n  w ere  o b ta in e d .
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th re e - fo u r  h o u r s , th e  e th a n o l h ad  a ssu m e d  a dark  b lue  c o lo r . T his 'm ixture 

w as p e r io d ic a l ly  sh a k e n  o v e r a p e rio d  of e ig h t to  tw e lv e  h ou rs to  e x tra c t a s  

m uch of th e  g reen  re s id u e  a s  p o s s ib le .  The so lu tio n  w as th e n  f i l te re d  and  

th e  e th a n o l w as a llo w ed  to  e v ap o ra te  in  th e  a tm o sp h e re . W hen n e a rly  a l l  

th e  e th an o l had  e v a p o ra te d , dark  b lu e  c ry s ta ls  had  fo rm ed . T h ese  w ere f i l ­

te re d  aw ay  from th e  e th a n o l an d  d ried  o v er c o n c e n tra te d  su lfu ric  a c id  in  

v a cu o  for tw e lv e  h o u r s .

The c ry s ta ls  w ere  re  w a sh e d  w ith  dry e th a n o l ,  red ried  in  v a c u o , and 

h e a te d  in  a n  oven  a t  8 0 -8 5 °  for one h o u r. T h is p rocedu re  b rough t the  num­

b e r o f m o lecu le s  of s o lv a tio n  q u ite  c lo s e  to  o n e . Y ie lds w ere from 2 0-3.0%.

F in a l a n a ly s is :  % C u , 37.8; % N , 24.5.

C a lc u la te d  fo r1 C u^lH gC (N H ) 2 2 • I EtOH : % C u , 28.4; .%N„ 25.0.

The b lu e  c ry s ta ls  a re  in so lu b le  in  m ost o f th e  common c ry o sco p ic  and  

e b u llio s c o p ic  so lv en ts .. The o n ly  s o lv e n ts  found  in  w hich  th e y  w ere so lu b le  

w ere  e th a n o l an d  d im ethy l s u lfo x id e . H ea tin g  th e  e th a n o l-C u (II) A cetam id i- 

n a te  so lu tio n  to  th e  b o ilin g  p o in t of e th a n o l d ecom posed  th e  a m id in a te . No 

c ry o sc o p ic  or e b u llio s c o p ic  d a ta  on  DMSO a re  p re se n tly  a v a i la b le .  C o n se ­

q u e n tly , no m o lecu la r w e ig h t d e te rm in a tio n .w as  m ade on Cu(II) A cetam id i- 

n a te .

Solutiop. sp e c tra  o f Cu(II) IjCHgC(NH)^ g ° I EtOH in  DMSO a re  show n 

in  F ig u res  12 an d  13. A bsorp tion  b an d s and  m olar a b s o rp tiv i t ie s  for the  

com plex  a re  re p o rte d  in  T ab le  I I I . The d iffu se  re f le c ta n c e  sp ec tru m  of the  

c ry s ta l l in e  a c e ta m id in a te  u s in g  m agnesium  ca rb o n a te  a s  a re f le c ta n c e  s ta n ­

dard  i s  show n in  F igure  14. An in fra red  sp ec tru m  of Cu(II) A ce tam id in a te  in  a 

KBr m ic ro p e lle t is  show n in  F igure  15. M ag n e tic  da ta  for th is  com plex  a re
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l i s t e d  in  T ab le  IV. P a s c a l 's  c o n s ta n ts  have  b een  in c lu d ed  in  th e  s u s c e p t i ­

b i l i t i e s  sho w n .

S y n th e s is  o f C opper (II) B enzam id inate

P o ta ss iu m  benza^n id ina te  is  m uch m ore re a d ily  p rep a red  th a n  p o ta s ­

sium  a c e ta m id in a te . The s a l t  w as m ade by re a c tin g  p o ta ss iu m  am ide w ith 

d o u b le -d is t i l le d  b e n z o n itr ile  in  d ried  liq u id  am m o n ia .

KNH 2 + <p-CN NH3 1̂ >̂

Y ields o f 50-70%  w ere o b ta in e d  from th is  re a c t io n .

The potassium benzamidinate prepared by this procedure was then re­

acted with anhydrous CuClg in a 2:1 molar ratio.

2 <p-C(NH)f ,K* + CuCl2 2~Pr0Pan0l>[cu  ^ -C (N H )J 2 + 2 KCl

CuCl2 w as f i r s t  d is so lv e d  in  iso p ro p y l a lco h o l and  to  th is  so lu tio n  the  a p ­

propriate quan tity  of p o ta ss iu m  b en zam id in a te  w as a d d e d . P o ta ss iu m  b e n z ­

am id in a te  is  e s s e n t ia l ly  in so lu b le  in  iso p ro p y l a lc o h o l . W hen it  w as ad d ed  

to  th e  C u C l2 so lu tio n , th e  re s u l ta n t  m ixture tu rn ed  dark  g re e n . A fter a h a lf -  

hour o f s t i r r in g , th e  m ixture had  tu rn ed  c a n a ry  y e llo w . T his y e llo w  m ate ria l 

w as f i l te re d  aw ay  from the  iso p ro p y l a lc o h o l and  p la c e d  in e th a n o l .  The 

e th a n o l g ra d u a lly  a ssu m e d  a b lu ish -p u rp le  c o lo r . After te n  hou rs of s tirrin g  

th is  m ix tu re , th e  b lu e  e th a n o l so lu tio n  w as f i l te re d  aw ay  an d  p la c e d  in  an 

e v ap o ra tin g  d ish  e x p o se d  to  th e  a tm o sp h e re .

P urple c ry s ta ls  form ed a s  th e  e th an o l e v a p o ra te d . T h ese  w ere w ash ed  

s e v e ra l tim e s  w ith  co ld  a b so lu te  e th a n o l , d ried  o v er c o n c e n tra te d  su lfu ric  

a c id  in  v a c u o , an d  f in a lly  d ried  in  an  oven  a t  80°C  for one h o u r. Y ields of 

15-20%  w ere o b ta in e d .
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A n a ly s is : % C u , 18.5; % N, 16.3 .

Calculated for C ujipC tN H ^ ° I EtOH: %Cu, 18.4; %N, 16.1.

The b e n za m id in a te  com plex  d eco m p o ses  a t  1 7 0 -1 7 5 °C . H eatin g  above  

120° for p ro longed  p e rio d s  rem oves e th an o l of so lv a tio n .

C u(II) b e n za m id in a te  is  in so lu b le  in  th e  sam e so lv e n ts  in  w hich  c o p ­

per (II) a c e ta m id in a te  is  in s o lu b le .

S o lu tio n  sp e c tra  of co p p er (II) b en zam id in a te  in DMSO a re  show n in 

F ig u res  16 and  17. A bsorption  b an d s and  m olar a b s o rp tiv i t ie s  a re  l is te d  in 

T ab le  II I . The d iffu se  re f le c ta n c e  sp ec tru m  u s in g  m agnesium  c a rb o n a te  a s  a 

s ta n d a rd  is  show n in  F igure 18.

M ag n e tic  d a ta  for th is  com plex  a re  reco rd ed  in  T able IV. P a s c a l 's  

d ia m a g n e tic  c o rre c t io n s  a re  in c lu d e d  in  th e  s u s c e p t ib i l i t ie s .

W av e len g th  (m î)

F igure 12 U ltra v io le t  Spectrum  of Cu [CH3C(NH)2] , • EtOH
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W av e len g th  (m|i)

F igure 13. V is ib le  Spectrum  of Cu [C H 3C(NH)2J 2 • EtOH

W av e len g th  (mp.)

Figure 14. R eflec tan ce  Spectrum  of C u jc H 3C(NH)2J ■ • EtOH
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W avenum ber in  K aysers

F igure 15. In fra red  Spectrum  of C ujjcH gCfN H jgjg • EtOH

W av e len g th  (mfi)

Figure 16. U l tra v io le t  Spectrum  of Cu[cpC(NH)2]2 * EtOH



O
p

ti
ca

l 
D

en
si

ty
—

A
rb

it
ra

ry
 U

ni
ts

 
A

bs
or

ba
nc

e
26

W av e len g th  (m )

F igure 17. V is ib le  Spectrum  of CuljtpCXNHjgjg ' EtOH

W av e len g th  (m|4)

F igure  18. R e f lec tan ce  Spectrum  of Cu[(pC(NH)2]- • EtOH



TABLE III

S p e c tra l  Bands a n d  S p ec tra l  I n te n s i t i e s  of C opper (II) A m idinates

Compound C o n ce n tra t io n  A bsorption  P a th len g th  of M olar
in  DMSO . W av e len g th  (mjui) R ad ia tion  (cm .) A bsorptiv ity

A cetam id ina te 1.8 x  10" 3 M 302 0.1 2610

570 1.0 93

B enzam id inate 9.8 x  IO" 4 M 300 (shoulder) 0.1

578 1.0 133 •



M ag n e tic  D ata  on  C opper (II) A m idinates

TABLE IV

Compound Tem perature  (0 K) %  M (egs , emu) x  IO6 
M ag n e t ic  S u s c e p t ib i l i ty

k (b. m .)
Moment

A cetam id ina te 80 5546 1.89.

196 2291 ' 1.90

297 1470 1.89

B enzam id inate 80 5883 1.94

196 3078 . 2.19

297 2140 2.26



DISCUSSION

A cetam idinium  T e tra ch lo ro cu p ra te

The c h lo ro cu p ra te  e x h ib i ts  a fa ir ly  s trong  ( £  = 1450 in  so lu t io n  s p e c -

t r a n s fe r  band  in  th i s  re g io n .  G ^ C u C l ^  know n to  have  a d is to rted , t e t r a -

t r a n s fe r  band  a t  24,900 cm . (33). C sC uC lg  h a s .a  d is to r te d  o c ta h e d ra l  

la y e r  s t ru c tu re  in  w hich  e a c h  cop p er  ion  i s  su rrounded  by four n e a re s t

Smith and  G rif f i th s  (34) rep o rt  a band  a t  22,200 cm . for CuClg i n  a m elt of 

t r i b u ty l - 2, 4 -d ich lo ro b en zy lp h o sp h o n iu m  c h lo r id e .  They c o n s id e r  th is  band

th a t  th e  square, p la n a r  s t ru c tu re s  ex h ib i t  s im ila r  b a n d s , h o w e v e r , ren d e rs  an  

u n e q u iv o c a l  s t ru c tu ra l  c o n c lu s io n ,  on th is  b a s i s  a lo n e ,  d if f icu l t  if not im­

p o s s ib le  .

The m ag n e t ic  moment of th e  cu p ra te  com plex  over th e  tem pera tu re  

ran g e  80-298°K  a p p e a r s  to  be e s s e n t i a l l y  tem pera tu re  in d e p e n d e n t ,, c h a r a c -  

' t e r i s t i c  of m a g n e t ic a l ly  d i lu te  c o m p le x e s .  Although on ly  three, p o in ts  were 

o b ta in e d ,  a p lo t  of s u s c e p t ib i l i ty  v e r s u s  tem pera tu re  s u g g e s t s  th a t . th e  com ­

plex. fo llow s th e  C u r ie -W e is s  Law in  th e  80-298PK tem p e ra tu re  r a n g e . A low  

W e is s  c o n s ta n t  of ab o u t -12° is  o b ta in e d  by p lo tt ing  (Xm ^_1 v e r s u s  T- 

CuClg / w h ich  is  an tife rro m ag n e tic  w ith  a c r i t i c a l  tem pera tu re  of 7 0°K (35), 

h a s  a s t ru c tu re  in  w hich  Cu i s  b r idged  by two C l ' s  (36). LiCuClg d ihydra te  

a n d  KCuClg a l s o  hav e  c h lo r id e  b r idged  s tru c tu re s ,  and show ah tife rro m ag n e tic

trum) a b so rp t io n  band  a t  ab o u t 450 m|X (22,200 cm . in  both  i t s  c ry s ta l l in e  

an d  a c e to n i t r i le  spectra),. All o f the _ show  a charge

h e d ra l  s t ru c tu re  (30), show s  a ch arg e  t r a n s fe r  band a t  24,800 cm : (31) a t

77°K. ^Pt(NHg)4] [CUCI4J ,  a sq u are  p la n a r  s t ru c tu re  (32), e x h ib i ts  a charge

c h lo r id e s .  This  com plex  h a s  a charge  t r a n s fe r  band  a t  24,600 cm . (33).

a n d  th e  d - d  band  a t  8000 cm . I a s c r i te r ia  for te t r a h e d ra l  C u C i4 . The fa c t
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b e h av io r  (37). All t h e s e  fa c to rs  te n d  to  in d ic a te  th a t  ace tam ld in iu m  te t r a -  

ch lo ro c u p ra te  i s  no t an tife rro m a g n e t ic  an d  d o es  no t c o n ta in  c o p p er  b ridged  

by two c h l o r i d e s .

F igg is  an d  H arr is  (38) l i s t  a .m om ent o f  2.00 for C sg C u C l^  and  su g g e s t  

th a t  the  m ag n e t ic  m om ents of te t r a h e d ra l  c o p p er  co m p lex es  may be  h igher 

th a n  th e  m om ents for sq u are  p lan a r  c o m p le x e s .  [Pt(NHg)^.j~CuCl4j h a s  a 

moment of 1.77 (33). A cetam ldin ium  te t ra c h lo ro c u p ra te  h a s  a room tem p era ­

tu re  moment o f  1.98.

O n th e  b a s i s  of th e  e v id en c e  a v a i l a b le  a t  the  p re s e n t  t im e ,

[p H 3C (N H 2 ) ^ 2  / -C uC l^ p robab ly  d o es  no t h av e  an  i s o la te d  sq u are  p lanar

s t r u c tu r e . The p re s e n t  e v id e n c e  seem s  to  in d ic a te  a te t r a h e d ra l  s tru c tu re  „

AU o f th e  in fra red  a b so rp t io n  b an d s  l i s t e d  on page 12 may be  a s s ig n e d  

to  th e  ace tam ld in iu m  c a t i o n . The fa c t  th a t  th e  in frared  sp e c tra  of a c e ta m i-  

d inium  ch lo r id e  an d  ace tam id in iu m  te tra c h lo ro c u p ra te  a re  id e n t ic a l  s u g g e s ts  

th a t  th e  cu p ra te  com plex  c o n ta in s  t h e ’ace tam id in iu m  c a t io n  and  not a c o ­

o rd in a te d  ace tam id in iu m  s p e c i e s .

A cetam idinium  T e tra c h lo ro c o b a l ta te
©F erg u so n  (39) h a s  rep o r ted  th e  c ry s ta l  f ie ld  spec trum  of C0 C I4 in  s e v ­

e ra l  c ry s ta l l in e  e n v iro n m e n ts .  He po in ts  ou t th a t  the  v is ib le  ab so rp tio n
©b a n d s  for th e  d is to r te d  te t r a h e d ra l  C o C l4 fa l l  in to  th ree  m ain  r e g i o n s , 14000

to  n e a r ly  17000 cm ." 1 , 17,200 to  a l i t t l e  more th a n  20,000 c m a n d  22,000
,

to  a l i t t l e  ab o v e  24,000 cm .- 1 . The d if fu se  r e f le c ta n c e  spec trum  of a c e ta m i­

dinium  te t r a c h lo ro c o b a Ttate h a s  b an d s  a t  23,800, 22,200, 19,000 .and  about. 

14,500 cm .- l .  All of th e  o b se rv e d  a b so rp t io n  b an d s  c an  be th e o re t ic a l ly



31

a s s ig n e d  to  te t r a h e d r a l  CoCl^f. W ithou t a d d i t io n a l  e v id e n c e ,  th e  p re sen c e
0

of te t r a h e d ra l  C0 C I4 in  ace tam id in iu m  te t r a c h lo ro c o b a l ta te  i s  s trong ly  

fa v o re d .

A gain , the  in fra red  spec trum  in d ic a te s  th a t  th e  a c e ta  midinium ca t io n  

i s  p re s e n t  in  th e  c h lo ro c o b a l ta te  c o m p le x .

A cetam idln ium  T r ich lo ro n ic k e la te
©Very l i t t l e  seem s  to  be known ab o u t th e  N iC lg s p e c i e s .  It i s  i n t e r e s t ­

ing  th a t  th e  ace tam id in iu m  an a lo g y  to  c e s iu m  may be e x ten d e d  to  th is  c a s e  

a l s o .  The c r y s ta l  s t ru c tu re  of C sN iC lg  h a s  b e en  a l lu d e d  to  by W e lls  (40). 

The s t ru c tu re  i s  one  in  w hich  o c ta h e d ra l  N iC lg groups sh ar in g  a pa ir  of op ­

p o s i te  f a c e s  a re  s ta c k e d  in  c o lu m n s .

A cetam idin ium  t r ic h lo ro n ic k e la te  in  e th a n o l  show s a b so rp t io n  b an d s  a t  

24,100 and  13,000 cm .- -*- w ith  ve ry  low  molar a b s o r p t iv i t ie s  of 12.3 and  4.8 r e ­

s p e c t iv e ly .  A c h a r a c te r i s t i c  fe a tu re  of o c ta h e d ra l  Ni (II) c o m p lex es  i s  th a t  

th e y  p o s s e s s  v e ry  low  m olar a b so r p t iv i t i e s  (41). T yp ica l o c ta h e d ra l  Ni (II)

c o m p lex es  su ch  a s  [N i(H gG )^  ^ an d  [N i(e th y len ed iam in e)3J  a l s o  have
- I  ' - Ia b so rp t io n  b an d s  b e tw ee n  11,000 an d  15,000 cm . an d  a round  25,000 cm . .

If th e  t f ic h lo ro n ic k e la te  i s  p re s e n t  in  so lu t io n  a s  N iC l^  and  n o t .a s  a com­

p lex  m ixture of [N iClnL ^ rJ n ^ , th e  -solution spec trum  s tro n g ly  s u g g e s ts  

. th a t  the  com plex  is  o c t a h e d r a l .

C opper (II) A ce tam id ina te  an d  C opper (II) B enzam id ina te

The e le m e n ta l  a n a ly s e s  on both t h e s e  co m p lex es  in d ic a te  a s ing le  

m o lecu le  o f  s o lv a t io n .  Th is  i s  the. c o rre c t  s to ich io m etry  for a d im e r ic  sy n -  

sy n  b id e n ta te  s t r u c tu r e . U n fo r tu n a te ly ,  th e  co m p lex es  a re  so  in so lu b le  in  

m ost common so lven ts ,  th a t  th e  ,m olecu lar  weights, cou ld  no t be d e te rm in ed .
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The c r y s ta l  a n d  so lu t io n  sp ec tra  of th e  two co m p lex es  in d ic a te  th a t  

th e y  h av e  v e ry  s im ila r  s t r u c t u r e s . Bands around  580 mpi a re  n o t o b se rv ed  in 

th e  sp ec tra  of th e  Cu (II) carboxy la te .s ;  ho w ev er , .  1 ,3 -D ip h e n y l t r ia z e n id o -  

c o p p er  (I I) , p re su m ed  to  hav e  a s y n - s y n  b id e n ta te  s t r u c tu r e , d o es  ab so rb  

n e a r  600 mj-c (13). O n th e  o th e r  h a n d ,  Gould  an d  Jam eson  (42) rep o rt  a b so rp ­

t io n  b an d s  a t  ab o u t 580 mptfor th re e  oL-hydroxyamidine c o m p lex es  w ith c o p ­

pe r  (I I) . They p ropose  for th e s e  c o m p lex es  a s tru c tu re  in  w h ich  th e  oC- 

hydroxyam id ine  l ig a n d  a c t s  a s  a c h e la te  g ro u p , co o rd in a tin g  w ith  the  copper 

th rough  one  n itro g en  an d  thp hydroxy o x y g e n .  Two of th e i r  rep o r ted  com.- - 

p le x e s  a re  d ih y d ra te d ,  th e  o th e r  be ing  a n h y d ro u s . *

If one  p lo ts  th e  m ag n e t ic  s u s c e p t ib i l i t i e s  v e r s u s  tem p e ra tu re  for e ac h  

of th e  am id in a te  c o m p le x e s ,  re a so n a b le  p a ra b o la s  may be  draw n through the  

th re e  p o in ts  in  e a c h  c a s e .  The s u s c e p t ib i l i t i e s  a p p ea r  to 'co n fo rm  to  the  

C u r ie - W e is s  Law in  th e  80-298°K  tem p e ra tu re  r a n g e . S u s c e p t ib i l i t i e s  a t  a 

few  in te rm ed ia te  tem p era tu res ' w ould  confirm  t h i s . W e is s  c o n s ta n ts  of ab o u t 

+ 1°  and  - 20°  a re  o b ta in e d  for th e  a c e ta m id in a te  and  b e n za m id in a te  r e s p e c t ­

iv e ly ,  im ply ing  th a t  th e  c o m p lex es  a re  no t a n t i fe r ro m a g n e t ic .  Q uite  norm al, 

te m p e ra tu re - in d e p e n d e n t  m ag n e t ic  m om ents w ere  de te rm ined  for both  com­

p le x e s ,  su g g e s t in g  th a t  th e  co m p lex es  a re  m a g n e t ic a l ly  d i lu te .

Q n th e  b a s i s  of th e  e x p e r im en ta l  da ta  de te rm ined  a t  th e  tim e of t h i s  

w r i t in g ,  l i t t l e  more c a n  be s a id  ab o u t th e s e  c o m p le x e s .  I n i t i a l  s tu d ie s  seem  

to  h in t  th a t  c o p p er  (II) a c e ta m id in a te  an d  copper  (II) b e n za m id in a te  may not 

be  d im e r ic .  H o w e v e r , u n t i l  a m o lecu la r  w e ig h t  (or c ry s ta l lo g rap h ic )  d e te r ­

m in a tio n  i s  m a d e ,  one can n o t  be c e r ta in  o f  t h i s .



SUMMARY

C opper (II) a c e ta m id in a te  i s  much more d if f icu l t  to  s y n th e s iz e  .than 

in i t i a l ly  a n t i c i p a t e d . The m ost f e a s ib le  an d  d ire c t  a p p ro a c h .

C u C l2

CH3CN + KNH3 . GH3C(NH)^z f

+ 2 CH3C (N H )f, f  C u [cH 3C (NH)2J 2 + 2 K C lz

fa i le d  to  p roduce  th e  d e s i r e d  p r o d u c t . W hile  in v e s t ig a t in g  o th e r  p o s s ib le  

a p p ro a c h e s ,  th re e  new  c o m p le x e s ,  a ce tam id in iu m  te tra ch lo ro  c u p r a t e , a c e t -  

am idin ium  te t r a c h lo ro c o b a l ta te  and  ace tam id in iu m  t r ic h lo ro n ic k e la te  were 

p re p a re d .  One of th e s e  c o m p le x e s , th e  c u p r a t e , w as  u s e d  .as. an  in te rm ed i­

a te  in  th e  s u c c e s s f u l  s y n th e s i s  of c o p p er  (II) a c e ta m id in a te .  The g en era l  

: s y n th e s i s  of th e  la t t e r  i s  a s  fo llow s:

C H 3CN + C 2H5 OH + HCl — > C H 3C
ZP C 2H 3 C 2H 5OH / # 2

N H z Cl
©  ©

NH3 C H 3C\  v® S
NHr

2 CH3C(NH2) f ,  C® + C uC l2 ^ 2 ^ 5 ° ^  ĈH3C(NH2)© ^ ; CuC1®  

[CH3C(NH2)^j2 , C u C lf + 4 KNH2 N - 2 3—->-Cu[cH3C (NH)2J2 + 4KC1 + 4NH3

C opper (II) b e n za m id in a te  h a s  b e e n  p rep a red  by  th e  d ire c t  m ethod , 

p - C N  + KNH2 NH3^ -> y - C ( N H ) f ,  K 

2 ^ - C ( N H ) f z K + C u C l2 -3-H — - -> Cu [c  (NH)2Jj2 + 2 KCl

U lt ra v io le t  an d  v i s ib le  so lu t io n  sp.ectra and  d iffu se  re f le c ta n c e : 's p e c ­

tra  h a v e  b e e n  re p o r te d  for a l l  f ive  of th e s e .n e w  c o m p le x e s .  M ag n e t ic  s u s ­

c e p t ib i l i t i e s  a t  80°, 196° and  2 9 S0K hav e  b e en  de te rm ined  an d . re p o r te d  for 

ace tam id in iu m  te t r a c h lo r o c u p r a t e , copper  (II) a c e ta m id in a te  an d  copper  (II) 

b e n z a m id in a te .
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