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The Crystal and Molecular Structure of bis-(fl-aminobutyrato)-Copper (II) 
dihydrate, Cu(C4HsNO2)2.2 H20 
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Crystals of bis-(fl.aminobutyrato)-copper (II) dihydrate, Cu(C4Hs=NOe)2.2 H20, are triclinic, the 
unit cell dimensions being: 

a=6 .69±0 .02 ,  b=5.06±0.02 ,  c = 9 . 8 7 ± 0 . 0 4 / ~ ;  
a = 87 ° 30' ± 45', fl = 104 ° 55' __+ 50', y = 105 ° 45' ± 50'. 

The proposed space group is P1, Z = 1. 
The molecular structure of the complex has been determined by X-ray  diffraction methods from 

three, two-dimensional, electron-density projections and refined by least-squares analysis. Each 
Cu atom lies at  the centre (i) of a distorted octahedron whose mid-plane is defined by the -NH2 
group and one carboxyl oxygen of each of two acid residues (trans. configuration, Cu-O = 2.00 i 0.02, 
Cu-=N = 1.99 +__0.02 A) the Cu atom thus forming par t  of two six-membered ring systems. Each 
remaining apex of the octahedron is occupied by a water molecule, Cu-H~O = 2.45 + 0.02/~. 

Interatomic distances within the molecule are normal (e.s.d. C-C = 0.03 A) and the molecules are 
held together in the a and b directions by hydrogen bonds. =Normal van der Waal 's  forces operate 
in the c direction. 

Introduction 

This paper  describes pa r t  of an invest igat ion of the  
s t ructures  of the  copper (II) complexes formed by  
various o~-amino acids. Thus, Tomita  & ~Nitta have  
used X - r a y  diffract ion techniques to determine the  
s t ructures  of the  cupric complexes of glycine and of 
fl-alanine (Tomita, 1960a, b; Tomita  & h!itta, 1960). 
Here  we present  the  results of an  analysis of the  
crystal  and molecular s t ruc ture  of bis-(fl-aminobu- 
tyra to)-copper  (II) d ihydrate ,  Cu(C4HsN02)2.2 H~O. 

Experimental  

The complex is prepared by heating in a water bath 
for about two hours an aqueous solution of E-amino- 
butyric acid with an excess of freshly prepared cupric 
oxide. The resultant blue solution is filtered and the 
complex crystallizes from the filtrate as well formed 
deep-blue plates, roughly hexagonal in shape, elon- 
gated along a, and with (010) developed. The crystals 
lose water on exposure to the air and were enclosed 
in thin-walled Lindemann glass capillaries during the 
X-ray photography. 

Crystal data 

The unit  cell dimensions and space group were 
determined from 30 ° precession photographs  t aken  
with  M o K ~  radia t ion  (~=0.7107 A). The crystals 
belong to the  triclinic system with" 
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a - -  6.69 _ 0.02, b = 5.06 ± 0.02, c--- 9.87 i 0.04 ~ ;  

a = 87 ° 30' ± 45', fl-- 104 ° 55' +_ 50', 7 -- 105° 45' ± 50'. 

The observed densi ty  (by flotation) is 1-607 g.cm. -3, 
and  t h a t  calculated assuming one formula  weight per  
uni t  cell is 1.618 g.cm. -3. The space group was assumed 
to be P1 with the  copper a tom occupying a centre 
of symmet ry .  

Intensity data 

These were collected from 30 ° precession photographs  
taken,  using Me radiat ion,  about  the  three crystal  
axes. Timed exposures were used to ensure t h a t  each 
independent  reflexion was recorded within a measur-  
able range of intensi ty,  where possible more t h a n  once. 
Visual est imates of in tensi ty  were made  using a 
specially prepared scale. The range of diffracted inten- 
si ty was 1000 to 1. 192 reflexions were recorded and 
measured in (h0l), 127 and  96 in (0kl) and (h/c0) respec- 
t ively. Two crystals  were used in recording the dif- 
fract ion pa t te rn ,  each of approximate  reflecting cross- 
section 0-3 × 0.1 ram. The linear absorpt ion coefficient 
of the  complex for Mo Kc¢ radia t ion is 18.4 cm. -1 and 
so errors due to absorpt ion would be expected in the 
measured intensities. However,  since the  aim of the  
analysis was to determine the  configuration of the  
complex ra ther  t han  very  accurate  molecular dimen- 
sions, no allowance was made  for this effect. Lorentz 
and  polarization corrections were applied and the  
corrected intensities reduced to relat ive s t ructure  
amplitudes.  

Structure determination 

The presence of a copper a tom at  a centre of s y m m e t r y  



1126 T H E  C R Y S T A L  A N D  i V I O L E C U L A R  S T R U C T U R E  O F  Cu(C4HsNO2)2 .2H20 

in  t h e  c rys t a l  makes  i t  possible to  a p p l y  t h e  h e a v y  
a t o m  m e t h o d  of phase  d e t e r m i n a t i o n  w i th  g rea t  
effectiveness.  A p r e l i m i n a r y  ca lcu la t ion  of the  ex- 
pec ted  con t r ibu t ion  of the  copper  a tom to the  s truc-  
tu re  fac tors  in  all  th ree  zones showed t h a t ,  in  all  b u t  
a v e r y  few ins tances ,  i t  was  suf f ic ien t ly  large to  
u n a m b i g u o u s l y  de t e rmine  the  s ign of each reflexion.  
Accord ingly ,  Four ie r  syn theses  were ca lcu la ted  for 
each  of t he  th ree  p r inc ipa l  zones us ing all  ref lexions 
of supposed ly  def in i te  pos i t ive  s ign a n d  f rom the  
resu l t ing  e l ec t ron-dens i ty  pro jec t ions  i t  was a s imple  

b sin y / 2  a s in  f l / ~  b sin q/ '2  

". - ' ,c . . . . . . . . .  ' 

_ i C sinfl/2 -aslnff/2 

-- c sln a/2 c slna/2 

0 1 2A 

Fig. 1. Final electron-density projections. The contour levels 
are at equal but arbitrary intervals (approximately 1 e. A-s). 
The coordination octahedron is outlined by the broken lines, 
t h e  acid residues being indicated by the solid lines. 

m a t t e r  to  es tab l i sh  t h e  pos i t ion  and  a r r a n g e m e n t  of 
al l  of t he  a toms  in the  un i t  cell. A comple te  s t ruc tu re  
fac tor  ca lcu la t ion  based  on these  pos i t ions  showed 
on ly  abou t  ha l f  a dozen ref lexions to  be of nega t ive  
sign a n d  a second round  of Four ie r  syn theses  gave  the  
f inal  e lec t ron-dens i ty  pro jec t ions  shown in  Fig.  1. 
E x c l u d i n g  unobse rved  ref lexions  the  va lue  of t he  
index  R was 0.26 a t  th i s  s tage.  

R e f i n e m e n t  o f  t h e  s t r u c t u r e  

A leas t - squares  r e f inemen t  of the  ave raged  a tomic  
p a r a m e t e r s  de r ived  f rom the  Four i e r  maps  was carr ied  
ou t  on an  I B M  704 d a t a  processing m a c h i n e  us ing  the  
c rys ta l lograph ic  leas t - squares  r e f i nemen t  p r o g r a m  of 
Bus ing  & Levy .  All 400 or so equa to r ia l  ref lexions  
were inc luded  in  th i s  r e f inemen t ;  to  reduce  abso rp t i on  
errors a choice of ax ia l  ref lexions  was made ,  h00 a n d  
001 being chosen frOm (hO1) a n d  0k0 f rom (h/c0). The  
we igh t ing  scheme proposed  b y  H u g h e s  0941)  was  
used  a n d  i n d i v i d u a l  i sot ropic  t e m p e r a t u r e  fac tors  
were e m p l o y e d  to  mod i fy  t he  a tomic  sca t t e r ing  func- 
t ions  which  were, for the  l igh t  a toms ,  those  g iven  b y  
M c W e e n y  (1951), and,  for copper,  t h a t  g iven  b y  
Berghu i s  et al. (1955). No a l lowance  was m a d e  for t h e  
presence of h y d r o g e n  a toms  in  t he  s t ruc ture .  Af te r  
the  fou r th  cycle of the  r e f i nemen t  process t he  shif ts  
in  the  a tomic  p a r a m e t e r s  were less t h a n  one t e n t h  t h e  
s t a n d a r d  dev ia t ions  ca lcu la ted  b y  t h e  p r o g r a m  a n d  
the  values  of the  p a r a m e t e r s  t a k e n  f rom th i s  cycle 
were considered as final.  T h e y  are l i s ted in  Tab le  1 

Table  1. Atomic parameters with their calculated standard deviations 

Atom x/a y/b z/c a(r) (A) B a(B) 
Cu 0.0000 0"0000 0-0000 - -  4- 23 0-22 
N 0"0252 0"1842 0"1803 0"0181 5"86 0"50 
O(1) 0"2427 -0"1636 0.0882 0"0142 6"60 0"44 
0(2) 0"5765 -0"1175 0"2156 0"0143 6"97 0"47 
0(3) 0"2365 0"4025 -0.0791 0"0144 8"41 0"41 
C(1) 0"4073 -0"0527 0"1910 0"0233 4"78 0"63 
C(2) 0-3940 0"1556 0.2882 0"0229 5"52 0"68 
C(3) 0"1735 0"1283 0"3046 0"0225 5"49 0"65 
C(4) 0"1797 0"3090 0.4221 0"0233 7"55 0"62 

Tab le  2. Interatomic distances and angles within the crystal with their estimated standard deviations 
(See also Figs. 3, 4 and 5) 

Distance 
ca-o(1) 
Cu-N 
Cu-O(3) 
o(1)-c(1) 
o(2)-c(1) 
c(1)-c(2) 
c(2)-c(3) 
C(3)-C(4) 
c(3)-N 
0(3) . .O(1)nI  
0 ( 3 )  . .  o(2)n 
0 ( 3 )  • • N~I 
N - .  0(2) v 
N.. 0(1)~ 
N . .  o(1) 
0(3) . .  o(i) 

d (r(d) Angle 
2.004/~. 0.014 A O(3)-Cu-N 
1"99~ 0"018 0(1)-Cu-N 
2.453 0.014 O(1)-Cu-O(3) 
1.30 a 0.027 0(1)-C(I)-O(2) 
1-224 0.027 O(1)-C(1)-C(2) 
1.491 0.033 O(2)-C(1)-C(2) 
1-494 0.033 C(1)-C(2)-C(3) 
1.491 0.033 C(2)-C(3)-C(4) 
1.436 0.030 C(4)-C(3)-N 
2.788 0-020 C(2)-C(3)-N 
2.732 0.020 I = x ,  y, z 
3-057 0.023 I I = x +  1, y, z 
3.079 0.023 I I I = ~ ,  if+ 1, 
2.779 0.023 IV=x ,  y +  1, z 
2.872 0.023 V--x--  1, y, z 
3.247 0.020 

o- 
93 ° 32" 12" 
91 ° 53' 12' 
92 ° 58" 19" 

122 ° 42' 2 ° 10' 
120 ° 55" 2 ° 37' 
116 ° 57' 2 ° 28' 
113 ° 1" 1 ° 51" 
111 ° 8' 1 ° 46' 
108 ° 42' 2 ° 21' 
113 ° 35" 2 ° 38' 
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h k l  
02 O0 O0 
03 O0 O0 
04 O0 O0 
05 O0 O0 
06 O0 O0 
07 O0 O0 
08 O0 O0 
O0 O00 l  

T a b l e  3. Table  o f  observed and  

IFol Fv 
125 130 
153 152 
241 230 
353 350 

34 42 
112 116 

69 68 
300 256 

O0 01 O0 562 571 
+ 0 1 0 1 0 0  99 - -86  
--01 01 O0 345 311 
+ 0 2  O1 O0 371 338 
-- 02 O1 O0 444 451 
+ 0 3  01 O0 110 102 
- -03 01 O0 404 408 
+ 0 4  01 O0 157 169 
+ 0 5  O1 O0 230 213 
- -05 O1 O0 235 225 
+ 0 6  O1 O0 47 39 
- -06 O1 O0 129 121 
÷ 07 Ol O0 90 75 
- -07  Ol O0 192 171 
--08 Ol O0 i14 96 

O0 02 O0 
+ Ol 02 O0 
--01 02 O0 
+02 02 O0 
--02 02 O0 
-- 03 02 O0 
+ 04 02 O0 
--04 02 O0 
+05 02 O0 
-- 05 02 O0 

+ 06 02 O0 
-- 06 02 O0 
- -07 02 O0 
- -08 02 O0 

O0 03 O0 
+ 0 1  03 O0 
--01 03 O0 
+ 02 03 O0 
- -  02 03 O0 
+ 0 3  03 O0 
- -03 03 O0 
+ 04 03 O0 
- -  04 03 O0 
+ 05 03 O0 
- 0 5  03 O0 
+06 03 O0 
- -06 03 O0 
--O7 03 O0 

+ 0 1  04 O0 
--01 04 O0 
+ 0 2  04 O0 
- -02 04 O0 
+ 0 3  04 O0 
- -03 04 O0 
+ 0 4  04 O0 
- -04  04 O0 
+05 04 O0 
- -05 04 O0 
+ 0 6  04 O0 
- -06  04 O0 
--07 04 O0 

O0 05 O0 

129 
202 

2I 
279 
148 
433 
115 
109 
120 

84 
48 
91 

135 
124 

40 
117 
261 
122 
181 
128 
114 
116 

59 
47 

125 
61 

133 
56 

129 
177 
107 
256 
140 

88 
64 

124 
33 
47 
31 

113 
67 

93 

calculated structure factors fo r  the non.zero ref lexions 

129 
188 
- -2  
271 
154 
492 
116 
109 
129 

69 
60 
71 

137 
103 

- -3  
97 

261 
135 
150 
122 

88 
108 

65 
44 

106 
76 

120 
56 

160 
174 
107 
238 
164 

91 
77 

103 
42 
40 
69 
95 
68 

110 

h k 1 IFo] Fc 
+ 01 05 00 131 140 
--01 05 00 100 114 
+ 0 2  05 00 29 49 
--02 05 00 132 128 
+ 0 3  05 00 123 140 
+ 0 4  05 O0 48 56 
- -04  05 O0 188 197 
- -05 05 O0 119 101 
- -06 05 O0 46 44 
- -  07 05 O0 33 40 
- -08 05 O0 34 37 

O0 06 O0 86 97 
+ 0 1  06 O0 80 97 
--01 06 O0 63 61 
- -  02 06 O0 90 90 
- -03 06 O0 50 42 
- -04  06 O0 126 122 
- - 0 5  06 O0 114 91 
- -06 06 O0 73 63 

- -02 07 O0 48 45 
- -03 07 O0 34 41 
- -  04 07 O0 59 63 

+ 0 1  O0 01 39 43 
--O1 O0 O1 452 455 
+ 0 2  O0 01 100 97 
- -02 O0 01 220 239 
+ 03 O0 O1 242 236 
- -03 O0 O1 348 348 
+ 0 4  O0 O1 343 320 
- -04  O0 O1 366 326 
+ 0 5  O0 O1 153 189 
--05 O0 O1 150 139 
- -  06 O0 O1 96 95 
+ 0 7  O 00 l  79 71 
--07 O0 O1 79 88 

08 O00 l  30 46 
- -08 O0 O1 123 127 

O0 O0 02 52 9 
+ 0 1  O0 02 472 534 
-- 01 O0 02 294 299 
+ 0 2  O0 02 30 24 
- - 0 2 0 0 0 2  115 - - 1 1 7  

+ 0 3  O0 02 129 129 
- -  03 O0 02 144 148 
+ 0 4  O0 02 171 179 
- -04  O0 02 460 445 
- -05 O0 02 106 121 
+ 0 6  O0 02 112 105 
- -06 O0 02 136 142 
+ 0 7  O0 02 34 48 
+ 0 8  O0 02 61 60 
- -08  O0 02 72 80 

O0 O0 03 112 116 
+ 0 1  O0 03 199 228 
--01 O0 03 319 307 
+ 0 2  O0 03 58 38 
- -  02 O0 03 98 92 
+ 0 3  O0 03 134 122 
- -03 O0 03 93 71 
+ 0 4  O0 03 127 134 
- -  04 O0 03 38 78 
- -05  O0 03 129 124 
+ 0 6  O0 03 148 136 
- -06  O0 03 111 129 
+ 0 7  O0 02 41 42 

h k l ]Fo] Fc 
- -  07 O0 03 79 79 
+ 08 O0 03 41 57 
- -08 O0 03 74 60 

O0 O0 04 221 195 
+ 0 1  O0 04 75 74 
- O1 O0 04 102 105 
+ 02 O0 04 409 374 
- 0 2  O0 04 312 301 
+ 0 3  O0 04 161 169 
- 03 O0 04 248 267 
+ 0 4  O0 04 107 103 
+ 0 5  O0 04 139 136 
+ 0 6  O0 04 107 75 
--06 O0 04 56 65 
+ 07 O0 04 101 83 
- -07 O0 04 79 91 
- -08  O0 04 33 52 

O0 O0 05 185 188 
+ 0 1  O0 05 192 192 
- 0 1  O0 05 153 144 
+ 0 2  O0 05 356 357 
- 02 O0 05 473 484 
+ 0 3  O0 05 217 220 
+ 0 4  O0 05 71 79 
- 0 4  O0 05 99 109 
+ 0 5  O0 05 151 134 
- 0 5  O0 05 107 129 
+ 0 6  O0 05 89 80 
- 0 6  O 0  05 112 122 
+ 0 7  O0 05 102 78 
- 0 7  O0 05 103 121 
- 0 8  O0 05 33 20 

O0 O0 06 89 95 
+ O1 O0 06 302 293 
--01 O0 06 109 128 
+ 02 O0 06 280 266 
- -02  O0 06 359 424 
+ 03 O0 06 216 190 
- -03 O0 06 235 217 
- -  04 O0 06 144 159 
+05 O0 06 80 80 
--05 O0 06 147 127 
+ 06 O0 06 104 88 
--06 O0 06 138 165 
+ 07 O0 06 58 56 
- 0 7  O0 06 112 121 
- 0 8  O0 06 33 43 

O0 O0 07 69 69 
O1 O0 07 150 162 

--01 O0 07 253 253 
+ 02 O0 07 151 150 
- -02 O0 07 193 193 
+03 O0 07 56 52 
- -03 00 07 201 227 
+ 0 4  00 07 80 62 
- -  04 00 07 77 63 
+ 05 00 07 78 69 
- -05  00 07 78 100 
+ 0 6  00 07 110 74 
- -06 00 07 162 195 
- -07 00 07 43 87 
--08 O0 07 49 84 

0 0 0 0 0 8  40 - -38  
+ 0 1  O0 08 98 75 
--01 O0 08 161 162 

h k 1 

+ 02 O0 08 
- - 0 2  O0 08 
+ 03 O0 08 
- - 0 3  O0 08 
+ 04 O0 08 
+ 05 O0 08 
- - 0 6  O0 08 
- - 0 7  O 0  O 8  

- - 0 8  O 0  0 8  

O0 O0 09 
+ 01 O0 09 
-4-02 O0 09 
- - 0 2  O0 09 

+ 03 O0 09 
+ 04 O0 09 
- - 0 4  O0 09 
+ 05 O0 09 
- -05  O0 09 
- -07  O0 09 

O0 O0 10 
-4-O1 O0 10 
- - O 1  O0 10 
- -  02 O0 10 
+ 0 3  O0 10 
+ 04 O0 10 
- -05  O0 10 
- - 0 7  O 0  1 0  

O0 O0 11 

+01 O0 i i  
--01 O0 i i  
+02 O0 i i  
--02 O0 II 
+03 O0 Ii 
--04 O0 II 
--05 O0 l l  

O0 O0 12 
+ 0 1  O0 12 
- - O 1  O0 12 
-4-02 O0 12 
- -03 O0 12 
- - 0 4  O0 12 
- -  05 O0 12 
- -06 O0 12 

O0 O0 13 
+ 0 1  O0 13 
--01 O0 13 
- -  04 O0 13 
- -05 O0 13 

O0 + 0 1  O1 
O0 - O1 O1 
O0 + 02 O1 
O0 - 02 O1 
O0 + 03 Ol 
O0 - 03 O1 
O0 -4- 04 O1 
O 0  - 0 4  O 1  

O0 -t-05 O1 
O0 - -  05 O1 
00 + 06 01 
O0 -- 06 Ol 

00 + 0 1  02 

IFol 
] 49 
125 

57 
197 
112 

33 
80 
34 
43 

134 
173 

81 
76 

57 
41 
98 
41 
80 
53 

214 
99 
80 

126 
109 

63 
82 
70 

141 
81 

116 
78 
58 

105 
72 
80 

79 
96 

140 
78 
79 
79 
75 
82 

64 
41 
74 
68 
51 

234 
361 
262 
323 
222 

48 
127 

53 
219 
112 

74 
53 

275 

-~C 
]48 
112 

56 
230 

98 
21 

108 
57 
71 

121 
143 

82 
84 

65 
41 

130 
41 
96 
67 

190 
66 
79 

158 
96 
51 
90 
89 

114 
63 
99 
75 
69 
72 

114 
83 

77 
75 

125 
48 
78 

100 
82 
75 

54 
41 
73 
61 
57 

221 
370 
249 
297 
229 

- -26  
153 

36 
190 
106 

76 
53 

233 
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h k l IFol 1?c 
00 - 0 1  02 338 --376 
00 +02 02 281 277 
00 - 0 2  02 136 140 
00 +03 02 389 427 
00 - 0 3  02 195 170 
00 +04 02 175 188 
00 - 0 4  02 155 182 
O0 + 05 02 78 89 
O0 - -  05 02 149 144 
O0 +06 02 41 40 
O0 --06 02 74 74 

O0 +01 03 277 261 
O0 -01 03 59 30 
O0 +02 03 218 226 
O0 -02 03 186 167 
O0 +03 03 177 190 
O0 --03 03 132 130 
O0 --04 03 264 297 

Table  3 (cont.) 

h k g IFol F~ 
O0 --05 03 llO 125 
O0 +06 03 87 76 
O0 - 0 6  03 51 61 

O0 + O1 05 332 345 
O0 - 0 1  05 165 182 
O0 + 02 05 266 247 
O0 --02 05 134 142 
O0 +03 05 292 256 
O0 --03 05 180 177 
O0 + 04 05 127 107 
O0 --04 05 208 211 
O0 +05 05 54 33 
O0 --05 05 68 73 
O0 +06 05 58 38 

00 +01 06 338 353 
O0 - -  O1 06 144 165 
O0 +02 06 264 267 
O0 --02 06 115 83 

h k l IFol Fc 
00 +03 05 178 185 
O0 - 03 06 51 38 
00 +04 06 135 142 
0G --04 06 127 107 
O0 +05 06 53 59 
O0 -05 06 84 86 
O0 -06 06 66 64 

O0 +01 07 33 31 
O0 --01 07 239 228 
O0 +02 07 35 25 
O0 --02 07 175 158 
O0 + 03 07 130 127 
00 --03 07 112 134 
00 +04 07 135 168 
00 +05 07 86 89 

O0 +01 08 36 -50 
O0 -01 08 238 215 
O0 +02 08 53 63 

h ~ Z lFol Fc  
00-020S 2O6 200 
O0 +03 08 94 87 
O0 --03 08 129 165 
O0 +04 08 ll4 122 
O0 +05 08 112 74 

O0 +O1 09 lO1 125 
O0 --01 09 I19 122 
O0 +02 09 iII 109 
O0 --02 09 086 103 
O0 + 03 09 54 49 
O0 +04 09 51 48 

00 +01 l0 99 132 
00 --01 10 139 152 
00 +02 10 99 111 

00 +01 11 58 84 
00 --01 11 63 86 

t oge the r  w i t h  the i r  ca lcula ted  s t a n d a r d  devia t ions .  
Table  2 gives t he  values  of var ious  i n t e r a tomic  dis- 
tances  and  angles wi th in  t he  crystal ,  also w i th  the i r  
ca lcula ted  s t a n d a r d  devia t ions .  Table  3 lists t he  values  
of ]Fo] a n d  Fc for t he  m e a s u r e d  non-zero  reflexions.  
The  va lue  of R for t he  ref lexions l i s ted  is 0.11. 

D e s c r i p t i o n  o f  t h e  s t r u c t u r e  

A r ep re sen t a t i on  of t he  s t ruc tu re  of one molecule  of 
t he  complex  is shown  in  Fig. 2. E a c h  copper  a t o m  is 
associa ted  w i t h  two molecules  of f l -aminobutyr ic  acid 
and  two  molecules  of water .  The  coord ina t ion  of a toms  
a round  t he  copper  is oe tahedra l .  The  mid -p lane  of t he  
oc t ahed ron  is de f ined  by  Cu, a n d  0(1) and  N of one 
acid residue.  The  r e m a i n i n g  two apices of t he  octa- 
h e d r o n  are each  occupied  by  a wa te r  molecule.  All 
d is tances  and  angles w i th in  t he  coord ina t ion  octa- 
h e d r o n  are normal ,  be ing comparab le  to  those  found  
in  s imilar  molecules  (Orgel & Duni tz ,  1957). The  
observed  d is tor t ions  in t he  o c t a h e d r o n  are in accord 
wi th  those  expec ted  on  t he  basis of t he  theore t ica l  
cons idera t ions  p u t  fo rward  b y  Orgel (1956) on t he  
basis of t he  J a h n - T e l l e r  effect. 

Other  b o n d  leng ths  and  angles w i th in  the  molecule  
are also normal ,  none  of t he  obse rved  b o n d  leng ths  
be ing  s igni f icant ly  d i f fe rent  f rom those  c o m m o n l y  

accepted (Sutton, 1958). The four carbon atoms of 
one  acid res idue  dev ia t e  f rom the  p lane  of e q u a t i o n  

0 . 1 3 0 7 X -  0.7042 Y +  0 . 6 9 7 2 Z -  1-7233 = 0 

b y  a m o u n t s  r ang ing  f rom 0.06 to  0-07 A ( a ( r )C=  
0.028/~). The  tors ion  angle  C(1)-C(2). C(3)-N is 66o49 ', 
es tabl i sh ing  t he  gauche-configuration of the  fl-amino- 
bu ty r i c  acid residue.  This conf igura t ion  is s imilar  to  
t h a t  f ound  for copper(II)-bis-(fl-alanine) h e x a h y d r a t e  
(Tomita ,  1960b). 

The  in te r -molecu la r  forces are of two kinds.  I n  t he  
c direct ion,  as can be seen f rom Fig. 3, no rma l  van  der  

. . . .  ,k~08°42 ' N' L, .. 0(1) /1.23 

c(2)'c~ 113°1 ' 91~53'( ] , C u  l"4?k)DC(2) 

122v4ZO o , © . . . .  I O 1"44 C~(3) 
/116,57 O(1)' I N - -  ]L  .49 

0 ( 2 ) , 0  3)' 0 c ( 4 )  

Fig. 2. Representation of one molecule of b/s-(/~-aminobuty- 
rato)-copper (I1) dihydrate showing bond lengths and angles. 

• , . _  

5' 0(: . ~  

/ore \ c(4)_ 

Fig. 3. Arrangement of molecules in the (010) projection 
showing inter-molecular approaches. 

- -  Chemical bonds, - . . . . . . .  possible hydrogen bonds, 
. . . . . .  van der Waal's contacts. 

Waa l ' s  forces operate ,  whi ls t  in the  a and  b d i rec t ions  
the  s t ruc tu re  is he ld  t oge the r  in add i t i on  by  means  of 
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hydrogen bonds. A word of explanation is necessary 
in connection with the hydrogen bonding. The nitrogen 
atom of one molecule makes two short contacts with 
atoms in neighbouring molecules: N. . .  0 (2 ) (x -1 ,  y, z) 
= 3.08 A, and N .  • • 0(3) @, ~ + 1, 5)= 3.06 /~. Fig. 4, 
however, shows that only N .  • • 0(2) can be a feasible 
hydrogen bond involving a hydrogen atom of the 
amino group if the configuration of the bonds about 
the nitrogen atom is held to be tetrahedral, the 
distortion involved in forming N "  • 0(3) being pro- 
hibitive. 

@. 

• 3"06 

7 6 ~  o ~ 0  o/,2' 

! 

i 
i 3"08 

! 

6 
Fig. 4. Arrangement of atoms around the -NH~ group. 

Bond types as indicated in Fig. 3. 

/ 
°'o • ". /'2"79 

"'.,3'06 I 
o.  • ? . . . . 1 5 ~ /  

IFF4\ 

Fig. 5. Arrangement of atoms about the water molecule. 
Bond types as in Fig. 3. 

The hydrogen bond system involving the water 
molecule is rather interesting. Here there are three 
short approaches of neighbouring molecules to the 
water molecule: 0(3) • • • N (~, ~+1,  ~)=3.06 A (the 

same distance as discussed above), 0 ( 3 ) . . "  0(1) 
(x, y +  1, z)=2-79 •, and 0(3) • • • 0(2) (x+ 1, y, z)= 
2.73 A. Fig. 5 shows the arrangement of these various 
atoms relative to the bond Cu-O(3). Assuming the 
distribution of orbitals about the oxygen atom of the 
water molecule to be tetrahedral, it is apparent that  
any one of these approaches might represent a hydro- 
gen bond, but that  it is impossible to form all three 
bonds, or indeed any two, simultaneously. A bond to 
the amino group involving donation of a hydrogen 
atom from the water molecule may be ruled out owing 
to the steric repulsion offered to such a hydrogen atom 
by the hydrogen of the amino group. We therefore 
assume that  the water molecule is so arranged in the 
crystal that  each of the bonds of type O - H . . .  0 is 
formed with a probability ½, or that  it is free to rotate 
about the axis Cu-O and to achieve the same result 
on a time average basis. This latter alternative is 
perhaps the more likely when one notes that  the value 
of the exponent B for the water molecule is 8.4, 
significantly higher than the corresponding values for 
the other oxygen atoms in the molecule, 6.6 and 7.0, 
and that  the crystal also loses water readily on ex- 
posure to the air confirming that  the water molecule 
is but loosely bound in the crystal. 

D i s c u s s i o n  

In forming complexes with s-amino acids, the cupric 
ion is commonly found to participate in the formation 
of five-membered ring systems. In the case of co-amino 
acids, as the distance between the coordinating atoms 
in the acid residues increases, the ease with which 
complex formation occurs decreases, steric influences 
presumably inhibiting the formation of the larger 
rings. This analysis of the structure of copper (II) 
bis-(fl.aminobutyrate) dihydrate shows that, as in the 
case of copper (II) bis-(fl-alanine), the cupric ion may 
readily take part in the formation of a six-membered 
ring. We are at present examining the crystal structure 
of copper (II) bis-(7-aminobutyrate ) dihydrate where 
a seven-membered ring system might be expected to 
occur. I t  is of some interest to discover whether the 
still larger rings, such as the eight-membered ring 
suggested by Nakahara et al. (1956) as occurring 
in copper (II) bis-(~-aminovalerate), or the nine- 
membered ring proposed by Pfeiffer et al. (1952) for 
copper (II) bis-(hexamethylenediamine) perchlorate, 
do in fact occur, or whether the structure will be of the 
types shown below 

O 
I ~/N-(CH..)~- ]~-0\/ 

Cu Cu 
~0-C-- (CH.)n-N ~ J; 

O 
II ~/N-(CH,) n-c-o\ /  

Cu Cu 
/ ~ N - ( C H 2 ) n - C - 0 / \  

I1' 
0 

Experiments designed to decide this question are 
planned. 
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A M a t h e m a t i c a l  T e c h n i q u e  for the P r e c i s i o n  D e t e r m i n a t i o n  of 
Latt ice  P a r a m e t e r s *  

:BY RICHARD E. VOGEL t AND CHARLES P. KE~PTER 

Universi ty  of California, Los A lamos  Scienti f ic Laboratory, Los Alamos,  1Vew Mexico,  U . S . A .  

(Received 1.February 1960 and in revised form 20 March 1961) 

A computer code has been developed for the precision determination of crystal lattice parameters, 
using the Hess method as a basis with the following modifications: (1) No approximations are made 
in the solution of the observation equation and (2) The method is extended to the hexagonal and 
orthorhombie crystal systems and to additional extrapolation functions. In  the majori ty of the 
determinations, with randomly selected materials, the Hess approximation gave results comparable 
with the exact technique; however, because of certain restrictions the exact technique is recom- 
mended. 

Introduct ion  

The precision determinat ion of latt ice parameters  is 
a powerful technique for basic studies of the solid 
state. Examples  include the precise measurement  of 
bond distances, true densities, thermal  expansions, 
compressibilities, and  solid-solution effects. 

Graphical  extrapolat ion methods for the e l iminat ion 
of systematic  errors in la t t ice-parameter  measure- 
ments  have been t reated by  m a n y  investigators.  
Their correct usage has been discussed by Kempter 
(1959), and  the most useful extrapolat ion functions 
t abu la ted  as a funct ion of Bragg angle. 

Analy t ica l  methods have been discussed by  Cohen 
(1935, 1936a, 1936b) and  Hess (1951). These methods 
are more readi ly  applicable than  extrapolat ion meth- 
ods to non-cubic crystal  systems, but  the complexi ty  
of the calculations necessitates the use of a computing 

* This paper is based on Los Alamos Scientific Laboratory 
Report LA-2317, April 1959. 

Present address: Kaman Corporation, Colorado Springs, 
Colorado. 

machine.  Of the two analyt ica l  methods,  the Hess 
method is preferable since i t  assigns statist ical  weights 
to the observed points. This weighting is a necessity 
since the weighting funct ion increases t remendously  
as the Bragg angle approaches 90 ° 0. 

For the cubic system, using a Debye-Scherrer  or 
symmetr ica l  back-reflection focusing camera, Hess 
s tar ted his f i t t ing procedure with the following general 
equation expressing the funct ion F.  

F= A0~ + K0~- 7, (1) 
where 

A o = 1/ao 2 ; 

a = ½22n2(h ~ + k 2 + 12) ; 

a0 = the latt ice parameter ;  

2 = wave length, 
n = an integer, 

hkl = Miller indices; 

K0 = the 'drif t  constant '  ; 

(5= ¢ sin ¢ ,  the error term, which assumes 
zJ ~b oc ¢ ,  where ¢ = ~ -  20 ; 

y = 1 + cos ¢ = 2 sin 2 0 .  


