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The Structure of Coordination Compounds.  III. A Refinement of the Structure 
of Zinc 8-Hydroxyquinol inate  Dihydrate 
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The crystal structure of zinc 8-hydroxyquinolinate dihydrate,  Zn(CgHsON)2.2H20, which was 
originally de termined by Merritt, Cady & Mundy in 1954 has been refined by least-squares methods.  
The coordinates and individual  anisotropic thermal  parameters  for all atoms, except the hydrogen 
atoms, were refined. The full mat r ix  was computed for each least-squares cycle. 

The bond distances in the hydroxyquinol ine  group have undergone significant changes. The 
results are compared with the structures of fl-copper 8-hydroxyquinolinate  and 2,2'-biquinolyl. 

Introduction 

After  t he  comple t ion  of a s t ruc tu ra l  s t u d y  of t he  fl 
fo rm of an_hydrous copper  8 - h y d r o x y q u i n o l i n a t e  
(Palenik ,  1964), we wished  to  compare  our resul ts  wi th  
o the r  c o m p o u n d s  con ta in ing  s imi lar  groups.  The  crys- 
t a l  s t ruc tu re  of zinc 8 - h y d r o x y q u i n o l i n a t e  d i h y d r a t e  
was or ig inal ly  d e t e r m i n e d  by  Merr i t t ,  Cady  & M u n d y  
(1954) (MCbI). However ,  t he  s t ruc tu re  was no t  com- 
p le t e ly  ref ined,  even  t h o u g h  t he  au thors  h a d  careful ly  
col lec ted  t h r e e - d i m e n s i o n a l  da ta .  Since t he  da t a  were  
r ead i ly  avai lable ,  we dec ided  to  comple te  the  refine- 
m e n t  of th is  s t ruc tu re  so t h a t  a va l id  compar i son  of 
t he  two sal ts  could  be made .  

Refinement procedure 

The space group  of the  zinc sal t  r e p o r t e d  by  MCM is 
P2~/a. The u n i t  cell was t r a n s f o r m e d  to  the  space 
group P21/c, since t he  necessa ry  p rograms  h a d  been  
a s sembled  for t he  l a t t e r  space group.  The  p e r t i n e n t  
c rys ta l  d a t a  r e p o r t e d  by  MCM are g iven  below for 
t he  s e t t i ng  P21/c. 

a0=13.16,  b0=5-42, c 0 = 1 1 . 2 8 • ;  f l = 1 0 6  ° 18 ' .  

The  d e n s i t y  m e a s u r e d  b y  MCM is 1.682 g .cm -8, 
whi le  t he  va lue  ca lcu la ted  for two molecules  per  un i t  
cell is 1-676 g .cm -3. 

The  p resen t  r e f i n e m e n t  was carr ied  ou t  by  least-  

squares using the observed amplitudes of MCM. A 
t o t a l  of n ine  cycles of leas t  squares  was carr ied  out,  
t he  full  m a t r i x  be ing  c o m p u t e d  for each cycle. The 
we igh t ing  scheme e m p l o y e d  for each cycle was:  

if Y(obs) < 15.0 Vw = 1.0 

if F(obs)  > 15.0 ~/w= 15.0/F(obs) 

where  the  or iginal  scale of MCM was r e t a i n e d  for t he  
obse rved  ampl i tudes .  

The  sca t t e r ing  fac tor  for zinc was correc ted  for 
d ispers ion  by  sub t r ac t ing  t he  va lue  of 1.7 e lec t rons  

Table  1. Summation of positional parameters from pre- 
vious work (MCM), and the present study (PS) and 

standard deviations in the present study 
All values have been multiplied by 104 

Atom X Y Z 
C(1)MCM 1940 2860 1580 

PS 1972 2896 1588 
a 0007 0016 0008 

C(2) MCM 3010 3260 2040 
PS 3057 3315 2046 

0008 0018 0008 

C(3) MCI~ 3720 1750 1670 
PS 3742 1818 1679 

0007 0018 0008 

C(4) MCM 3360 - 0220 0820 
PS 3351 - 0120 0826 

0006 0017 0007 

C(5) MCM 3960 - 1680 0370 
PS 3987 -- 1745 0372 

0007 0019 0008 

C(6) MCM 3500 - 3540 -- 0490 
PS 3540 - 3505 -0471 

0007 0020 0009 

C(7) IVICi~ 2440 - 3770 --0910 
PS 2449 - 3805 -- 0893 

0007 0019 0008 

C(8) MCM 1780 -- 2300 --0480 
PS 1769 -- 2287 -- 0486 

0006 0016 0007 

C(9) MC~I 2250 -- 0420 0410 
PS 2232 - 0391 0408 

0006 0014 0007 

N MCM 1560 1040 0790 
PS 1574 1087 0800 
a 0005 0013 0006 

O(1)MCM 0760 --2380 -- 0880 
PS 0733 - 2512 - 0866 
a 0005 0011 0005 

O(2)MChi 0020 --2660 1560 
PS 0024 -- 2750 1517 
a 0006 0012 0006 

Zn MCM 0000 0000 0000 
PS 0000 0000 0000 
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given by  Dauben & Templeton (1955) from the neut ra l  
zinc curve given by  Freeman  & Watson  (1961). The 
oxygen and ni t rogen scat ter ing factors were t a ke n  
from Hoerni  & Ibers (1954) and  carbon-graphi te  and 
hydrogen  from McWeeny (1951). 

The ref inement  was in i t ia ted  wi th  MCM's final  
posi t ional  parameters  which are reproduced in Table 1. 
An isotropic B of 2.23 was used for the ini t ia l  least- 
squares cycle and anisotropic the rmal  parameters  
were refined in subsequent  cycles. Three least-squares 
cycles dropped the  residual  R from 24.1% to 13.7% 
and the  sum of the squares of the weighted residuals 
from 14560.4 to 4541.5. At this poin t  a careful survey 
of the observed and calculated values of the  s t ructure  
ampli tudes  revealed five reflections t h a t  were in poor 
agreement.  Four  of the five reflections appeared to be 
in error by ~/10, a reasonable error. Since nei ther  
the films nor the  original in tens i ty  da ta  were avail- 
able, the  five reflections were arb i t rar i ly  changed. 
These five reflections are l isted in Table 2 together  with 
the  values calculated af ter  three cycles and  the ad- 
justed values. Three addi t ional  least-squares cycles 
were computed.  At  this point  the  shifts were all smaller 
t h a n  the s t andard  deviat ions computed from the in- 
verse matr ix.  The value of R was 13.1%. 

Table 2. List of structure amplitudes changed 
from previous values of MCM 

/~(obs)* F(obs):~ 
hkl MCM F(calc)~ PS 

245 37.2 3.5 3.7 
640 38.1 18-1 12.1 

10,4,0 41-6 17.0 13.2 
11,4,0 37.3 13.5 11.8 
12,4,0 31.5 11.2 10.0 

* Value reported by MCM. 
t Value calculated after 3 least-squares cycles. 
+ Corrected value. 

An a t t e m p t  was made to locate the  hydrogen atoms. 
There was some doubt  as to whether  this  effort was 
war ran ted  because of the  accuracy of the  data.  A dif- 
ference Fourier  synthesis  was calculated wi th  the  
last  set of parameters  from the  least-squares refine- 
ment .  The hydrogen  atoms were assumed to lie on an 
extension of the cross-ring vector  a t  a dis tance of 1 A 
from the appropr ia te  carbon atom. The six hydrogen 
atoms on the  quinoline ring all fell near  or on posit ive 
areas in the  difference Fourier  map. The ring hydrogen 
posit ions were then  adjus ted  to correspond to the  
posit ive peaks in the  difference Fourier  synthesis.  Of 
the two hydrogen atoms on the  water  molecule, only  
one could be located wi th  even a small degree of con- 
fidence. The second hydrogen was assumed to be 1 J( 
away from the  oxygen. Of the  two posit ions which 
would give the  oxygen t e t r ahedra l  configuration, one 
posi t ion or iented the  hydrogen a tom toward  another  
oxygen atom. This configurat ion was assumed to be 
correct. 

Three addi t ional  least-squares cycles were com- 
puted.  The cont r ibut ion  of the  hydrogen atoms was 
calculated, but  the  a toms were not  refined. No signifi- 
cant  changes were produced in the parameters  of the  
heavier  atoms. Thus, the  ref inement  was te rminated .  

Resul ts  and discuss ion  

The final  posi t ion parameters  and  the i r  s t andard  
deviat ions  computed from the inverse mat r ix  are sum- 
marized in Table 1. The final  coordinates of MCM 
were t ransformed to correspond to the new sett ings 
and are included for comparison in Table 1. The dif- 
ference between the  two sets of parameters  is un- 
doubted ly  due to the  diagonal  approx imat ion  used by 
MCM and to the  small number  of least-squares cycles 
computed wi th  this  approximat ion.  

The present  ref inement  ut i l ized anisotropic thermal  
parameters .  The the rmal  parameters  and  thei r  stand- 
ard deviat ions  are given in Table 3. 

The pa ramete r  shifts have changed the  bond dis- 
tances and  angles repor ted by MCM. In  Table  4 the  per- 
t i nen t  in t ramolecular  bond distances and  angles have 
been collected for the  two sets of parameters .  The- 
distances and angles in the  molecule, with the  excep- 
t ion of the water  molecule, are i l lus t ra ted  in Fig. 1. 

The z inc -hydroxy l  oxygen bond dis tance of 2.066 J~ 
is 0.033 _~ shorter  t h a n  the  z inc-ni t rogen distance of 

Table 3. Anisotropic thermal parameters 
The temperature factor was of the form 

Ti = exp { -- (Bnh 2 + B22k 2 + B33/2 n u B12hk + Blahl + B2ah:/) } 

Atom BII B2~ B3z B12 Bla Bza 
C(1) 0042 0204 0038 0008 --0011 --0019 
a 0005 0030 0006 0020 0009 0024 

C(2) 0047 0234 0051 --0084 0005 --0028 
0006 0031 0007 0022 0010 0026 

C(3) 0039 0270 0049 -0046 --0003 0003 
a 0005 0033 0007 0021 0010 0027 

C(4) 0034 0261 0034 --0010 0014 0036 
0005 0031 0006 0021 0008 0025 

C(5) 0027 0331 0053 0029 0032 0036 
a 0005 0036 0007 0021 0009 0028 

C(6) 0038 0347 0056 0064 0028 -0009 
0005 0040 0008 0024 0010 0029 

C(7) 0044 0308 0048 0052 0026 0003 
a 0006 0036 0007 0024 0011 0028 

C(8) 0032 0232 0028 - 0010 0019 0015 
0005 0029 0005 0019 0008 0022. 

C(9) 0028 0187 0027 - 0010 0008 0030 
0004 0027 0005 0017 0008 0021 

N 0034 0168 0041 -- 0020 0009 0003 
0004 0022 0005 0015 0007 0019 

O(1) 0034 0234 0045 --0021 0004 --0051 
0004 0021 0005 0014 0006 0017 

0(2) 0073 0222 0045 --0043 0007 --0002 
0005 0022 0005 0018 0008 0018 

Zn 0022 0229 0035 --0003 0008 --0048 
a 0001 0006 0001 0003 0001 0004 
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2.099 J~. The inequali ty of the metM-oxygen and 
metal-nitrogen bond distances has been discussed 
previously by the author (Palenik, 1964). There are 
few precise values of either the zinc-oxygen or zinc- 
nitrogen bond distance reported in the literature for 
comparison with the present values. The values for 
the zinc-oxygen bond distance were summarized by 
Klug, Alexander & Sumner (1958) and also by Lippert 
& Truter  (1960). The distances reported for the zinc- 
oxygen bond distance range from 2.05 A to 2-18 A, 
and the distance of 2.066 _~ found in the present s tudy 
is not unreasonable. Fewer values for the zinc-nitrogen 
bond distance are available, but  this distance can be 
expected to be slightly longer than the corresponding 
metal-oxygen distance. 

The distance of 2.263 A from the water molecule to 
the zinc atom is longer than is usually found for a 
zinc-oxygen bond. As MCN pointed out, the com- 
pound is easily dehydrated, suggesting a weak zinc- 
water bond. 

A comparison of the bond distances and angles of 
the hydroxyquinolinate group in the zinc and copper 

Table 4. Intramolecular distances and angles 
for the two parameter sets 

Distance* 

B o n d  " MCM PS 

Zn-O(1)  2.05 A 2.066 A 
Zn-O(2)  2.27 2.263 
Z n - N  2.06 2.099 
N-C(1)  1.33 1.328 
C(1)-C(2) 1-38 1.394 
C(2)-C(3) 1.40 1.361 
C(3)-C(4) 1.42 1.420 
C(4)-C(5) 1.32 1.407 
C(5)-C(6) 1.41 1.359 
C(6)-C(7) 1.34 1.388 
C(7)-C(8) 1-37 1-386 
C(8)-C(9) 1.44 1.448 
C(9)-C(4) 1.40 1.423 
C(9)-N 1.37 1.342 
C(8)-O(1) 1.29 1.314 

Angle 

A t o m s  " lV[CM PS 

O ( 1 ) - Z n - N  79.8 ° 81.5 ° 
O(1)-Zn-O(2)  94.6 90.8 
N - Z n - O ( 2 )  92.7 93.3 
Z n - N - C ( 9 )  111-8 109-9 
N-C(1) -C(2)  120"9 122-6 
C(1)-C(2)-C(3) 119.9 119.1 
C(2)-C(3)-C(4) 121.1 120.2 
C(3)-C(4)-C(9) 113.5 116-4 
C(4)-C(9)-N 125.1 122-2 
C(9)-C(4)-C(5) 121.0 118.8 
C(4)-C(5)-C(6) 120-1 120.6 
C(5)-C(6)-C(7) 120.6 121.7 
C(6)-C(7)-C(8) 121.6 121.2 
C(7)-C(8)-C(9) 117.4 117.8 
C(8)-C(9)-C(4) 118.8 119.9 
C(8)-O(1)-Zn 114.3 111.3 
C(9)-C(8)-O(1) 117.4 119.3 

* The p robab le  error in the  l ight a t o m - l i g h t  a t om dis tances  
is 0.06-0.08 /~ for MCM and 0.015 /~ for PS.  

(1/i   099 
1"3141 / 

(7)C- b C ~ ,  %.~t0- N 7~26 ' 

I 
c 

(5) (o) (31 

122"9 C 119-3 109.9 N 130-6 

(6)C~ I"7 118j 8c 2 °'4 "Y2 C(2) 

120-6 (4) 120.2 

(s) 0) 
(b) 

Fig. 1. Dis tances  and angles in the  zinc 8 -hydroxyquino l ina te  
por t ion  of the  molecules.  

salts is very interesting. The average distances in 
anhydrous fl-copper 8-hydroxyquinolinate are illus- 
t ra ted in Fig. 2. The structure of 8-hydroxyquinoline 
has not been reported in the literature, but the di- 
mensions of 2,2'-biquinolyl reported by Dat ta  (1959) 
are also il lustrated in Fig. 2. 

The dimensions of the hydroxyquinoline group in 
the two metal salts are surprisingly similar. The stand- 
ard deviation between chemically equivalent bonds 
is 0.017 A. The largest difference is 0.047 A between 
the distances C(6)-C(7) in the two salts. By the 
criterion proposed by Cruiok~h~nk & B0ber~s0n 
(1953), to=2"66, this difference is on the border of 
significance. However, the three values of this bond 
distance observed in the two determinations, 1.388, 
1.424 and 1.446 A, give an average value of 1.419. 
None of the three bond distances differs significantly 
from this mean value. 

I t  appears that  the hydroxyquinoline group has 
identical dimensions in the two salts. This result is 
somewhat surprising since the two metal atoms have 
different configurations. The dimensions are also 
similar to those found in 2,2'-biquinolyl by Dat ta  (1959). 
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Pig. 2. Distances and angles in fl-copper 8-hydroxyquinolinate 
and 2,2'-biquinolyl. 

The  ind i ca t ion  is t h a t  the re  is l i t t l e  change  in  the  
8 - h y d r o x y q u i n o l i n e  molecule  r e su l t ing  f rom complex  
fo rmat ion .  I t  would  be i n t e r e s t i ng  to  compare  t he  
h y d r o x y q u i n o l i n e  conf igura t ion  in  t he  two m e t a l  
sa l t s  w i t h  a s t r i c t l y  ionic case such as the  p o t a s s i u m  
or sod ium sal t .  

A n u m b e r  of l eas t - squares  p lanes  were c o m p u t e d  b y  
the  m e t h o d  of Schomaker ,  Waser ,  Marsh  & B e r g m a n  
(1959), a n d  the  d a t a  are p r e s e n t e d  in  Tab le  5. The  
h y d r o x y q u i n o l i n e  group is p lanar ,  b u t  the  zinc a t o m  
is d i sp laced  f rom th i s  p lane.  I n  t he  copper  salt ,  t he  
copper  a t o m  is also d i sp laced  f rom the  p l ane  of t he  
h y d r o x y q u i n o l i n e  molecule.  I n  t he  zinc sa l t  th i s  dis- 
p l a c e m e n t  is d i f f icu l t  to  exp la in  since d2Sp 3 hybr id i za -  
t i on  of t he  zinc a t o m  p r e s u m a b l y  would  lead  to  a 
planar configuration. 

A projection of several molecules on the (010) plane 
is illustrated in Fig. 3. The intermolecular distances 
less than 4.0 /~ were computed and some of the per- 
tinent distances are given in Table 6. The closest 
intermolecular approach is between the coordinated 
water of one molecule and the hydroxyl oxygen of 

Plane 

I 

II 

III 

Tab le  5. Least-squarez planes 

Atom I t I I t  I I I t  
C(1) 010 009 023 
C(2) 020 020 022 
C(3) --002 -001 --008 
C(4) --013 -013  --017 
C(5) --013 -013  --025 
C(6) 013 013 004 
C(7) 012 010 013 
C(8) 005 003 015 
C(9) -015  -016  -008  
N --016 --017 --001 
O(1) 006 003 026 
Zn -- 075 -- 078 -- 045 

Dis- 
Direction cosines tance 
with respect to from 

a b c* origin 

1874 6299 --7537 0.075 

1881 6301  --7534 0.078 

1794 6308 --7549 0.045 

Description of plane 

Quinoline group only 
C(1)-C(9), N 

Hydroxyquinoline group 
C(1)-C(9), N, O(l) 

Zinc and hydroxy- 
quinoline, 

C(I)-C(9), N, O(I), Zn 

t Deviabion from the specified plane × 10 a. 

Tab le  6. Intermolecular distances 

Xi -- Xj Molecule Distance* 

O(2)-C(7) B(010) 3.646 _~ 
O(2)-C(8) B(010) 3.552 
O(2)-O(1) B(010) 2.777 
C(5)-C(5) B(100) 3.556 
C(2)-C(6) C(000) 3.894 
C(2)-C(7) C(000) 3.992 
C(2)-C(6) C(010) 3.748 
C(3)-C(6) C(010) 3-756 
C(1)-C(7) C(0i0) 3-519 
C(2)-C(7) C(010) 3.614 
C(3)-C(7) C(0i0) 3.959 
N-C(7) C(O-[O) 3.790 
O(2)-C(7) C(010) 3.768 
O(2)-C(8) C(0i0) 3-514 
O(2)-O(1) C(010) 2.839 
C(1)-O(2) D(000) 3.840 
0(2)-0(2) D(000) 3.514 
C(3)-C(5) D(100) 3.876 

* x i  is in molecule A and X I in the molecule specified 
after Xj. The molecules are located as follows: 

A x , y , z  C x, ½--Y, ½+z 
B x , y , z  D 7,½+Y, ½--z 

The numerals after the molecular designation give the unit 
cell translations in the order a, b, c. 

a n o t h e r  molecule.  The  two d i f fe ren t  o x y g e n - o x y g e n  
con tac t s  are  2.777 a n d  2-839 /~. The  z i n c - o x y g e n  
( w a t e r ) - o x y g e n  (hydroxy l )  angles  of 133.2 a n d  118.8 ° 
are l a rger  t h a n  109 ° . However ,  the  poss ib i l i t y  of the  
ex is tence  of a h y d r o g e n  bond  is no t  e l imina ted .  There-  
fore, t he  s t a t e m e n t  of MCM t h a t  ' t hese  d i s t ances  
e l imina te  t he  poss ib i l i ty  of h y d r o g e n  bonds '  m a y  no t  
be val id .  



700 T H E  S T R U C T U R E  OF C O O R D I N A T I O N  C O M P O U N D S .  I I I  

G 

I 

c 9 ) ~  
c(8: 

N 
11)( 

0 1 

Fig. 3. Projection of the zhm 8-hydroxyquinolinate dihydrate structure on the (010) plane. 
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