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Zinc ethylxanthate, Zn(SSCOC2Hs)2, is monoclinic with a=18.278+0.014, b=5.700+0.003, 
c= 11-381 +0.012/~;/~= 101-47°+0.10 °, and space group P21/c. The unit cell contains four formula 
units. A three-dimensional X-ray structure analysis has shown that each zinc atom is tetrahedrally 
coordinated to four sulphur atoms belonging to different xanthate groups at distances 2.362, 2.337, 
2.364 and 2.369/~, all approximately within + 0.010/~. The bonds are directed to the corners of a 
slightly distorted tetrahedron. Each xanthate group, in turn, bridges two zinc atoms with its dithio- 
carbonic end in the y- or z-axis direction to complete a two-dimensional network consisting of the 

zinc atoms and -S-C-S-  atom groups. Zn-S-C bond angles are 104-9, 105.1,105-5 and 114-8 °, all + 1-0 °. 
The xanthate group is almost planar. The ethyl group, bonded with the dithiocarbonic carbon atom 
through an oxygen atom, protrudes on both sides of the network in the + x-axis direction. The methyl 
ends of the ethyl groups belonging to successive sheets of the two-dimensional network come into 
van der Waals contact through twofold screw axes. 

Introduction 

In the technical process of froth flotation, sulphide 
minerals  are separated from the gangue minerals or 
from each other by their difference in wettability by 
water. With the galena(PbS)-zincblende(ZnS) system, 
for instance, their separation is made possible by soak- 
ing the powders in aqueous ethylxanthate solution. 
Galena reacts readily with the solution to develop a 
hydrophobic  property on its surface, while zincblende 
remains hydrophil ic  in the same solution. In order to 
make the zincblende surface sufficiently hydrophobic  
for the purpose, a pretreatment of  its particles with a 
dilute aqueous solution containing Cu 2+ ion is neces- 
sary before the reaction with xanthate solution. Cu 2+ 
ions in the solution activate the zincblende surface, 
while Zn 2+ ions do not. 

In these reactions it is supposed that  a small amount  
of  heavy metal cations, either dissolved from the 
mineral  surfaces or added purposely to the solution, 
reacts with xanthate anions to produce molecular or 
crystalline aggregates of the heavy metal xanthate at 
the mineral  surface. The above mentioned behavior of  
galena and activated zincblende in the xanthate solu- 
tion suggests that the formation of a molecular or 
crystalline aggregate of lead and copper xanthates at 
mineral  surfaces is effective for endowing galena and 
zincblende surfaces respectively with the hydrophobic  
property, while the formation of similar aggregates of  
zinc xanthate has no such effect on zincblende surfaces. 
In order to elucidate these differences from the view- 
point of  the molecular  and crystalline structure of 
heavy metal xanthates, it was decided to determine the 
crystal structure of zinc ethylxanthate,  Zn(SSCOCEHs)2, 
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for comparison with the structure of lead ethyl- 
xanthate crystal which has been determined previously 
(Hagihara & Yamashita, 1966). 

Experimental 

Zinc ethylxanthate powder was prepared from the 
white precipitate obtained on titration of aqueous so- 
lutions of purified potassium ethylxanthate and zinc 
chloride. The precipitate was filtered and dehydrated 
in a vacuum desiccator. The powder obtained was dis- 
solved in ethyl alcohol. Single crystals of zinc ethyl- 
xanthate were collected from the precipitate obtained 
by the slow evaporation of the solution. The crystals 
were usually thin rectangular plates in shape. They 
often showed a needle-like appearance as a result of 
elongation along one of the edges of the plate. The 
crystal was stable in air at room temperatures. 

From preliminary Weissenberg photographs taken 
with Cu K~ radiation, the crystal was found to be 
monoclinic, with the b axis along the shorter edge of 
the rectangular plate. An accurate determination of the 
dimensions of the monoclinic cell was done with high 
purity silicon powder coated on the crystal surface as 
a reference material. With the use of values 2 = 1.5418 A 
for Cu Kc~ and a =  5.4306 ,~ for silicon, we obtained 

a--  18.278 + 0.014, b = 5.700 _+ 0.003, 
c =  11"381 +0"012 ,~; f l= 101.47 ° +0.10 °. 

The systematic extinctions indicated the space group 
P21/c. Four formula units of Zn(SSCOCzH5)2 per unit 

cell give a calculated density of 1.758 g.cm -3. The linear 
absorption coefficient/l was calculated to be 94 cm -x. 
The crystal specimen used was of the dimensions 0"013 
x 0.19 x 0.27 mm. 

A series of multiple film Weissenberg photographs 
of the k = 0, 1, 2 and 3 layers of a b-axis oriented crystal 
were taken at room temperatures with filtered Cu K~ 
radiation by the equi-inclination method. The inten- 
sities of 1548 independent reflexions (about 60% of the 
ones which may be covered with Cu K~ radiation) 
were measured by the microphotometer method, and 
also by the visual method for weaker reflexions. Of 
these reflexions, 521 were too weak to give measured 
values. They were given numerical values correspond- 
ing to half the minimum value of the observed inten- 
sities in each layer photograph. The measured inten- 
sities ranged from 1300 to 1. The intensities were cor- 
rected for the Lorentz and polarization factors. No 
absorption correction was made. 

Determination of the structure 

From a three-dimensional Patterson function calcula- 
ted with 800 fairly strong reflexions by the program 
ERFR-2 (Sly, Shoemaker & Van den Hende, 1962), 
the coordinates of zinc and sulphur atoms were deter- 
mined approximately. Based on the x z  coordinates of 
zinc and sulphur atoms thus determined, several trials 
were made in order to find the electron density projec- 
tion on (010) which is reasonable in shape and height 
of the electron density contours and in conformity with 
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Fig. 1. (010) electron-density projection, with contours at intervals of 2 e.A-2 except for the zinc atom. 
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the conf igura t ion  of  the e thy lxan tha t e  g roup  a l ready 
de te rmined  for  lead e thy lxan tha t e  crystal  (Hag iha ra ,  
gakura i  & Ikeda,  1964; H a g i h a r a  & Y a m a s h i t a ,  1966). 
By app ly ing  the successive procedure ,  the xz  coordi-  
nates o f  zinc, su lphur ,  oxygen and  ca rbon  a toms  were 
refined. Fig. 1, which  is the  final (010) pro jec t ion ,  re- 
veals the mos t  i m p o r t a n t  feature of  the s tructure,  tha t  
each of  the two su lphur  a toms  be long ing  to a xan tha t e  
g roup  is bonded  to a different  zinc a tom,  i.e. S(3) in 
Fig. 1 is bonded  wi th  the Zn a tom,  but  S(4) wi th  the 
Zn(G) a tom.  Such a conf igura t ion  is qui te  different 
f rom tha t  in lead e thy lxan tha te .  The  R value at  this 
stage was 0.16. 

W i t h  this  pro jec t ion ,  and  i n fo rma t ion  ob ta ined  f rom 
the Pa t t e r son  funct ions ,  a t e t rahedra l  conf igura t ion  of  
four  su lphur  a toms  a r o u n d  the zinc a tom was con-  
firmed, and  the i r  xyz coord ina tes  were de termined.  By 
a th ree -d imens iona l  Four i e r  synthesis  phased  on the 
con t r ibu t ion  of  these a toms,  the y coord ina tes  of  oxy- 

gen and  ca rbon  a toms  were also de termined.  In this  
synthesis  a negat ive  electron dens i ty  region a m o u n t i n g  
to - 5 e . ~  -3 at  the m i n i m u m  appeared  between Zn  and  
S(2) a toms.  However ,  since this region d i sappeared  in 
the difference Four ie r  synthesis ,  it was a t t r ibu ted  to 
the diff ract ion effect of  zinc and  su lphur  a toms  due  to 
series t e rmina t ion ,  par t icu la r ly  tha t  for  the k = 3 layer  
reflexions. The above  c o m p u t a t i o n s  were carr ied ou t  
by the p rog rams  X T L - F C  and  X T L - F S  (Ikeda,  1965). 
A t o m i c  scat ter ing values used were those adop ted  
in International Tables for X-ray Crystallography 
(1962). 

Least squares refinement. A t h ree -d imens iona l  least- 
squares  re f inement  p rogram,  X T L - L S  (Ikeda,  1965), 
was appl ied to the 1548 reflexions,  of  which  the 521 
very weak  ones were given the weight  0.2. The  overal l  
R value was improved  f rom 0-38 at  the  ini t ia l  stage 
o f  th ree -d imens iona l  Four ie r  synthesis  to 0-20 in the 
final stage of  the ref inement .  Inc identa l ly ,  it a m o u n t e d  

Tab le  1. Atomic parameters o f  zinc ethylxanthate, Zn(SSCOC2Hs)  2 

a(xO 
x~ xt/a~ (A) 

x 0"2425 0"0034 
Zn y 0.2694 0.0040 

z 0.4638 0-0032 

x 0.1416 0.0074 
S(1) y 0.0674 0.0085 

z 0.5189 0.0073 

x 0.2255 0.0075 
S(2) y - 0.3265 0.0086 

z 0-4363 0.0073 

x 0.3526 0.0072 
S(3) y 0.1799 0-0084 

z 0.6043 0"0070 

x 0.2598 0.0073 
S(4) y 0.3582 0.0081 

z 0.7731 0.0070 

x 0.1224 0.018 
O(1) y -0"3852 0"019 

z 0.5580 0.017 

x 0.3627 0.020 
0(2) y 0.0476 0"021 

z 0.8288 0.019 

x 0" 1606 0"024 
C(1) y - 0.2061 0.028 

z 0.5070 0.024 

x 0.0714 0"027 
C(2) y - 0.2879 0.030 

z 0"6360 0.025 

x 0.0390 
C(3) y -0-5137 

z 0.6803 

x 0"3277 
C(4) y 0.1831 

z 0"7401 

x 0"4188 
C(5) y - 0" 1305 

z 0.8078 

x 0.4355 
C(6) y -0.2795 

z 0.9185 

0"031 
0"034 
0"030 

0"027 
0"031 
0"027 

0"037 
0"038 
0"036 

0.037 
0.040 
0"035 

B 
(A 2) 

3"60 

4"10 

4"35 

4"04 

3"86 

4"1 

5"1 

3"6 

4"1 

5.2 

4-5 

7.2 

7.1 

a(B) Idx~l/a(xO I-4B I/a(B) 

0.09 0.05 0.27 
0.04 
0-05 

0.16 0.11 0.42 
0.01 
0.18 

0.16 0.19 0-36 
0.26 
0.19 

0.16 0.15 0.03 
0.50 
0.07 

0" 15 0"03 0"26 
0"10 
0"04 

0"4 0"17 0"5 
0"01 
0"06 

0"4 0.03 0"3 
0"23 
0"12 

0"5 0"02 0-7 
0.06 
0"08 

0"5 0-13 0"2 
0-09 
0"01 

0"7 0"02 0"I 
0"35 
0"07 

0'6 0"19 0"2 
0"47 
0"07 

O'6 0"10 O'2 
0"19 
0"22 

0"9 0"06 0"1 
0"31 
0"05 
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to 0.16 omitting the above mentioned 521 reflexions, i 
The final atomic coordinates, temperature factors, -S(1)-C(1)-S(2)-  bridges zinc atoms in the y direction 

their standard deviations in A, and the parameter 
shifts as fractions of the standard deviation in the final and the bonding -S(3)-C(4)-S(4)-  bridges them in the 
cycle of refinement are tabulated in Table 1. z direction. The ethyl groups protrude outwards on 

The observed and calculated structure factors (FO both sides of the network consisting of zinc atoms and 
and FC respectively) are shown in Table 2. Atom dis- I 
tances and bond angles are shown in Fig.2 and with - S - C - S -  atom groups. The sheets bounded by the 
standard deviations in Table 3. The configuration of methyl ends of the ethyl groups are piled up in the 
atoms in the structure is shown in Fig.3. x direction through twofold screw axes. The methyl 

ends belonging to successive sheets come into van der 
Discussion Waals contact. The external shape of the crystal, being 

thin in the a-axis direction and extended in the b- and 
Figs.2 and 3 show that each zinc atom is surrounded c-axis directions, is in conformity with this structure. 
by four sulphur atoms arranged almost tetrahedrally The structure here found is quite different from that 
around it. Each sulphur atom belongs to a different of lead ethylxanthate crystal (Hagihara & Yamashita, 
xanthate group. Each xanthate group, in turn, bridges 1966), in which the lead ethylxanthate molecule repre- 
two adjacent zinc atoms in such a way that the bonding sented by Pb(SSCOC2Hs)2 is an entity which builds a 

Table 2. Observed (FO) and calculated (FC) structure.factors 
Asterisks denote unobserved reflexions 

H L FO FC H L FO PC H L FO FC H L FO FC H I, FO PC H L ~0 PC 

ok'Olo 
16 -) `̀  ].~̀  ̀].o? -,o -~6 ~ )-1~ -,+ 4 0 118 -226 4 i01 92 - ~ 50 12" 19 I* 6 0 -20 

66 -5~2 12 2 
5 O" 2 -I0 6 . 116 -I0. ~ 8 56 6 12 15 16 -20 @ 20 -20 -18 `̀  14 -15 
4 0 24 26 
5 0 50 52 
6 0 78 -90 
? 0 55 -56 

I0 -I*~8 11 O0 128 ~ --46 
12 O= 46 
15 5~ ].2 
14 O* 

16 0 14 15 
1"2 0 16 17 
18 0 O, 27 -25 

'+ o !-i 20 0 I I 

22 0 `̀  -I 

-22 2* `̀  -i0 
-21 2 2~ 22 
-20 2 13 15 

-18 

-16 15 
-15 2 12 -I~ 
-14 2 17 -18 
-15 2 55 55 
-12 2 27 52 
-11 2 55 -57 
-i0 2 75 -79 
- 9 2 40 54 
- 8 2 71 87 

28 --~i 

99 96 
- 5 2 30 -29 
- ~  ~ 5 ? +  

24 22 
0 2 122 154 
1 22 102 119 

125 -130 
5 2 211 -259 
4 2 75 -75 

7 2 4-5 -61 
2 51 60 

9 2 `̀ 9 55 
10 2 58 -28 
II 2 2 65 -72 
12 5 - 1 7  
15 2 70 72 
14 2 30 57 

16 
17 2 25 26 
18 2 19 -12 
19 2 15 -18 
20 2 '5 3 
21 2 . 15 

-22 `̀  9 -].5 
-21 " ]. 8 ì  ̀
-20 " 26 25 
-19 4" 5 -7 
-18 4 25 -26 
-17 4 ¢ 6 -12 
-16 `̀  51 `̀ 5 
-15 . 50 28 
_I+ . 61 -8~ 
-15 `̀  • 5 --3 
-12 `̀  85 89 
-11 `` 22 -27 
-10 ~, g l  -91 
- g ~'" 5 -6 

- 5 `` 159 -1,54 
- U . ].02 g8 
- 5 4 28 35 
- 2 `̀  154 -155 
-~ ~ ].5 ].~ 

-'7`` 
" l~B -165 
4 56 5`` 

5 " 95 ].08 
"~ 5 ii 

"2 `` 50 58 
8 4 17 17 

+o +'~ -8 
i " *  2 
II . ``5 `̀  
12 .I 6 -ii 
15 " "I " l  

15 `` i - 
16 ` ` "  - g  
17 " " 5 -17 
].8 4" 

20 `` * `̀  -8 

-21 6" 5 5 
-20 6 *' 5 7 
-19 6 *  5 7 
-18 6 `̀ 9 -51 
-].7 6 17 -20 
-16 6 5g 50 
-15 6 ; 6 8 
-I" 6 15 -16 
-15 6 a 6 -12 
-12 6 *  6 -" 

- 9 6 99 -8. _ ~ 6 1  5~ 
109 i01 

6 6 5]. -aO 

-.~ 66 +? _~ 28 -29 
5 6 77 69 

- 2 6 8]. 7`` 

-~o ~ ~-++ -12 
I 6 1].6 ].25 
2 6 ].5 -ii 

6 IIi -109 
4 6 18 -2`` 

6 91 86 
6 6 52 62 
7 6 57 -55 
8 6 ~2 -42 

,+o i: ,o 
ii "2 -5~ 
12 6 - 5  
i~ 6 56 57 
i" 6 i. 15 
].5 66. ~ _].1 
16 -i~ 
17 6" 

-21 8 15 -io 
-20 8 2̀  ̀ 18 
-19 8 14 l̀  ̀
-18 8 46 -52 
-17 8 25 -Ig 
-16 8 "6 35 
-].5 8 36 30 
-i`` 8 15 -12 
-].5 8 52 -24 
-12 8 15 i`` 
-II ~ 60 ~0 

- 7 8 ~u+ 5.5 
- 6 8 15 -io 
- 5 8 58 -55 
- `` 8 ~9  - ~ 3  

52 45 
-25 

-8  

52 -27 
3 8 ì  ̀ - 1 7  
+ ~ 1~ _2o 
5 -io 
6 8 59 6]. 

+' i i  ~o +. -o 
ii 8" 6 

15 8" 
i" 8 12 16 
].5 8* ~ 6 
16 8 15 -20 

-19 i0 i 
-18 i0 * 
-~7 i o  :9 -:5 
-].6 i0 12 -9 
-15 I0 53 55 
-I~. I0 25 23 
-15 I0 65 -~7 
-12 IO 25 -18 
-Ii ]o .65 
-io IO* 
- 9 I0 ``2 -51 
- 8 i0 51 -20 

7 lO 5 .  59 
- 6 ].0 -57 39 
- 5 I0 66 -~ 

" i0 61 -"7 
5 ].0 68 ~8 

- 2 i0 25 29 
i i0 25 -].8 
0 i0 15 -14 
1 10 ~ 6 0 

i0 27 19 
i0 52 -2`` 

. ].0 29 -25 
5 lO .9 35 
6 i0 25 27 
7 ].0 22 -l`` 
8 i0" 5 -7 
9 i0 ~ 5 ]. 

i0 i0" 5 -3 
Ii i0" 5 5 
12 i0" 5 ]. 
15 ].0" 6 8 

-16 12 i0 -6 
-15 12 25 17 
-i. 12" 5 7 

-12 12" -I-9~ 
-II 12" 

- 9 ].2 25 ii 

- 6 12 ~ 26 
5 ~2 ~5 -9 

- " 12 27 -2`` 
5 12 ~ 5 -2 

- 2 12 16 ].7 
I 12 19 16 
0 12 18 -i~ 

12 2̀  ̀ -19 
12 22 i~ 

7 12 a " 
8 ].2 i0 -].2 
9 12 a 2 -15 

: ].. 11 
1`` 15 - 1 2  
].. 25 ~2 

/4- ì  ̀~: 
- 5 ]..a 4 

- I 1 4 *  7 

~ ~4].4. 1 ) - ~  
2 It+" 2 . 

o -:~6 
80 

3 0 Ii0 128 
`̀  0 61 -67 
5 0 9 -14 
6 0 15 -].7 

~00  ~ 65~1 
9 o 107 -i12 

].0 O* 5 7 
11 0 69 67 
12 O* 6 -16 

].3 o 36~ 
1" 0 ~ 
15 0 19 25 
16 O~ 7 4 

17 o 2~-29 
18 O* 
~ o ~ 5,, 

n 

-~o : *  -7 
-19 i* 
-18 1 ~ _17 I ].~ ~ 
-16 18 17 
-1,5 i 51 -52 
-la 1 25 -30 

-ii ].* 5 "-~ 
-i0 1 ii ì  ̀
- 9 i 25 26 
- 8 i 50 55 
- 7 1 ``9 -5O 
- 6 i 53 -7`` 
- 5 1 7 8  8 ~  
- " ]. 76 68 
- 5 I* 7 -6 
- 2 i 55 52 
- i i 12 --16 

0 i* I `` 
I I ii 12 

. 1 25 5]. 
5 ]. 5o -~o 
6 1 18 -24 
7 I 20 -~0 
8 i 50 -50 

ii I a -~ 
12 I" 6 -i0 
13 1 "  6 -15 
I" i *  7 -6 
15 I *  7 0 
16 i" 7 -6 
17 1 ~ 7 ii 
18 1 I. 17 

-19 2 22 -2O 
-18 2 15 15 
-17 2 12 19 
-16 2* 7 8 
-1,5 2" 
-i~ 272 -3 -16 
-15 2 2~ 28 
-12 2* 6 -5 
-ii 

2~ -25 
- 6 2 5o -5o 

; 22 5-5-,5 
1~ -15 

-ol ~ ~ _ ~  
I~ -I0 

5 2* 5 0 
4 2 52 5 2 

61 -65 
7 2 58 55 
8 2 26 52 
9 2 ~ --57 

i0 2 ì  ̀ -16 
ii 2 i" 22 

13 
114 2 '%1 
15 2* 7 15 
16 2 51 59 
17 2 18 -22 
18 2 24 -26 
19 2 " 6 16 

-2O 5" 6 --'3 
-19 5" 6 S 
-18 5 * 12 -].? 5. 77 ~o+ 
-].6 -~ ~" 1~ _].o 
-I`` 5 26 -22 
-].5 5 ~ 6 -7 
-12 5 ].̀  ̀ ].6 
-11 5 5]. 57 
-I0 5 12 21 
- 9 5 ].1 - ] . 7  
-8 5" 5 5 
- 7 5" " -" 
- 6 5 62  -57 

- 5 3 35 -55 
- " 3 62 60 
- 3 5 62 58 
- 2 5 58 - 5 5  
- 1 5 7.~ -72 

0 5 5O 
3 51 55 

i2 5 5]. -34 
5 5 55 -58 
. 5 `̀ 7 50 
5 5" `̀  12 
6 ~ 12 -15 
7 5 25 -55 

3" 5 -3 

lJ b +" + 6 ii 
ii 5 * 6 -6 
12 3 ]." ii 
13 5" 7 -6 
]." 5" 15 -].`` 
15 3 "  6 5 
16 5" 

18 5" 6 5 

4 "  6 -'5 
~5 -]-5 

-17 `` 31 ~4 
-16 ~ 39 

-14 4 5`` - ~ 4  

-12 4" 6 -9 
-11 ~ 5o -51 
-lO ~ 11 12 

- 7 4 3O - '37  
- 6 ~ .57 -51 
- 5 ~ 98 8 6  
- ~ ~ 25  27 
- 4 89 -80 

- 2  
: 57-65 

49 -41 
I : -55 .-5 

22 2#, . 
5 ~ 8~ -88 
6 4 9 -2  
7 4 52 65 
8 4 a 6 14 
9 g 12 -19 

I0 ~ 18 -20 
ii 4 '~ 6 i0 
12 4 57 42 
15 4 16 -1~, 
i~ 4 24 -52 
15 4 15 14 
16 ~ 12 _~8 
17 ~ *  6 

--20 5 16 12 
-19 5 * 6 -i 
-18 

- 1 5  277 - 

-15-~4 55. 1~-~-~+ 
- 1 2  5 28 50 

5 24 22 
-I0 5 2O -17 
-9 5 "  5 9 -~ ~ 1,5-16 
- 6 5 "  ,5 - ,5  
- 5 -5* 5 15 
-" 5 7 

- 2  5* 4 
- I 5 59 56 

0 5 'It 4 -ii 
~ ~ 5o-~  

"5  ~9 
3 5 5~ 55 

5 16 -16 
65 b ~  2o~1 
7 5 12 - l a  
8 ,5 a 6 -I4 
9 5" 6 5 

i0 5 I~ 22 
II 5 ~ 7 I0 
12 5 18 -25 
13 5 ~ 7 -15 
i~ 5" 7 8 
1,5 5 "  6 -5 
16 5 a 6 -2 

-19 6 m 6 -4 
-18 6 15 -I4 
-17 6 19 15 
-16 6 18 15 
-15 6 i. -16 
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crystalline assembly through the van der Waals contact difference in all cases being less than 2 °. On the other 
between the sulphur atoms and between the methyl hand, the bond angles S(2')-Zn-S(I), S(2')-Zn-S(3) 
ends in ethyl groups, and S(2')-Zn-S(4G) deviate much more from the tetra- 

The bond distances between zinc and sulphur atoms, hedral angle as seen in Table 3. These deviations are 
Zn-S(1), Zn-S(2'), Zn-S(3)and Zn-S(4G), arethe same due to the deviation of S(2') from the apex of the 
according to Cruickshank's criterion for significance regular tetrahedron formed by the four sulphur atoms 
levels (e.g. Lipson & Cochran, 1953). Their mean value, around the zinc atom. S(2') is displaced towards S(4G), 
2.358 A, is equal to the sum of the tetrahedral covalent making the bond angle S(2')-Zn-S(4G) 102.6 °. In order 
radii of zinc and sulphur atoms, 2.35 A (e.g. Pauling, to ascertain whether this deviation of S(2') atom is real 
1960). or is due to the misplacement of S(2') at the start of 

Of the six bond angles about the zinc atom, S(1)- the least-squares refinement, the process was again ap- 
Zn-S(3), S(3)-Zn-S(4G) and S(4G)-Zn-S(1) are equal plied, starting with S(2') at the corner of a regular 
or almost equal to the tetrahedral angle of 109"5 °, the tetrahedron defined as above. After four cycles of re- 

Table 2 (cont.) 
H L FO FC H L FO FC H L FO FC H L FO FC H L FO FC H L FO FC 

-I# 6 14 -I# 

-1~-" 66. ~ -282 
- n  6 55 28 
-i~ 6 22 -2, 
- 6 12 12 
- 8 6 7 1  59 
- 7 6 31 -32 

-~ 6 23 ,8-38 26 

- ~. 6 14 15 
- ,  6 "  5 4 
- 2 6 46 -59 
- 1 6 II -i0 

0 6 80 62 
6 ~ 5 -15 l 

2 6 95 -89 
, 6 13 25 
4 6 75 6622 
5 6 16 
6 6 '~ %' 

I0 6 ~6 -61 
Ii 6 14 -4 

i )  
14 -,6 2 
~5 ~ , ~  - 

-20 7 "  5 4 
-19 7 II 9 
-18 7 * 6 , 
- 1 7  7 15 - 1 2  
-16 7 1 7 -2 
-15 7 5 7 1 
-14 7 16 -18 
-15 7 14 -I0 
-12 7 ~i 27 
-ii 7 54 58 
-I0 7 ~ 6 0 
-- 9 7 , 0  -28 
- 8 7 18 -17 
- 7 7 12 II 
- 6 7 *  6 -i 
-- 5 7 Ii -8 
- 4 7 46 aO 
- 3 7 # ,  *,1 
- 2 7 12 -ii 
- i 7 #I -~I 

0 7 at 6 -14 
1 7 *  6 5 
2 7at 6 9 
3 7 14 15 
4 7at 6 I 

5 7* 6 0 
6 7 15 -18 
7 7 22 -23 
8 7" 7 5 
9 7" 7 2 
lO 7. 77 [! 
ii 7" 
12 7 "  7 - 1, 7, -~ 
I~ 7at 6 

15 7" 5 3 

-1~ ~, ~ - 1 ~  
-18 
-17 8 22 21 
-16 8at 6 8 
-15 8 14 -15 
-14 " 88,, 12 -14" 

-12 8 
-11 Bat _1o ~. 76 -85 
-- 9 8 50 37 
-8 8" 6 5 
- ? 8 5# - # 3  
- 6 8 15 -17 
- 5 8 ii i0 
- 4 8 ii i0 
- , 8 ].1 8 
- 2 8 ~6 -3 7 
- 1 8 ~ 6 i, 

0 8 57 ~6 
i 8 51 -3# 
2 8 15 -18 
3 Bat 6 13 
4 8 ~ 6 15 
5 8 15 18 

6 8" 7 -15 
88 ~4-2. 

2# 25 

12 8 *  6 ii 
13 8*  6 I# 
I# 8 *  
15 ~ 1 7 - 1 °  

-17 9" 6 -3 
-16 9 m 6 -6 
-15 9 "  6 -i 
--i# 9 *  6 -5 
-13 9 *  7 8 
-12 9" 7 12 
-ii 9" 7 5 
-I0 9 2o 13 
- 9 9 15 -16 
- 8 9 47 -36 

5 11 
- 4 g* 6 7 
- , 9 ~ 6 -7 
-2 9 ~ ~. 66 _1o ~ 

o 

2 9 31 34" 
5 9" 4 

9 "  7 -i 
~ ~ 11 -8 

ii -7 
7 9" 7 , 
8 9 t 6 -8 

9* 

11 9* 5 0 
12 9 • 5 -6 

-17 i0" 5 0 
-16 I0 12 1 1 
-15 10" 6 7 
-1~ I0 18 -2 3 
-i, i0 12 -11 
-12 I0 37 30 
-ii I0 $ 7 5 
-i0 i0 30 -21 
- 9 i0" 7 2 

- 8 i0 $ 7 9 
- 7 ]0" 7 1 
- 6 i0 ~3 -37 

5 io 19 -13 
I0 20 55 

- , IC 18 14 
- 2 i0 ~7 -58 

1 I0" 7 -5 
oio 3# ,~ 

10 it~ 
i0 2# -28 
I0 27 -23 

4 I0 27 31 
i0 27 26 
I0 30 -36 
lO 12 -15 

8 i0 18 21 
q i0" 6 6 

I0 i0" 5 -I0 
ii i0 ~ 5 -ii 
12 I0 Ii 7 

-17 11 16 -i0 
-16 iI x ~ - 2 
-15 ii* 5 0 
-lq Ii* 5 -i 
-13 iI ~ G -2 
-12 II $ 6 
-11 ii 15 ii 
-IC !i* c -~ 
- 9 ii 2, -l~ 
- 8 ii ¢ 7 -8 
- 7 ii ~ 7 3 
- 6 ii ~ 7 6 
- 5 11 14" 12 

# ii 12 i0 
- 3 ii" 7 -~ 
- 2 ii* 7 -9 

- 01 ii"ii. 7 -i0 

i ii* 6 4" 
2 Ii $ 6 7 

, 1 1  126 1~ 
4 l I  ~, 
5 ii* 6 -I0 

ii ~ 
11. ~-1 i 

8 II ~ 5 
9 iI ~ 5 ' 

i0 ii 8 1 

-i# 12 19 -16 
-15 12" 5 4" 
-12 12 ~ 5 7 
-11 12. 5 1 
-I0 12- 6 0 
- 9 12. 6 -7 
- 8 12 ~ 6 0 
- 7 12 14" 9 
- 6 12 I# -12 
- 5 12 12 -8 
- ~ 12 28 25 
- , 12 ii 12 

12 16 - 
0 12 12 
i 12 16 18 
2 12 ~ 6 -4 
3 12 22 -24 
4" 12 ~ 5 7 

12~ -15 1 2 "  
12 ~ - 

-14" 13 i~ 
-15 13" 55 
-12 13" # -4" 
-ii 13" 4 4 

- 13 
- 8 13~ 5 -6 
- 7 13 * 5 -3 

6 I~ 15 12 
- 5 13 15 13 
_ a 15  14 -7 
- 3 I ~*~ 5 -5 
- 2 13 II I 
- 1 13 11 - 9 

° i ; :  ~ -~ 
- 9 i~ 14" -15 
- 8 i~ 16 13 
- 7 i~ 8 8 
- 6 i~ 18 -I~ 

q i #~ # -3 

- 3 14"* 4 9 
- 2 I~ * -5 

14" I~ -19 

k'2 
~. 0 107 -125 

O 21 27 
0 115 

~I -95 
5 0 27 -25 
6 O 82 82 
7 0 55 55 
8 o 3# -,3 
9 0 ~3 -~3 

i0 0 ~5 47 
! I G" 5 9 
12 0 55 -35 
13 o 20 -20 
14" 0 15 20 
15 0 27 24 
16 0 15 -ii 
17 0 2O -25 
18 0 *  5 2 
19 0 Ii 12 
20 0 ~ 4" -5 

-21 I* ~ 9 
-20 ] * '~ I 

- 18  -5 
- 17  I ,  1 .  1~ 
-15-16 1 2~ -?8 
-i# i 25 24 

-I, i i 31 32 
-12 _~1 ~. ~ ~ 
-1~ I- ". -2~-~ 
- 7 1 
- 6 I 55 65 
-5 1 2,  26 

6 ,  -69 
- ~ 1"  2 i 
- 2 1 7 - - 1  1 ~ #9 ~ 

0 i ¢ i -4" 
~ 1 ~  58 

1 58 
, 1 36 4"5 
4 I 6# -70 
5 1 38 
6 1 52 46 
7 i 31 -38 

38 4"1 
I0 I 19 2# 
ii 1 ~ 5 2 
12 i Ii -i 
13 1 20 -25 
14" I* 5 3 
15 ! 13 i~ 
16 * 

18 i* 

-22 2 Ii 13 
-21 2* 4" -6 
-20 2 17 -16 
-19 2 ~ 5 ii 
-18 ~* " 

-16 2 12 -12 
-15 2 19 21 
-14" 2 36 56 
-13 2 ~ 5 -2 
_i. ~ 5~-5~ 
-II * 
-1o 2 71 73 
- 9  2 8 ~ii 

16 2 i  
- 6 2 52 5O 
- 5 2 2~ 25 
- a 2 120 -119 
- 3 2 56 -56 -f  22 ~ 1Ol 

56 
2 71 -78 
2 17 -19 

2 2 2O 25 
2 50 4"9 
2 3# -3# 

5 2 95 -109 
6 2 50 64 
7 2 51 71 
S 2 32 

:o i 2; 
n lg ,o ~ 
12 2* 
I 3 2 25 -30 
14" 2* 6 7 

16 5 
17 2 17 -22 

-1"9 ,3' 
-18 3 9 -17 
-17 3 ~ 6 2 
-16 ,~ 6 8 
-15 3 * 6 6 
-i~ 3 "  5 -5 

-~-13 Y 2~ ;~ 
-11 3* 5 2 
- l o  , ~6 -5~ 
- 9 3 26 -22  
- 8 3 38 ~ )  

- 7 3 17 17 
6 3 8 -~ 
5 , 13 15 

- 4 5 12 -11  

0 , 65 65 
3 6 -i0 
, 19 21 

3 , 38 34 
4 , 31 -28 
5 , 58 -59 
6 , 24 -24 
7 3 20 28 
8 , 2# 39 
9 3 "  5 -7 

io , i, -19 
ii 3 ,0 41 
12 5. 5 -, 
13 , z#o -4"5 
14 , l it  6 0 
15 , 12 18 
!6 ," 5 15 

-21 4 m 
-20 4" ii -12 
-19 4"" 5 -2 
-18 # * 5 ii 
-17 4 s 6 / 
-16 # 19 -24 
-15 #-~ 
-i# 4 6 
-13 #~ 5 -2 
-12 4 59 -57 
-II a 12 -18 
-I0 ~ 40 38 
- 9 4 28 29 
- 8 ~, 58 -50 
- 7 4" ~6 -~7 

- 4" 4" 98 - 9 5  
- 3 ~, 55  -4"9 
- 2 # 59  6O 
- i 4 78 78 

0 # 2] -18 

~* 4. 5 
3 4 51 #9 
4 4" 24" -28 
5 # #9 -51 
6 # 23 23 

4" 4"9 
# *  ~ 5 

9 4 26 -31 
i0 4" 12 -15 
i I 4" 26 27 
12 4* 6 5 

14" ~ 
15 #at 5 20 

-21 5 12 11 
-20 5 • 4" 4" 
-19 5 9 -7 
- 18  5 * 5 9 
-17 5* ' -6 
-16 12 _15 i 
-I~ 12 
-13 5* 5 -6 
-12 5 "  5 2 
_11 5 1~_~ 
-IU 5 *  
- 9 5 *  5 12 
- 8 5 53 -~3 

71 62 
g 5 37 - 3 6  

5 25 -25 
- 3 5 12 - 1 5  
-2 5 *  4" 5 
- i 55 19 17 

0 -6 

5 i "  -17 
5 ~2 -~ 

5 5" 4" i 
6 5 I# -15 
7 5 Ii 14" 
8 5 26 51 

19o 5* 5 
5" 5 

II 5 I, -14 

i, "ii 5 
I~ 5 ~ 5 

-20 6 12 -12 
-19 6 i, -12 
-18 6 12 I, 
-17 6 13 ii 
-16 6 13 -20 
-15 6 ii -7 
-i~ 6 28 ,0 
-I, 6 • 6 4 
-12 6 43 -54 
-II 6 ~9 -42 
-I0 6" 5 7 
- 9 6 79 64 
- 8 6 12 -I~ 
- 7 6 6~ -5~ 
- 6 ,8 

5 66 ,5 
- 49 63 
- 4 6 27 -25 

i 6 71 67 
0 6 ,4 ,6 
2 6 85 -83  
, 66 g~-g~ 

~ - 1 2  

6 15 25 
9 6 19 -,0 

io 6 19 -26 
ii 6 21 24 
12 6 i . ~ ~ _~ 
14 6* 5 1 

-20 7 12 IO 
-19 7 8 6 
-18 7 9 -9 
-17 7 14 -13 
-16 7 1 5 9 
-15 7" 6 
-14 7 9 - 1 ,  
-13 7 I~ 15 
-12 7 & 5 8 
-II 7 ii -ii 
-iO 7 *  5 -~ 
- 9 7 ~ 5 106 
- 8 7 15 
- 7 7 *  5 4 
- 6 7 12 -12 
- 5 7 12 12 
- ~ 7 12 12 

7 65 -55 
- 2 7 25 -2O 
- 1 7 68 55 

0 7 12 i0 
21 77. 1~ -15 

5 - 9  
, 7 "  5 5 

7 ii 14 
5 7 18 -27 
6 7 19 -22 
7 7 26 57 
8 7 21 27 
9 7 I, -16 

i0 7* 6 -9 
ii 7 • 5 -2 
12 7" 5 -, 
15 7 *  5 -i 

-20 8 14 -i, 
-19 8 25 -18 
-18 8 14 12 
-17 6 I~ 11 
- 1 6  _:~ 
-15 8¢ -I~ 
-i~ 8 t 65 
-13 8 25 25 
-12 8 17 -15 
-11 8 52 -41 
-i0 8 25 21 
- 9 8 72 51 
-8 8 "  5 0 
- 7 8 25 -i o 
- 8 1 ~, ~ ~_1o~ 

4 15 16 
-5 8 58 - 4 9  



924 T H E  C R Y S T A L  S T R U C T U R E  O F  Z I N C  ETMYLXANTIqATE 

finement, however, the xyz  parameter of S(2') con- bonding cited in Landolt-B6rnstein is 1.63./L i.e. 3.26 
verged again to the value corresponding to the distorted A in interatomic distance (Landolt-B6rnstein, 1955). 
tetrahedron as above. Of the bond angles of four sulphur atoms connecting 

The distances S(2')-S(4G) and S(1)-S(4), 3.67 and a zinc atom and a xanthate group, the bond angles at 
3.65 A, between sulphur atoms belonging to different Zn-S(3)-C(4), Zn-S(4)-C(4) and Zn-S(1)-C(I) are the 
xanthate groups shown in Fig.2 and Table 3, are almost same within the error limit, the mean value being 
the same as the distance of the van der Waals contact of 105.2 °. The bond angle at Zn-S(2)-C(1), however, is 
sphericalsulphuratoms,3.6-3.7A. However,S(2)-S(4G), 114.8°+ 1.0 °. It seems that the large allowance for the 
3.38 + 0.01 A, is a little shorter than the above value, variation in the bond angles of sulphur atoms has 
and this may be a result of the distortion of the spheri- resulted in the comparatively simple monoclinic struc- 
cal shape of sulphur atoms, due to their bondings with ture of the crystal with the b axis as short as 5.70 A. 
carbon and zinc atoms which permit a closer approach The bond angle Zn-S-C in dichlorobisthioureazinc, 
of S(2) and S(4G) (e.g. Pauling, 1960). The smallest 108.6°+ 0.7 °, is comparable to the above values (Kun- 
effective radius for a sulphur atom in the van der Waals chur & Truter, 1958). 

Table 2 (cont.) 

H L FO PC H L FO FC H L FO PC H L FO FC H L FO PC H L ¥O FC 

- 2 8" 5 -ii 
- i 8 51 ~5 

0 8" . 5 5 
] 8 ~9 -57 

6 

12 18 ~ ~ ~ _~ 
l i  -1'~" 

ii 8* ~ . ~  ~ 

-i8 
-17 14 -1_~ 
- ] 6  99 

-I# 9 2o 
-I~ 9" 
-12 9 21 ~ -i 7 
-ii 9 m 6 i 
-I0 9 17 1 1 
- 9 9 19 -16 
- 8 9" 6 -i 
- 7 9" . 6  9 
- 6 9" 6 -5 
-5 9" 5 5 
- ~ 9 15 -I5 
- 3 9" 5 -7 
- 2 g 12 ll 
- i 9 13 -9 

0 9 13 15 
9 52 25 

2 9 2 ~, -25 
9 22 -15 
9 15 14 

5 9" 6 0 
6 9* 6 - 5 

9" 5 -2 
9 8 6 

i 90 9" 5 18 
9" 5 -12 

iI g 21 -25 

-17 i0 18 13 
-16 10 II 6 
-15 I0 Ii -12 
-I# I0* 5 -5 
-i5 i0 25 22 
-12 i0" 5 i 
-Ii I0 47 -~0 
-I0 i0 ¢ 5 -~ 
- 9 i0 ~7 50 

8 I0 19 14 
- 7 i0 58 -25 

6 lO *~3 -28 
5 lO 12 i0 

i0 25 19 
- 5 i0 33 -26 

I0 19 -13 
i I0 51 26 
0 i0 12 15 
I I0 i# -10 

lO Ii 
# i0 26 25 
5 lO" 5 -5 
6 i0* 5 -l# 
7 I0" 5 15 

-14 II ~' 
_~ ]~ ~ ~ 
-12 ll* 
-ii II II -8 
-i0 II 24 -16 -~ ~ ~ I 

iI 2~ l 
- 7 ii 21 -i~ 
- 6 II 12 -5 
- 5 ii 2# 15 
- ~ ii s 5 4 

II*' 5 - 
- i ]l" 5 9 

0 II ii 15 
1 II ~ 5 -5 
2 ii 12 -i~ 

5 iI g 5 3 
# ii ~ 5 -i 
5 ii* 5 -5 

-15 12 12 -ll 

-I5 12 i 
-12 12" ~ -i 
-ii 12" # -8 
-~ ~ .  ~: -~ 

12 ll -lO 

12 17 
- ~ 12 17 i~ 

12 *~ 5 

! 12 l I 
1 12 ~ 
2 12 18 -20 

12 w 

-I0 15 12 -9 

- 8  ~ ~5.-- ~ -~ 
- 7 15 7 6 
- 6 13 *~ ~ 5 
- 5 ~3 15 -]0 
- # 15" # 0 
- 3 15 20 15 
- 2 i~ 12 -II 
- i 15 14 -i0 

o 15 12 iI 

~ o ~ ~o 
-19 

5 o 50 -55 
o~ ~ l 

~ Oo 5~ 5o 
23 21 

7 o 45 -~9 
8 0 4~ -37 
9 0 9 12 

lO 0 20 2~ 
Ii o 8 - -lO 
12 O* 5 -5 
13 0 28 30 
i~ O 7 I0 
15 0 23 -25 ]~ o ~, _~ 
z7 
18 0 15 19 

-~ I. -o ~ 
-19 i* # 7 

-17 I0 -i 
-16 1 12 -21 
-15 I IO 15 
-l~ 1 lO 15 
-15 1 29 -52 
-12 1 * 4 -8 
-ll l 57 #l 
-lO 1 21 2] 
- 9 1 27 -26 
- 8 I 58 -~2 

58 73 
5 1 21 -27 

- ~ 1 59 -~5 
1 #q 56 
1 ]7  2O 

- l 1 lG -25 
0 I 25 -25 
1 I 23 -35 
2 l 58 #9 
5 ]- 29 ~o 

I 50 -~2 
• 5 .  l 8 ii 

16 -22 
8 i* # # 

24 -29 
11 I 24 53 

12 l i'~ 2 

i# l ~ -2 
15 l" 5 -7 
16 1 ~ 

19 i" 

_~-~ 22. ~-~o 
-19 2 ~ 4 ii 

-17 -14 
-16 2 i# 15 
-15 2 24 5~ 
-14 2" 5 
-1~ 2 ~ -46 
-12 2 28 -23 
-~] 2 5o 35 
-I0 2 lO 8 

19 26 

- 5 2 7# 76 
- 2 2 ~5 51 
- ] 2 -59 ° ~ #~ _ o 

1 17 23 
2 6 -5 

5 2 ~4 -~8 
4 2 7 -12 
5 2 57 62 
6 2 52 45 

22 -31 

15 2 1~ 12 
I~ 2 8 12 
15 2 ] 7 -22 
16 2 15 -20 

9 17 2 ~ "  7 15 18 

-21 5* 3 i 
-2o 5 ~ 5 0 
-19 5" # -5 
-18 5 12 12 
-17 5 "  # -~ 
-16 5 12 -14 
-15 ~ 12 12 

-13 
-12 3 * 

-iO 5 25 27 
- 9 3 15 26 
- ~- ~ 71 -64 
- 7 5 12 -17 
- 6 5 51 
- 5 5 28 22 
- # 5 26 -19 
- x 5 72 -69 

- l 3 56 59 
o 3 55 -5~ 

~9 52 
5 ~6 ~2 

5 ~ 10 -2O 
7 3 29 43 
8 5" 4 -7 

5 42 -46 
lO ~ 25 2# 
ll 5 22 25 
12 5 8 -6 
13 ~* 5 i 
14 5 " 5 -i 
15 3 " 4 -2 
16 3 "  4 6 
17 5" 4 - 

-21 4 9 -lO 

-20 #'~ -~ 
-19 #* 
-18 #* a 1 
-17 # * 4 -8 

! -15 4 2 2 
-14 #* 
-15 4 43 -34 
-12 # i# -17 
-ii # IO i# 
-i 0 # 21 26 

• # -i 

-2 
- 5 # 56 -53 

4 50 -40 
3 4 30 26 

u 4 ] # #~ - ,g 
2 4 50 52 

~ ~5 -~7 
# 20 -26 

5 # 50 35 
6 # 57 41 
7 # 8 -lO 
8 4 #5 -5 ~ 
9 ~ 7 -5 

iO 4 28 35 
ii ~,* 5 
12 :~, 19 -21 

14 ~ 15 19 
15 # 4 -7 
16 4 12 -19 

- 2 t  5 7 -6 
-20 5 12 -15 
-19 5 16 l ~, 
-18 5 16 17 
-17 5 13 -15 
-io 5 9 -i0 
-ID 5 7 7 
-14 5 12 3 
-15 5 " 5 8 
-12 5 2~ -25 
-ll 5 8 -9 
-IO 5 27 26 
- 9 5 12 -17 
- 8 5 41 -33 
-7 5" 4 4 
- 6 5 lO ll 
- 5 5 ~o n 

- }3  
2 5 g -10  

~ 5, _~ 
} 5" # 9 
4 5 2g 55 5 ~ ~ - ~ 3  
6 -38 
7 5 4 ii 
8 ~ 9 22 
9 5 " 5 -7 

lO 5 * 5 -7 
ii 5 ~ 5 O 
12 5 g 17 
15 5" 4 3 

-20 6 12 -iC 
-i 9 6 6 9 
-18 6 14 12 
-17 6 6 -9 
-16 6 ¢ 4 -2 
-i5 6 2~ 23 
-14 6" 5 6 
-13 6 58 -~I 
-12 6 26 -2~ 
-ii 6, 26 23 
-IO 6 38 3o 
- 9 6" 5 -i 
- 8 6 26 -25 

6 lu 
- 5 6 67 -5 ~ 

- # z5 -~=7 
3 ~ 43 

- 2 6 58  #7  
- 1 6 7 6 

41 -~6 o~ ~ 
2 6 17 

5 6 19 22 

8 6 16 -28 

?o ~ l g - ~  
Ii i} 12 6 12 

14 6" ~ 7 

-19 
-18 7" 5 5 
-17 7 ]3 II 
-16 7 13 -9 
-~5 7 3Z -~'7 
-i# 7 17 13 
- ]  3 ? 25 28 
- ] 2  7 27 -22 
-ii 7 26 -19 
-I0 7 21 15 
- 9 7 21 15 
- 8 7" 5 I0 
- 7 7 #2 -32 
-6 7" # 3 
- 5 7 88 67 
- # 7 12 -i# 

3 7 51 -43 
- 2 7 15 16 
- 1 7" ~ i0 

7" 4 

i# 

-28  
6 7" 5 3 
7 7 7 6 
8 7 i0 -ll 
9 7" 5 lO 

IO 7 "  ~ # 
ii 7*  ~, -7 
12 7 "  # 2 

-18 8 15 l~ 

-16  
-15 ~" a 1 
-l# 8 ~ 4 79 
-13 8* 

_~-~ 88. ~ -~ 
-~o 8 ~6 ~7 
-9 8" 5 # 

- 6 8 12 ll 
-5 8" 5 0 
- # 8 50 --@8 

io 

- I 8 8 8 
o ~ ~ 

-22  
2 8 16 15 
3 8 lZ~ ii 
4 8 i0 -15 
5 8* 5 -2 

• -12' 
i0 8 12 20 
ii 8 12 l# 

-17 9 12 7 
-I~ 9* 5 --~ 
-15 9 19 -IO 
-i# 9 * # # 
-15 q* ~ 6 
-12 g~ # 8 
-!I 91' ~ -I 

-i0 9 16 -15 
- 9 9 1~ 10 
- 8 9 2O 17 
- ? 9 16 -13 

9 I0 
- 9 j 
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s(2'; 
C(1') 

c(46) 

S(4G 

103 

~.= 

~ 22" c(1) 

(3) 1 '70 

c(2) 

C(4) 

S(4) 

- ~ -  Zn(G) 

116'  

O(2) 

6" 

c(6) 

o(1 ) ~O c(3) 
Zn" 

Fig. 2. Atom distances and bond angles in zinc ethylxanthate crystal. 

T a b l e  3. A tom distances, bond angles and their standard deviations 

Atom distances Bond angles 

Zn - - -S ( t )  
Zn -- -S(2 ' )  
Zn ---S(3)  
Zn -~S(4G)  

Zn -- -S(2)  
Zn - - -S(4)  

s (1 ) - - s (3 )  
S(3)--S(4G) 
S(4G)-S(I) 
S(2")--S(4G) 
S(2')--S(1) 
S(2")--S(3) 

S(2)--S(3) 
S(2)--S(4G) 
S(I ) - -S(4)  

S(1)~S(2)  
S( I ) - -C(1)  
S(2)--C(1)  
C(1)--O(1) 
O(I)--C(2)  
C(2)--C(3) 

S(3) --S(4) 
S(3)--C(4) 
S(4) --C(4) 
C(4)--O(2) 
O(2)--C(5) 
C(5)--C(6) 

C(3)--C(3.S) 
C(6)--C(6.1) 
C(6)--C(6. I') 

2.362 _ 0.009 A 
2.337+0.010 
2-364_.+0.012 
2.369 _+ 0.008 

3.420 + 0.011 
3.508 -+ 0.009 

3.840 + 0.0 l 1 
3.820+0.011 
3.883+0.012 
3.673 + 0.012 
3.968+0.013 
3.899 + 0.011 

3.952 + 0.011 
3.381 +0.013 
3"647+0.011 

2.975+0-012 
1.61 +0.03 
1-70 + 0.03 
1.42 -+ 0.03 
1.51 -+0.03 
1-54 __+0.05 

2-983+0.012 
1.70 + 0.03 
1.69 +0.03 
1.33 + 0.03 
1 "50 ___ 0.04 
1.50 + 0.06 

3.68 + 0.06 
3.69 + 0-07 
4.17 +0-08 

s(1)  - Z n  - -S (3 )  
S(l) -Zn  --S(4G) 
S(I ) -Zn  --S(2')  
S(3) -Zn  --S(4G) 
S(3) -Zn  --S(2')  
S(2')-Zn --S(4G) 

Zn --S(l ) -C(1) 
C(I)-S(2) -Zn" 
S(1) -C(1)-S(2) 
S(1) -C( I ) -O( I )  
S(2) -C(1)-O(1) 
C(I)-0(1)-C(2) 
0(I)-C(2)-C(3) 

Zn - -S (3 )  -C(4)  
C(4)-S(4) -Zn(G) 
S(3) -C(4)-S(4) 
S(3) -C(4)-O(2) 
S(4) -C(4)--O(2)  
C(4)-0(2)-C(5) 
0(2)-C(5)-C(6) 

108.7+0.3 ° 
110"3+0-3 
115-2+0.3 
107"6+0"3 
112"1+0"3 
102"6_+0-3 

104"9 + 1.0 
114"8 + 1-0 
127.7 + 1.8 
121-9+2"0 
110"3+1.9 
112.7+2.0 
102"0+3"2 

105.5 + l '0 
105.1 + 1"2 
123"4+ 1.6 
120-7 + 2-3 
116-0_+2.0 
121"0+2.4 
106"4+3"9 

AC21 -6 
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Recently the crystal and molecular structure of zinc 
diethyldithiocarbamate, [(C2Hs)2NCS2]zZn, has been 
determined (Bonamico, Mazzone, Vaciago & Zambo- 
nelli, 1965). The crystal is composed of the dimeric 
complex consisting of the monomer of the above for- 
mula unit in such a way that each zinc atom is five- 
coordinated with Zn-S distances 2"355, 2"331, 2-383, 
2"443 and 2.815 A. Of these, the four shorter bonds are 
directed to the corners of a considerably distorted tetra- 
hedron. The structure surrounding a zinc atom found 
for zinc ethylxanthate by the present analysis is much 
simpler; in it each zinc atom is tetrahedrally coordina- 
ted to four sulphur atoms at distances 2.34, 2.36, 2.36 
and 2.37 A, all +0-01 A, and the bonds are directed 
to the corners of a slightly distorted tetrahedron. Such 
a difference in the configuration of sulphur atoms 
around a zinc atom between zinc diethyldithiocarba- 
mate and zinc ethylxanthate is supposed to be due to 
the steric hindrance of the large (C2Hs)zN atom groups 
which occurs in the former when a continuous network 

1 
of tetrahedrally bonded zinc atoms and - S - C - S -  atom 
groups, as in the latter, is formed. The bond angle 
Zn-S-C ranges from 78 ° to 94 ° in the case of zinc 
diethyldithiocarbamate. 

The sulphur-carbon bond lengths were found to be 
1.61, 1.69, 1-70 and 1.70 A, all +0.03 A. The latter 
three agree with the sulphur-carbon distance already 
reported (Bonamico et al., 1965; other references are 
quoted therein). The first, corresponding to S(1)-C(1), 
is shorter than the other three by 0.08-0.09 A, although 
this difference is not definitely significant by Cruick- 
shank's criterion (e.g. Lipson & Cochran, 1953). 

Each xanthate group takes almost a planar configur- 
ation as shown in Fig.4. The deviation of C(2) and 
C(3) atoms and that of C(6) atom from each plane 
defined by two sulphur and one oxygen atom may be 
explained by the rotation of the ethyl group around 
the O-C single bond as shown in Fig.4. However, this 
interpretation should not be taken as final because of 
the inaccuracy in the atomic positions of carbon atoms 
due to the presence of zinc atoms in the structure. The 
situation is seen in the electron density contours in 
Fig. 1 and also in the large B values for C(3), C(5) and 
C(6) in Table 1. For the same reason the atomic 
distances between methyl ends of the ethyl groups, 
C(3)-C(3-S), C(6)-C(6.1) and C(6)-C(6.1') in Table 3, 
are to be taken as being substantially in conformity 
with the distance of van der Waals contact, 4.0 A. 

The result that zinc atoms are bonded with the 
sulphur atoms of the xanthate groups by tetrahedral 
covalent bonds forming a two-dimensional network of 
atoms is of particular interest in interpreting the action 
of xanthate on zincblende surfaces. Such a bonding 
property will hinder the adsorption of each isolated 
xanthic cation, or zinc xanthate molecule or molecular 
ion to the atom sites of the zincblende surface, and, 
accordingly, will be inactive in developing the hydro- 
phobic property on it. When the concentration of zinc 

anions in the solution is increased, zinc xanthate crys- 
tallites will be precipitated. However, the side planes 
of the thin platelike crystallites are bounded by the 
methyl ends of the alkyl groups, and they will lack the 
ability for strong adhesion to the mineral surfaces. 
Xanthates are, therefore, concluded to be inactive in 
endowing zincblende surfaces with the hydrophobic 
property, in contrast with the case of the galena- 
xanthate system (Hagihara, Sakurai & Ikeda, 1964), 
as is experienced in flotation practice. 

The present analysis was initiated at Kobayasi 
Institute of Physical Research, Kobubunzi, Tokyo. 

Fig.3. Configuration of atoms in zinc ethylxanthate crystal, 
within the sectional layer, 0< x <0.5, viewed along the 
x-axis. 

sO) 
c{2) 

$12(~ c121 c(3i 
o.ooA o.19A O'17A 

S(1~S(2)--C(1) E)(1) lip ~ll 

0(2) 

o.o8A 

$13)$14) C(4) 0(2) gO2A 0"22A 
C(5) C(6) 

Fig.4. Nearly planar configuration of atoms in the ethy]- 
xanthate groups in zinc ethylxanthate crystal. 
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The Crystal and Molecular Structure of 1,5-Dihydroxyanthraquinone 
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Crystals of 1,5-dihydroxyanthraquinone are monoclinic with two molecules in a unit cell of dimensions 
a= 15.755, b=5"308, c=6-003 A, B=93°37 ', space group P21/a. The structure was solved by Fourier 
methods and refined in three dimensions with anisotropic thermal parameters, using differential syn- 
theses. The final R value was 13.3 % and the mean coordinate standard deviation 0.004/~. The molecule 
forms a strong asymmetric intramolecular hydrogen bond. Electron delocalization across the quinonoid 
ring, as gauged by the structural parameters, appears minimal. The molecular packing is tight. 

The hydroxyanthraquinones offer an interesting prob- 
lem in hydrogen bonding, in that when substituted in 
the e position they can form intramolecular bonds, but 
in the fl position intermolecular bonds only. The melt- 
ing points of the former compounds are characeristic- 
ally lower (Table 1), although 1,5-dihydroxyanthra- 
quinone is an exception. Various spectroscopic investi- 
gations have been reported (Peters & Sumner, 1953; 
Hadzi & Sheppard, 1954; Bloom, Briggs & Cleverley, 
1959). The spectra of the or-substituted compounds con- 
firm the formation of an intramolecular bond, and are 
interpreted in terms of contributing structures, such as 
(I), (II), and (III). 

(H) (H) (H) 

0 0 0 0 0 0 
• i' 

\ \ 

, \ ',. 

(I) (IX) (m) 

* Present address: Chemistry Department, University of 
Alberta, Edmonton, Alberta, Canada. 

t Correspondence regarding this article should be addressed 
t o  C.L.N., University of Auckland. 

The spectra are consistent with a strong hydrogen 
bond, but the proton is thought to be asymmetrically 
placed between the two oxygen atoms and firmly at- 
tached to only one of them. The possibility of occa- 
sional proton tunnelling between two potential minima 
in the bond could not, however, be excluded. 

Table 1. Melting points of  some 
anthraquinone derivatives 

Derivative m.p. 

1-Hydroxy 190°C 
2-Hydroxy 302 

1,8-Dihydroxy 191 
1,4-Dihydroxy 194 
1,5-Dihydroxy 280 
1,2-Dihydroxy 290 
2,6-Dihydroxy > 330 

The present three-dimensional crystallographic study 
of 1,5-dihydroxythraquinone was undertaken to pro- 
vide information on the over-all structure of the 
molecule, to attempt to describe further the extent 
and influence of hydrogen bonding upon the structure, 
and to explain the abnormal melting point of these 
crystals. 

A C 21 - 6* 


