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The Crystal Structures of KICI2 and KIC12.HzO 
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The crystal structures of potassium dichloroiodide and potassium dichloroiodide monohydrate have 
been determined by X-ray diffraction. Both structures were refined from three-dimentional diffractom- 
eter data by least-squares methods to give R= 5.7 % and R= 6.0 % respectively. KICI2 crystallizes in 
space group P2t/c with a=8.507(5), b=10.907(5), c=12.126(5) A, and fl=107.82(4)°; Z=8.  
KICI2. H20 crystallizes in space group P21/m with a = 8.022 (5), b = 9.611 (5), c= 4"354 (3) A, and fl= 
97-03 (4)°; Z=  2. In the anhydrous compound the two independent dichloroiodide ions are nearly linear 
and symmetric with average I-CI bond lengths of 2.55 ,~. In the hydrate the dichloroiodide ion is linear and 
symmetric by virtue of lying across a center of symmetry and has an I-C1 bond length of 2.55 *. Each 
water molecule is weakly hydrogen-bonded to two chlorine atoms, each 3"39 ,~ from the oxygen atom. 

Introduction 

Trihalide ions are sometimes linked in the crystal by 
weak multicenter bonds, as in Csl2Br (Carpenter, 
1966). It is of interest to examine the relative roles of 
multicenter bonding and hydrogen bonding in crystals 
where both are possible. The structures of only two 
hydrated polyhalide compounds have been reported, 
that of KICI4. HzO (Elema, de Boer, & Vos, 1963) and 
that of HICIa.4H20 (Bateman & Bateman, 1972). 
Both exhibit weak hydrogen bonding (O-H.  • • CI) and 
possible indications of bonding between chlorine 
atoms. A more direct comparison of multicenter bonds 
and hydrogen bonds should be afforded by the struc- 
tures of the hydrated and anhydrous versions of the 
same compound. For this reason we chose to investi- 
gate KICI2 and KICI2. H20. 

The preparation of 'potassium dichloroiodide' was 
first described by Wells, Wheeler & Penfield (1892). In 
the course of nuclear quadrupole resonance studies on 
the ICI~- ion (Cornwell & Yamasaki, 1957; Yamasaki 
& Cornwell, 1959), it became clear that both hydrated 
and anhydrous forms of KIC12 exist. In both cases the 
data led the authors to propose for the ICI~- ion a 
bonding scheme based on p atomic orbitals. At about 
the same time Allison & Cheesman (1958) also showed, 
by physical and powder diffraction methods, that both 
KIC12 and KICI2. H20 exist. 

Experimental 

Sample preparation 
Anhydrous KIC12 was prepared by the method de- 

scribed by Wells (1901) for the preparation of CslC1,; 
crystals formed upon cooling a hot aqueous solution 
of KNOa, 12, and HCI. The crystals were initially 
thought to be hydrated because they formed in aqueous 
solution and because Cremer & Duncan (1931) were 
able to obtain the anhydrous compound (only as a 
powder) by a strictly dry procedure. The true nature 

of our crystals was revealed by the structure determina- 
tion. 

Crystals ofKICl2. H20 were prepared according to the 
original methods of Wells, Wheeler & Penfield (1892) by 
bubbling chlorine through an aqueous solution of 
KCI and I2. 

Both compounds tended to lose iodine on standing, 
but decomposition could be prevented by coating them 
with a halocarbon grease (Kel-F). 

Unit cell and space group 
Crystallographic data for the two compounds are 

set out below. 
KICI2 KICI2. H20 

System Monoclinic Monoclinic 
a (A,) 8.507 (5) 8.022 (5) 
b 10.907 (5) 9.611 (5) 
c 12.126 (5) 4.354 (3) 
fl (°) 107.82 (4) 97.03 (4) 
a:b:c (X-ray) 0.7800:1 : 1.1118 0.8347:1:0-4530 
a:b: c (optical) - -  0.8319: 1:0.4544 
Absences hOl, l= 2n + 1 

0k0, k = 2n + 1 0k0, k = 2n + 1 
Space group P2x/c P21/m 
Z 8 2 
d, (gcm -3) 2.91 2.53 
d,, 2.87 (5) 2.44 (5) 

62-0 
parallelpiped 

bounded by 
{001), {110) 

/z(cm-1), Mo Kc~ 75.3 
Habit parallelpiped 

bounded by 
{100), {010), 
{001 }, {110} 

Unit-cell and space-group data were obtained from 
preliminary Weissenberg and precession photographs 
and from 15 20 values carefully measured with a Picker 
four-circle diffractometer. The optical axial ratios for 
the hydrate were measured by Penfield (Wells, Wheeler 
& Penfield, 1892). Systematic absences determined the 
space group of K1Clz uniquely. For the hydrate the 
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centrosymmetric alternative was chosen arbitrarily and 
was confirmed by the success of the refinement. Den- 
sities were measured by flotation in a mixture of CCI  4 
and CHBr3, in which the crystals slowly dissolved. 

Intensity data 

Three-dimensional intensity data for each crystal 
were collected with a Picker automatic four-circle dif- 
fractometer in the 0-20 scan mode. Monochromation 
was obtained by means of a zirconium filter and pulse 
height analysis. Nonzero intensities were measured for 
1249 independent reflections from the KIC12 crystal, 
for 542 reflections from KIC12. H20. A reflection was 
regarded as too weak to measure if the apparent inten- 
sity was less than twice its estimated standard devia- 
tion. Since the dimensions of the KICI2 crystal were 
only about 0-15×0.10×0.11 ram, no absorption cor- 
rection was applied. Since the KICI2. HzO crystal was 
larger, 0.26 x 0.33 × 0.33 ram, the intensities were cor- 
rected for absorption by means of the GONO 9 pro- 
gram (Hamilton, 1956); transmission coefficients 
ranged from 0.21 to 0-31. 

Structure-factor magnitudes were calculated in the 
usual way. The standard deviation in F z was estimated 
for both compounds by the expression 

a(FZ)=(1/Lp)[C+8"25+(tc/2tb)2(B1 + B 2 q- 16.5) 
+ (0"07C) 2 + [0.07(B~ + Bz)]2] 1'2 

where Lp is the Lorentz-polarization factor, C is the 
total integrated count obtained in time to, and B~ and 
B2 are the two background counts each obtained in 
time tb. The scaler on our instrument introduces a 
small systematic error by dropping the last digit of a 
count instead of rounding it off; to remove the system- 
atic part of this error each recorded value was multi- 
plied by ten and 4.5 was added. The terms 8.25 and 
16.5 take account of the remaining random error from 
this source. 

S t r u c t u r e  d e t e r m i n a t i o n  and r e f i n e m e n t  

Both structures were determined from Patterson and 
difference maps, calculated with the FORDAP pro- 
gram (Zalkin, 1965), and were refined by least-squares 
methods with the program BULS, a local variation of 
the classic ORFLS program (Busing, Martin & Levy, 
1962). 

KIC12 
From a three-dimensional Patterson function the 

two independent iodine atoms were located. The co- 
ordinates and isotropic temperature factor parameters 
of the iodine atoms were refined by two cycles of least- 
squares adjustment. At this stage R = 3 2 %  and Rw= 
39% based on all nonzero IF[ values. An electron- 
density difference map then showed clearly the chlorine 
and potassium atoms. Further cycles of refinement of 
all atoms converged to R = 5.7 % and Rw = 6.6 % with 
anisotropic temperature factors. A final difference map 
showed no peaks larger than one-tenth the heigth of 
the potassium atom on the earlier map. 

Final positional and thermal parameters, with their 
estimated standard deviations in parentheses, are listed 
in Table 1. The observed and calculated structure fac- 
tors are compared in Table 2. 

KIC12. H20 
With two formula units in the assumed space group 

P2x/m, the iodine, potassium, and oxygen atoms are 
required to be on either inversion centers or mirror 
planes. The Patterson map could be interpreted in 
terms of iodine atoms at centers, potassium atoms on 
mirror planes, and chlorine atoms in general positions; 
the oxygen atom was not yet apparent. Least-squares 
refinement of the coordinates and isotropic thermal 
parameters of the known atoms yielded R=11.3% , 
R~ = 14"7 % for reflections greater than 2or only. A sub- 

Table 1. Atomic parameters for  KICI2 and KICI2. H20 

Fractional atomic coordinates (× 104) and temperature factor parameters (x 104) in the expression 

exp [ -  ( f l~h  2 --b f122k 2 -t-fl33l 2 -I- 2fl~2hk -t- 2fl~3hl + 2f123kl)]. 

Standard deviations in the last place are given in parentheses. 

x y z p .  P~ P~ /~2 
KICI2 

I(1) 1345 (1) -- 180 (1) 3847 (1) 126.9 (20) 78"4 (12) 50"1 (8) 25-4 (13) 
I(2) --2843 (1) 940 (1) 845 (1) 100"6 (19) 61"2 (11) 67"1 (10) -- 9"7 (12) 
Cl(1) 3625 (6) 1425 (5) 4306 (4) 126 (8) 108 (6) 98 (5) - 8 0  (6) 
C1(2) - 965 (6) -1768  (5) 3363 (4) 169 (8) 89 (5) 64 (4) 9 (6) 
Cl(3) - 3 1 6 5  (6) 1905 (5) 2687 (4) 176 (9) 79 (5) 90 (5) - 2 4  (6) 
C1(4) - 2 4 0 2  (6) - 9 9  (5) - 923 (4) 155 (8) 105 (5) 62 (4) 10 (6) 
K(I) 2821 (5) 3021 (4) 4111 (4) 156 (8) 82 (4) 73 (4) 5 (5) 
K(2) - 4 5 6 9  (6) - 700 (5) 3060 (4) 125 (7) 143 (6) 90 (4) - 10 (6) 

KICI2. H20 
I 0 0 0 136"8 (20) 75"1 (14) 331-8 (72) - 4"2 (8) 
CI 3034 (4) - 405 (4) 2358 (7) 145 (4) 102 (3) 603 (18) 13 (3) 
K - 4 6 2 0  (5) 2500 2259 (8) 2337 (8) 122 (5) 378 (18) 0 
O 3159 (16) 2500 - 3 1 2 9  (27) 214 (23) 1145 (15) 679 (76) 0 

P,3 

36.0 (10) 
20.3 (11) 
36 (6) 
35 (5) 
41 (5) 
30 (5) 
28 (4) 
15 (5) 

22-5 (23) 
- 20 (7) 

27 (9) 
49 (33) 

0.6 (8) 
7.3 (8) 
1 (4) 
0 (3) 

- 2 5  ( 4 )  

12 (4) 
- 7 ( 3 )  
29 (4) 

0"7 (1) 
o(1) 
0 
o 
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sequent difference map showed the oxygen atom on a 
mirror plane. Several cycles of least-squares refine- 
ment, with anisotropic temperature parameters, con- 
verged to a structure with R = 6 . 0 %  and R~=7.4% . 
An attempt to locate the hydrogen atoms by means of 

a difference map based on low-angle reflections, 
(sin 0)/2 _< 0-305, was unsuccessful. 

The final parameters are listed in Table 1. The cal- 
culated and observed structure factors are presented in 
Table 3. 

Table 

K L FOBS FCAL K L ~OBS 

o-~ .... 
d 5 0  

o 2 2)?~; 
*.****~= 3**..* o .~ 59'~ 

o 6 967 
1-11 778 

2 71o 718 1-10 353 
i (¢ 2580 2910 1 -8 611 

22.)7 23(¢(¢ 1 -7  1235 
) I 93b 993 1 -c  972 
o 12 3 ( ¢ 9  337 1 - 5  1116 

795 783 1-u . 7 9  
l~dJ 1538 1 - 3  1191 

........ -~ 192 
5 6?o 673 1 bOB 

315 339 1 o 86~ 
1.7Ol 1027 1 I U83 

9 538 555 1 . ,o~ 
11 55q 50C 1 5 1781 

1 IJ 67] ~89 1 6 778 
2.}0~ ~1JO I 9 ~76 

2 1 2 2 :  917 1 11 512 
2 7 7 1  7(¢6 1 12 227 

Z 3 127~ I276 1 I~ 24~I 
~ 1765 1853 2-12 5~2 

135J I~0H 2-11 bd3 
7J3 7JI 2-10  339 

2 7 '~o. 595 z-9 31.~ 
d 519 5.6 2 -~ 1L(¢6 

2 9 5(¢1  %oo 2-7 . 1 2  

11 Jq9 J69 - 5  1779 
2 1~ . . . . . . .  ~ 7~5 
3 o.'J ~J~ -3 1256 

2 2211~ ~u20 2 13~3 
3 3 .50 .58 2-I 929 

. 9b~ 977 2 2 237 

6 217 199 2 . 
7 3b~ )b0 2 3 1221 
3 111~ 11~2 2 u ~10 

3 9 7 ; 7  e J 2  2 o~7 

IJ ~,i :~97 2 . .1o 

2o , ,  z IC ,~ .. 

11 (¢ d~,,~ 795 2 1J JTu 
U 5 .?:~ 11.~ 3 -1J  ~ t , .  

w 9 5d5 5~b J-11 .h5 
11 lJ 30~ 2JI 3-I. b 9 

12 .5~ ``~o 3-8 267 
1J. 229 26~ 3 -?  9 . 3  

1 1362 1337 3 - 6  15b? 
5 Z 1~o) 127:~ 3 -5 83~ 

J 71) 7J I  3 5od 

5 5 10o7 1 ; 7 1  1 1 1 )  
5 ~ 5 ~ 9  %17 3 - 1  7 ~ 9  
5 9 11.:. ~ o  3 . 1519 
6 C 575 576 3 1 ZSo. 
6 1 d67 gC1 3 Z 1~12 
b 2 282 275 ] J ~gJ 

b , 5~11 i j l l  

6 . 2bJ 237 3 ? I751 
7 (¢I~ 11~7 3 9 550 

i 3 7 0 9  717 3 11 25d 
9 3u)  ]6~ ~-13 u26 

12 307 324 . - 1 2  29tt 
1 1115 11~9 .¢-10 512 

7 . 6J5 u]e . -7 .15 
5 1121 112J (¢ -5 223 
o 511 5~d (¢ - z  91d 
7 27b 17.:' -1 1251 

7 U .9) 528 11 0 I..,I 
7 9 267 2>9 (¢ 1 3(¢5 
7 1C 3~ ~o] 3 522 

1 7L~ 7 6 2  (¢ q Ib71 
u 2 w77 ~ 7 .  , 5 21(¢ 
8 3 9o5 1¢17 (¢ 6 1093 
3 . 6 1 . ~  5Jd , 7 11C) 

8 277 ~57 (¢ 8 b J ]  
? b?J ~13 `` 9 27o 

8 u J~ .  31-" (¢ IC ~ 2  
9 1 .cz 378 11 11 322 
q ~ ~17 . . : I  5-13 5q3 
9 ) . ,~ :  .~)5-11 1133 

Jb.. }= 5-I; ,SJ 
10 0 99~ I:.79 5-9 .89 
I0 2 263 2110 5-~ 15o5 
10 3 .I£ (¢~2 5-o '~'9 
lO u q d l  ~92 %-11 J'~J 
lO ~. u~; b 9 9  5 -3 ~911 
lO ? 39: 11~o 5-~ J69 
11 1 .~ 11.2 ~ -1 ~:9 

11 ~ 2~ 1~? . 1 1016 

11 6 . 1 7  377 5 u 798 
11 ? (¢09 3o~. 5 5 251 
12 o 352 396 5 6 233 
12 2 211'3 118 5 ? ,27 
12 q 2 . = ?  215 5 9 ,116 

5 1o 318 
6-11 2(¢9 
b-IC 359 

* * * . * * , .  I . . . * *  b -9 553 
6 - 8  ) . : ,  
6 -7 36] 

0-12 (¢19 , 3 ]  6-6 35~ 
0-IC 295 2R0 6-5 1186 
0 -8 I~28 I~]6 6 -(¢ 27d 
o -6 1339 968 6 -2 ,95 
o -(¢ 3~1~ 39~6 6 -I 1571 

2 .  Observed and calculated structure factor 
FCAL ~ L FOUS FCtL K L FOBS FCt t .  ~ L FOBS FC~L K L EOBS EC&£ 

. . . .  6 o . . . . .  2,6 ~ 3 . . . .  
795 6 5(¢u 578 11 859 

2753 6 ~. 5O7 5.6 2 5 I],5 
568 b 3 6OO 615 2 9 829 
957 b ~. 1150 1238 2 11 329  
3(¢2 6 5 603 6~0 3-12  277 
355 6 6 1137 (¢60  3-11 312 
5d8 6 8 , 3 9  , 9 5  3-10 3511 

119C b 1o 7(¢? 777 3 - d  916 
895 7 -9 697 6(¢0 3 -6 1168 
38 ]  7 -8 ~111 939 3 - 5  721 
.116 7 -7  719  7 , ,8  3 - ` `  1.21 

1067 ? -5 1111q (¢J7 3 -] 1919 
15q 7-. Z67 231 3 -2 1.21 
o l8  7 -3 171~ 1618 ) -I 9)O 
839 7 -I 671 622 3 o b31 
811 7 o 389 (¢19 3 1 1.69 
395 ? 1 119] 1288 3 2 353 

17u5 7 2 g95 1090 3 3 1(¢30 
75b 3 3 6~u 656 | ~ 913 
9(¢3 7 295 308 3 5 728 
5O9 ? 6 592 59O 3 7 810 
219 7 7 q80 523 3 11 39(¢ 
256 7 d 527 5bO . -3 238 
5J2 8-11 ( ¢ 9 2  (¢95 -6 1119 
6"~2 8 -9 511 537 -~ 1109 
3O6 o -8 ~ 2  235 ~ -] 385 
ZS~ 8 -?  1135 1159 11 -2 1591 

1222 8 -o 2 ~ 7  Ib:~ ~ - t  low5 
3 7 7  ~ - 5  127. 1261 q o (¢26 
~d.~ 8 -2  692 6112 1 550 

113]  t-i 1371 1292  2 2002 
o ) z  ~ 1 7Cd ? .1  J 12.1 

I J 5 J  e 2o5 z~i ~ 57~ 
1255 8 ~ 3?3 3o6 5 331 
u(¢I 8 5 591 62(¢ q 6 1071 
16]  u ? 2d /  25C ~ 3 6d2 

2}1(¢ o I~ 370 282 . 9 591 
1 .81 9 -o  2'~b 30~ 5-11 86)  
119~ 9 -2 5,31 (¢52 5-13 29. 
29b 9 C 392 , 20  5 -9 752 
e75 9 I 30,~ 325 5 -8 607 
912 g .~ 7 d l  865 5 - 7  I~u2  

1136 S 521 527 % -6 339 
.19 5 5 315 1122 5-5 1131 
u3C 9 b 693 7J5 5-" 10%5 
~25 ~ 8 6 3 7  628 5 -2 70Z 
29) ~ 9 262 310 %-I 11177 
3 8 .  1o-~ J.. 296 5 C 651 
.(¢u IF -'7 2311 20 ]  % i dOo 
317 IC-o 252 19d 5 3 2 .b  
~59 IC-5 566 53O 5 5 (¢55 
5o9 1C-11 57~ 599 5 8 2 1 7  
755 IC -2 . 7 6  (¢55 5 11 22 ]  
178 IC-1 65~ 6u`` o-1o ] d l  
915 IC I ~77 3 .8  6 - 9  uu2 

15£2 IC " 5 .9  61(¢ ~ -~ 378 
~ , I  $c 3 ~ ]1  ~26 6 -7  ] 2 ]  
578 IC 5 }J1 3~I 6 -6 215 

1209 10 o 281 219 6 - 5  (¢39 
107. 11 -6 J31 307 o -. i070 
b%2 11 -11 38]  339 b - J  59] 

15.3 11 -I . 8 }  (¢82 6 -2 2111 
27o9 11 .2) ..5 b -1 .32 

928 11 1111 JoJ 6 1221 
161 ]  12 - )  322 2~0 6 5 362 
1381 1.. -1  3"~  ]11 6 6 967 

.50  I~ J 285 33,~ 6 7 25O 
1132 b 8 733 
562 b I0 275 
268 7-12 266 
"02''''''8- 2"*''' 7-11  ~83 
318 7 -9 232 
(¢55 ? -7 55O 
1126 C-1~ 1115 370 ? - 6  . 35  
57 0-12 851 831 7 -5 56O 

82] 0-10 1507 151. 7 -q 513 
11"39 C - d  519 (¢8, 7 -3 2(¢9 
1 .77 C -~ 2616 2 7 0 2  7 - 2  1 0 2 1  
3,7 o-11 13~1  12O11 7 - 1  365 
5J .  C - 2  1776 1658 7 0 5115 

1793 c 0 15%1 1568 7 1 267 
205 C ¢ 30o 269 7 3 )75 
.... ~ ....... ~ . 883 
11~b o 5.~ 520 5 387 
6117 C ~ 1115 1100 7 6 (¢85 
~02 C IC 632 61. ? ? 263 
985 I-I,; 112) . 2 O  7 8 . 23  
)59 I - l O  1128 ,(¢2 7 9 2,8 
5o. 8 .... 02 .... 27 
it32 - 3  52 .  , 7 7  8-10 ~33 
J78 -6 113J ,]8 3 -9 771 
555 -5 J25 262 8 -7 583 

1533 -. 1,,88 1360 8 -6 557 
865 -3 1~bb 1775 8 -5 692 
J20 -~ (¢]8 .IO 8 -, 528 

2 d ? ?  o 7(¢6 638 8 - 3  9(¢O 
311o 1 2 . 9 7  28(¢3 3 - 2  (¢36 
79"/ 2 IZ32 11d5 8 -1 255 
8bO 3 828 8?5 3 o (¢5O 

13~2 , 1133 118(¢ 8 I 592 
11uo 5 ~5d 938 8 3 1158 

1533 7 15~7 1718 8 q 352 
839 8 ``91 (¢50 8 6 275 
193 1 1o 270 257  9 -6  557 
. . . . . .  978 961 9 - 5  258 
.70 ;-111 313 333 9 -J .22 
.53 .... 3 .... 9-2 6o7 
272 ~-10 959 928 90 1021 
282 -~ 653 661 9 1 572 
3 , ?  2 - 7  1 2 0 3  1135 9 2 277 
5 , 3  - b  2122 2082 9 3 99, 
289 ~_5 (¢72 .,I ~ . 1056 
797  ~ -~  1.28 1326 5 .22 
310 ~-3 160(¢ 1512 , o 363 

10110 2 -2  2691 26d2 7 510 
216 o 1320 123~ 9 8 365 
1163 1 35. 386 lO - 9  3?6 

1(¢.o 2 (¢9? ~(¢(¢ 10 - 6  508  

112, 10 .... 3 369 5 -9 
8(¢0 1o -11 323 277 5 -8 

1)92 10 -3 ,65 (¢59 5 -7 
313 12 -2 281 226 5 -6 
333 1o 0 563 600 5 -5  
217 10 I 532 595 5 -3  
312 10 ~ 253 ~20~_~ 
3W6 11 - 5b0 510 
358 11 -(¢ 508 (¢7. 5 1 

b 7 5  I1 - 2  270 2119 
1279 11 1 526 555 5 , 
1800 11 2 313 316 5 6 
1282 11 ] 257 235 5 7 
887 11 5 2]9 12(¢ 5 9 
63q 1~ -5 326 271 6 -11  

1552 12 -(¢ 283 273 6 -9 
] 5 8  12 -1 , 7 0  500 6 - 8  

1505 12 0 357 370 6-7 
921 I,~ 3 391 361 6 -6 
753 6 -3 
79~ 
363 t~ 
250 -.*..1~= 3..*** 6 I 
191 6 2 

1008 6 3 
J50 0-1. 705 716 6 (¢ 

I(¢73 0-12 58d 569 6 5 
lOu~  o - I o  982 10611 6 b 

.31  o -8 651 667 6 8 
563 o -6 (¢01 (¢06 6 9 

213~ ~:~ 3.7 } . . . .  o 
1352 o80 610 7-12  

5 6 ]  3 2 (¢19 39(¢  7-10 
295 o 2 531 551 7 -9 

685 o 6 1.50 11151 
595 0 10 927 (¢07 ? - 6  
851 1-13 358 ]90 7 -5 
27~ 1-12 310 339 7 -(¢ 
7(¢8 1-11 (¢9~ ~89 7 -3 
68R 1-10 217 225 7 -2 

1530 -9 679 6 5 b  7 o 
296 -8 628 607 ? 2 

1353 - 7  10(¢3 991 7 (¢ 
9.5 -6 333 266 7 6 
662 -5 1106 1077 7 7 

1506 -(¢ 673 606 7 8 
675 :~ .......... 
8 ] 0  6,O 65O 8 - 8  
ZG6 -1  1983 205% 8 -7  

2 1 ?  1 1007 10(¢8 8 
139 2 275 J2 ,  8 -, 
351 3 1972 2 0 . 6  8 -3 
(¢5. ~ . . . . . . . . .  :~ 
352 503 .95 8 
]96 ? 575 61C 8 0 
181 9 593 53(¢ 8 1 
1107 2-1(¢ ,10 (¢21 3 2 
1008 1~ .9 39~ 
557 2-10  90b 965 
2 2 7  2 - 9  766 761 8 8 
.17 2-8 830 777 9-10 
.211 - 6  1378 1(¢3, 9 - 5  

132( 2 -5 170. 1778 9 -~ 
3o? ~-. IOiO 936 9 : ~  
956 -3 39~ 39(# 9 
253 -2 ,70 (#29 9 0 

288  1712 1728  9 
22 . . . . .  2o lOO3 ~ 
(¢5S 2 631  698  
180 2 3 836 907 9 7 
5 9 3 ~  . 6o5 . . . .  o : )  
371 5 707 671110 
556 ) 353 ~ . . . .  :~  
(¢80 2 590 570 1o 
220 2 8 , , 7  , 2 3  10 - ~  
96 ,  ] - 1 ]  , 2 0  (#1310 - 3  
]52 3-12  , 7 9  ,5, lO o 
568 3 -1o  600 60910  6 
210 3 -9 1036 101811 -7 
911 3 -8 257 2..11 -6 
8683-6 688 66 ..... 
]68 3 -5 1207 1203 11 -I 
~82 3 -(¢ 937 8(¢711 3 
187 3 -3 .95 37(¢ 12 -3 32(¢ 29?  
. 3 6  3 o 9110 887 12 - 2  317 309. 
196  3 1 273 278 12 1 562 558 

(¢28 I ~ 575 59. 
398  b08 615 
763 3 , (¢85 53q 
630 3 5 392 31w'**'eH = " * * * * "  
592 3 6 ~61 ~35  
671 3 8 751 7.0 
.80 (¢-IO ``1o u07 0 - 1 2  
893 . -9  552 52~ o-1o 
.76 `̀  -8 . 2 9  ~22 o -8  
256 (¢ -7 297 332 o - 6  
.... :t I(¢,o .... ° o -. 
573 . 527 5 , 9  - 2  
(¢93 (¢ -11 55? 528 o o 
3 3 ,  , - 3  1586 1(¢77 0 2 
29(# . :i 2o93 2 , .o  ° o . 
532 " 3(¢5 332 6 
189 . o 1 5  . . . .  0 8 o  8 
WIO (¢ 1228  1262  10 
612 . 2 813  833  1-13 
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The crystal structures o f  KIC12 and KICIz. H 2 0  are 
il lustrated in Figs. 1 and 2, respectively; interatornic 

O ~ 1 ~  Q) ~ ~ - ~  distances and angles are given in Tables  4, 5, and 6. 

q3 C Jl 9 ] Table5. IntermolecularapproachesinKICl2(A) 

~~0 ! ~ 0  }_4~.i'-~ I _ Symmetry code No 
symbol x y z 

i - x  - y  1 - z  i ii  l + x y z  ( ~  iii - -x - ½ + y  ½ - z  
iv - 1 - x  ½+y ½ - z  
v - 1 - - x  - y  - z  -- vi x ½--y - -½+z 

2--0 ~'~ 1 ( 1 ) . . . I ( l  ~) 4.139 (4) I ( 2 ) . . . 1 ( 2  ~) 4.156 (4) 
(D k.~ 0 b I(1 z) • .CI(2) 4-092 (5) 1(2 ~) • .C1(4) 4.162 (5) 

~-x CI(1). K(1) 3.281 (8) C1(3) . .K(I )  3.157 (7) 
c - -  CI(1). K(T) 3.145 (7) C! (3 ) . .K(2 )  3.168 (9) 

o CI(1)" K(2") 3"381 (8) C1(3)" "K(2 ~) 3"208 (9) 
el(2).  K(2) 3.195 (7) C1(4), .K(2") 3-159 (7) 

Fig. 1. Packing diagram of KICI2, showing pairs of parallel C1(2). K(1 ~) 3.240 (8) CI (4 ) . .K(I  ~i) 3.219 (8) 
ICI£ ions. C1(2). K(1 m) 3.234 (8) C1(4) . .K(1 "~) 3-145 (7) 

Table 3. Observed and calculated structure factor magnitudes for KIC12. H20 ,  multiplied by l0  
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Table 4. Bond lengths and angles 
The superscripts are defined in Tables 5 and 6. 

KICI2 
I(1)-Cl(1) 
I(1)-C1(2) 
I(2)-C1(3) 
I(2)-C1(4) 
CI(1)-I(1)-CI(2) 
C1(4)-I(2)-C1(3) 

2.545 (5) fk 
2.550 (6) 
2.558 (6) 
2.546 (6) 
179-17 (23) ° 
177.05 (151 

KICI2. I-t20 
I--C] 2.553 (4) ,~ 
O - H . - . C l  3.386 (13) 
O - H .  • • Cl i" 3"386 (13) 

CI-I-C1 ~ 180 ° 
CI" • • O" • • CI m 111"4 (4) 
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Table 6. Intermolecular approaches in 
KICI2. H20 (,~) 

Symmetry code 
No 

symbol x y z 
i - x  - y  - z  
ii l + x  y z 
iii x ½- - y  z 
iv x 1 +y z 
v x y l + z  
vi 1 - x  - y  - z  
vii 1 - x  - y  1 - z  

C1 . . . .  CI iu 5-583 (3) I "  "O 3-877 (10) 
C1 m" • • CI iv 4.027 (11) I. • • O 5 3.877 (10) 
CI . . . .  C1TM 3"751 (8) I'" "O v 4"368 (13) 
C1 . . . .  C1 "i 4"044 (9) I" • • V 4"354 (20) 
C1 . . . .  CI v 4"354 (20) K"'" "O 2"797 (15) 
OV-H "" "C1 3"386 (10) K . . . .  O v 2"797 (15) 
OV-H "" "C1 iii 3"386 (10) K . . . .  CI ~i 3"216 (8) 
O . . . .  ClVii 3"639 (11)  K . . . .  E l  vii 3 -234  (7)  

O . . . .  C1 v 3.710 (12) K . . . .  CI 3.370 (6) 

The dichloroiodide ion 
In both compounds the IC1- ion is exactly or very 

nearly linear and symmetric. In KICI2 none of the four 
independent I-C1 distances is significantly different 
from their average, 2.550 ~.  The independent CI-I-CI 
angles, 179.2 (2) and 177.1 ° (2), show statistically sig- 
nificant but minor deviations from linearity. In 
KICIE.H20 the ion is exactly linear and symmetric, 
since it lies on a center of symmetry. The I-CI distance 
is 2"553 (4) A, not significantly different from the aver- 
age value in KICIE. These I-C1 distances are similar to 
those found in other examples of the same ion: 2-55/~, 
in N(CH3)4ICI 2 (Visser & Vos, 1964), average value 
2.58 ~ in piperazinium bis(dichloroiodide), 
C4H10Nz.2HICI2 (Romming, 1958). In the present ex- 
amples the average I-CI distance is 0.22 ~ longer than 
the sum of the covalent radii of iodine and chlorine 
atoms. These facts are consistent with the idea that the 
three atoms are linked by a three-center four-electron 
bond (Rundle, 1962). 

The packing 
The structure of KIC12 exhibits pairs of parallel di- 

chloroiodide ions arranged in a herringbone pattern 
(Fig. 1). Each pair consists of two ions related by a 
center of symmetry. The pairs formed from the two 
crystallographically independent ions are remarkably 
similar (see Fig. 3 and Table 5). Within these pairs the 
iodine atoms are separated by 4.139 (4) and 4-156 (4) ,~, 
slightly less than the van der Waals separation of 4.30 
A; no other distances are shorter than the van der 
Waals value. Adjacent pairs are well separated. Ap- 
parently the anions are drawn together in parallel ori- 
entation by van der Waals interaction, in spite of elec- 
trostatic repulsion, and then shifted lengthwise so that 
the iodine atoms of one fits into the constriction at the 
I-C1 bond of the other. 

The arrangement of potassium ions around each of 
the two independent dichloroiodide pairs is shown in 
Fig. 3 and corresponding interatomic distances are 

given in Table 5. Each chlorine atom has three neigh- 
boring potassium ions. Around the anion CI(1)-I(1)- 
C1(2) the average C I . . . K  distance is 3.22 A around 
C1(2) and 3.27 A around CI(1). Around the anion 
C1(3)-I(2)-C1(4) the average C1.- .  K distance is 3.18 A 
around both chlorine atoms. The similarity in the en- 
vironment at each end of each anion implies a similar 
electrostatic potential in each case, as is usual for sym- 
metrical trihalide ions (Migchelsen & Vos, 1967). 

In KICI2. H20 there are strips of parallel dichloro- 
iodide ions running along the e direction (see 
Fig. 2). The I. • • I approach is 4.35 (2) ,~,, approximately 
equal to the van der Waals separation and somewhat 
longer than the corresponding distance in KIC12. 
Nevertheless, the orientation of adjacent anions along 
these strips is similar to that of a pair of anions in 
KIC12. Within a sheet of such strips extending along 
the b direction, the strips are alternately pivoted clock- 
wise and counterclockwise about e. The water mole- 
cules and potassium ions fit into the spaces thus 
created. 

The electrostatic environment around each dichloro- 
iodide ion is symmetrical by virtue of the ion lying on a 
center of symmetry. Significant interatomic distances 
are given in Table 6. 

Each oxygen atom lies on a mirror plane, with three 
pairs of mirror-related chlorine atoms nearby, as 
shown in Fig. 2. The shortest O . . . C I  distance, 3.39 (1) 
,~,, is shown dotted in Fig. 2; the next shortest are more 
than 0.2 A greater. Each of the shortest distances repre- 
sents a weak hydrogen bond, although it is about 0.3 
longer than a strong O - H . . . C 1  bond such as that in 
HCI .2H20 (Lundgren & Olovsson, 1967). It is com- 
parable with the reported hydrogen-bond lengths 3.35 
,~ in HICI~.4H20 (Bateman & Bateman, 1972) and 
3.42 A in KIC14. H20 (Elema, de Boer & Vos, 1963). 
As the latter authors pointed out, the increased length 
relative to that involving simple chloride ions is the 
result of the lesser charge on the chlorine atom. The 

%v 

CI c~ b a 

Fig.2. Packing diagram of KIC12.H20. The oxygen (shaded) 
and potassium atoms lie on mirror planes at y = k and ~I. The 
dotted lines show the hydrogen bonds between the oxygen 
atom of the water molecule and the chlorine atoms. 
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Fig.3. Arrangement of K + ions around the ends of the two independent IClz ion pairs in KICI,. 

angle C 1 . . . O . . . C 1  between two hydrogen bonds is 
111.4 °, which is reasonable for a hydrogen-bonded sys- 
tem. The existence of some hydrogen bonding was con- 
firmed by the infrared absorpt ion spectrum of a Nujol 
mull  recorded with a Perk in-Elmer  257 spectrometer. 
The spectrum showed a broad band at 3150 cm-1 with 
width at hal f  height of  270 cm-1;  such a band indicates 
hydrogen bonding (Hamil ton & Ibers, 1968). 

Al though evidence is found for multicenter bonds 
l inking trihalide ions in other examples, as ment ioned 
in the introduction, there is no indication of such a 
feature in either of  these structures. This illustrates the 
reluctance of  a halogen as electronegative as chlorine 
to serve as the central a tom in a multicenter bond. 

This work was supported in part by the Nat ional  
Science Foundat ion.  
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