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Imidazole.forms comp]éxes and salts with metal atoms in a variety

of ways. A:nove] example is a ruthenium complex with a carbon-ruthenium

2a .

bond. We studied the reaction of imidazole with uranyl choride to see

if a similar derivative?® could be made; instead, the resultant product.

| was a hydrogen-bonded salt of the imidaio]ium cation with the uranyl chloride

. ‘ -2
anion, U02C]4 .

Thé_coordination chemistry of the uranyl ion, U02+2, is governed

by the ability of the uranium atom to achieve a high equatorial coordina-

" tion number, most commonly five or six, about the linear uranyl axis;

consequently, U02+ éxhibits a wide variety of structures in its compTexes
when it forms adducts with organic donor mo]ecu]es.3_,3uch compounds 

include mixed,bridging_and terminal ligands such as are found in uranyl =

~ acetate hydratés,4 "small bite" ligands such as peroxo groups,5 and

' mfxéd SUIfur~oxygen chelates of alkoxides;6 The'U02X4'2'(where X =
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vC],-Br, I) series of comp]exe$,7 h0wevér; has not received so much
1 attentipn‘with.respéct1to hydrogen-boﬁding as have other compounds
ano]ving more cdmpTex,organic ]igands; these compounds ex;ibit the
sha]]est equatorial coordination number (four) knoWn,'for_the'UOZ+
‘ion and, as a result of the electroneg&tive,hé]ide 1igands; should
'be capable 6f accepting hydrogen bonds. The present.report provides
an example of such bonding to the imidazolium cation,svﬁhich'is‘
stabie and readily pr‘epakedT The parent 1midazo1e‘mo1ecu1e‘is khown
“to qﬁdergo extensive hydrbgen bonding9 in many of its metal complexes,
“with hydrogen4bonding playing a major role in its bﬁoinofganic

chemjstry.]o :

'EXPERIMENTAL

The title compound was prépared by dissolving 0.122 g. (2 mmoles)
of fmidazo]é (Aldrich Chemicals, 99% purity) and 0.341 g (1 mmole) of
U02C1243H20‘(A1fa.Chemica]s, reagent grade) in hydrpchioric acid which
l was maintained at a pH of ~ 2.5-3.0 followed by stirring for two
hours. The reaction solution was allowed to evaporate slowly over a
period of severa] days, yielding a batch of yellow, crysta]]iné pro-
duct. The crystals were filtered on a Buchner funne] and allowed to
dry in air. .Anal; Calcd. fqrv[C3N2H5+]2[U02C]4]'2:’ C, 13.10; H, 1.82;
N, 10.18. Found: - C, 13.18; H, 1.74; N, .10.31.
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A simall ye]]ow crystal, approximately 0.15 x 0.13 x 0.06 mm in size,
was glued to a glass fibek in air. Preliminary cell dimensions and thé
| space grou?, P2]/n, were obtafhed from Wéissenberg bhotography. The |
crystaTAWas placed on a Nonius CAD-4 automated.diffractometer equipped
. with'a Mo tube and:a.graphite’monochkbmatof, (A(Ka]),0.70930 K).  The

~setting angles of 22 reflections were used to determine by least-
squares the following cell parametérs: a = 9.838(5) K, b = 10.891(5) &,
¢ =6.966(4) R, B = .104'.56(‘5)° and V = 722.41 R3. For Z=2 and a
molecular weight of 550.01 the calculated dehsity is 2.53 g/cm3.~r

| Intehsity_data were collected at‘room temperature using the
6-26 scan technique with the scan ang1e ca1cu1ated as (0.60 + J.35 tan -
8)° and variable scan times up to a méximum of‘80'seconds. -The |
c0unter aperture was 173 mm from the crystal and had a height of
4 mm and»a.variab]e'width of (2.50‘+ 0.50 tan 6) mm._.Backgfound
vwas estimated from an extended scan of 25% on éither side of the
intensity scan. For reflections where I > 50,000 cps,,anattenUator'
was inserted'in the diffracted.beam that reduced thé intensity by |

by a factor of 18.17. |
) | Three stahdard reflections were measured every 5400 éeconds.
A total of 4539:$cans; including standardé, was. processed to yield
2810 data which resulted in 1577 unique data after process{ng and.
averaging. Data that were space gfoup_extinctions;.or.too weék to be
obsefved, or whose background ratids_wefe gfeatek than 4.0, were

deleted from the data set. An absorption correction (u = 114 cn 1)
1 |

~was applied’ " which ranged from 1.8 to 4.5. The crystal decay factor



based.on the-varietione of the three standarderef1ectioﬁs.ranged
* from 0.99 to 1.02. | -

‘With two formula units in the unit'eell,,the uranium afom mustv
be on a center of symmetryel A 3-dimen$iona1 Fouriervca1cu1ated‘with
all phases positive (U on the origih) indicated thebpos%tions of two
ch]orines, one oxygen and one nitrogen' Subsequent least-squares
refinements and d1fference Fouriers revealed the rest of the structure.
Some of the hydrogen atoms could be observed in the d1fference maps ,
but were ne1ther the maJor‘peaks,nor well resolved. Hydrogen atoms |
were included at fheir calculated positions (0.96_R from N ane C):
in the final 1east-squafes ?efinements; but not refined. Least- 1
_ squareé'refinements in whichvthe functien Zw(lFol-chl)z/ZwFOZ was
mfnimiied converged rapidly to the final structure. The expressions
that were used in processing the data énd eetjmating weights are .
'gfven,in the supplementary materia]- the "fgﬁbrance factor", p was

12

set to 0.02. Scatter1ng factors: from Doy]e and Turner'“ were used,

13 vere applied. Anisotropic

And-anomalous d1spers1on corrections
thermal parameters were applied to a11 but the hydrogen atoms. No

extinction correction was indicated and none was made. Because of a
| few large d1screpanc1es all 5 data below two-theta of 7.6° were zero

weighted.

The discrepancy'indices for 1494 data'wherevF? > o and 7.6° <

26 < 60° are:
R = ZIIF l-IF |1/z]F | = 0.034
- el 2.1/2 _ |
Ry 2 IFOI IF.I) /ZIFOI 17 = 0.024
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R for all 1577 data is 0.039. The error in an observation of unit
_ weight is 1.02. In the last cycle, no parameter'changed‘more than
0. 005 c “The largest peak in the final difference Fourier was 1. O

e/ﬂ vand is a ripple near the uran1um atom.

© RESULTS AND DISCUSSION

AtOmic parameters,edistances'and angles are listed in Tab]es
.I#III. Figure 1 shows an ORTEP view of a formula unit with the
| numbering scheme used for the atoms in the_fab]es. |

The compound is a salt consisting of discrete planar imidazolium |
cations'and octahedral tetrachlorodioxouranate anions. The closest
non-hydregen'atem approaches_between the two ions are 3.20 R between
0 and N(1), 3.33 R between CL(1) and N(1), and 3.26 R between C2(2)
~and N(2). The H(1)-C&(1) and'H(2)-C2(2) distances are 2.51 & and
2.46 R respect1ve1y, and the angles N(1)- H(]) cz( ) and N(2)-H(2)-Ce(2)
are 144° and 140° respect1ve1y, these values are cons1stent with the

14

criteria for N-H...C2 hydrogen bond. Hydrogen bond1ng_d1stances in

MnC8,+4H,0 between 0 and C2 are 3.17 to 3.32, and for N to C2 they

- should be slightly larger. 15

The 1m1dazol1um cat1on 1s a planar f1ve membered ring. The geo-

_metry reported. here is in good -agreement with other deter‘mma’mons,]ﬁ’]7

‘w1th bond angles and d1stances within 4o of the 11terature va]ues
The tetrach]oro d1oxouran1um(IV) anion is a tetragona]]y distorted .

'octahedron,vw1th_four.chlor1ne_atoms 1n the equatorial positions and
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the two urany] oxygen atoms-at the apices. - The anion has been well

18-24

character1zed by other structure determ1nat1ons The u-0

fd1stances reported for th1s 1on20 24 rahge from 1.72 ﬂ to 1 78 ﬂ
wh1ch compares to the 1.770 & va]ue reported here The U- C1 d1stances

20-24

reported for th1s ion rande from 2. 62 to 2.70 A and span the

two values reported here
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Parameters® with

Estimated Deviations

~Table I. Positional and Thermal
" ATOM X Y Z

u 0 - 0 0

cL(1) «0150(1) ~e1292(1) e3341(2)

cL(2) 01845 (1) «1632(1) «1948(2)

0(1) -61389(3) «0881(3) «0483(5)

N(1) «2980 (5) «0228(5) -e3568(8)

N(2) «%930(5) ~e0663(6) ~e2626(8)

c() ¢ 3940(7) e1117(6) -e291(1)

c(2) «5183(7) «054218) -9231(1)

c(3) 3594 (7) -0 0833(6) -+ 3405(9)

H{1) «1992 « 0367 - 4092

H{2) +5626 ~e1311 -“2325

H(3) 03775 21994 - 2841

H(&) »6100 00909 “el777

H(5) «3139 ~e1619 -. 3782

B1t 822 833 812 B13 823
1.695(8) 2¢079(9) Sebh(1) e15(1) «557(56) -o06(1)
3.14(5) 285(5) 3.71(6) e23(h) o3 (&) e10(4%)
2¢79(4%) 2494(5) 4.61(6) -.hb(b) =o01 (&) -el17(5)
2¢3(1) 209(2) . Leb(2) e8(1) 162(1) ol1(l)
267€2) 5.2(%) 4e9(2) e7(2) o7(2) e81(2)
3.9(2) 4.5(3) 4e3(3) 1.8(2) o3(2) e3(2)
6e3(h) ‘2+8(2) 5¢1(3) o4(3) - 2e0(3) «3(2)
J.4(3) 569(3) 4.0(3) «143(3) “e3(2) 01 (3)
be&(3) 3.7(3) 4o0(3) - =e¢5(2) - e8(2) e1(2)
2,2

2The anisotropic temperature factor has the form exp(-0. 25(B h a* +
ZB]tha*b* + ...)). The hydrogen atoms were all assigned an 1sotrop1c
thermal parameter of 6.0 Kz

EHere and in the fo]]owing'tables'the number in parenthesés is the

~ estimated standard deviation for the least significant figures.

14



Table I1. Distances (R)

U -20

2a()

-2 1(2)
N(1)- C(1)

- o3
N2)- C(3)
- o)
c(1)- c(2)

‘ gcbrfected for therma]»motion’aSSUming;a'"riding"'model.

-11-

.770(3)
.692(2)

.657(2)
.350(7)
.296(8)
.303(9)
.343(9)
.344(8)

Corr.—
1.779
2.697

2.665
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~ Table III. Selected Angles (déga)

-0 -u -0 180.0.

0 -u -cn) %0.2(2).
0w -a@ . 0.0
(- am ©180:0
CCI(N)-U -C1(2) sy

C1(2)-U  -C1(2) 180.0

(1) -N(1)-C(3)  109.8(5)

)

) -N(2)-C(3)  109.4(6)
CON(1) -C(1)-C(2) 106.0(6)

) -C(2)-¢(1) 106.8(6)

) -c(3)-N(2)  108.0(5)

P
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FIGURE CAPTION

.'ORTEP dr?awi'ng of one formula unit.
| 5 A



(C3NpHg)p UDCL,

Fig. 1
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X Supplementary materials for_the paper

Imidazolium Tetrachlofodioxouhanium(VI),

4+ o -2
[C3NoHg 1p[U0,C1,T ™

by Dale L. Perry, Derek P. Freyberg, and Allan Zalkin*
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DATA PROCE§SING FORMULAE

1= c-(tktxsm)

o(B) =.Max[(tc/2tb)(31+82)#, (tc/éﬁb)|B1F,2iJ'v

o(1) = [0 + A(B))E

| P = (D-A/Lp)I »,

 o(F) = (D-a/Lp)o(1)
Ff:‘z‘.l?z/n

of ‘the standard reflections.
= absorption correction .

Lp = Lorentz and polarization
corrections:

- o(F2) = [2A(F)/m)E Wnen S(F2) > 40(F2), o(FZ) 1s replaced by S(F2).
| s(fz) [z|F -lez/n(n-ﬂ]ﬁ - -
_o(rz) [R(F) + (PN + ¢2)
(FZ)"’
o(F) - [F2 - o(FZ)]% when cr(Fz)..F2 or [a(l“z]'k when o(Fz) > F2
[cos 20, + cos 29]/[sin2e (1 + cos 28 )]
vig = 1/o?<z)
Q =-couhts recorded during a scan em = monochromater angle
I = individual raw intensity, 6 = crystal diffraction angle
background remnoved. : S
' S = scatter
‘ té = scan count time .. ' :
_ ‘ o a = average
't,, = background count time ‘ ‘ :
q = additional uncertainty that
B1 = individual background count ° ‘affects the weak intensities
o(B) = estimated sténdard dev- p = estimate of non-statistical
iation of the total back- errors
ground count o v
- wtg = weighting factors in least .
F = structure factor . . squares
D = decay correction; an'empir- )
ically applied correction
obtained from the fluctuations .
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OBSERVED STRUCTURE FACTORS, STVANDARD DEVIATIGNS, AND DIFFERENCES (ALL X 5.0
IMIDAZOLIUM URANYL CHLORIDE : , ‘ F(De000) = 2001

FOB AND FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS.
SG s ESTIMATED STANDARD DEVIATION OF FOB. DEL = /FQB/ - /FCA/.
* INDICATES ZERO WEIGHTED DATA.

W FOB S6 DEL H FOB S6 DEL H FOB S6 DEL

H FOB8 S6 DEL H FOB SG DEL
Kel= 0y 0 =& 561 9 7 <«5 125 9 3 3 637 9 5 -10 186 5 16
2892 9 =20 -2 450 7 12 =3 128 10 -2 6 201 3 6 -8 167 S 3
6 735 9 -3 0 &40 6 6 -1 98 9 12 5 b6 © 7T =6277 5 -8
8 05 6 2 2 451 6 =2 1118 8 5 6 80 7 -2 <=4 3643 6 i
10 368 S 2 b 183 & 2 KeLs 1, O 7 367 S5 b -3 68 13 -1
12 220 S 7 6 256 & -3 1 724 0 ~16% 9 343 6 b =2 197 & 3
Kels @, 1 8 178 & -3 2 58 & =2 10 75 106 3 -1 28 31 15
-13 215 5 -6 168 97 8 6 3625 7 <& 11 168 5 3 6 336 S ]
-11 273 & 1 Kels OGo 5 6 225 3 1 Kebs 1, 3 1136 & 1
-9 299 S 3 -13 137 11 30 5 603 10 -4 =12 201 5 1 2295 & <=3
-7 603 9 ~7 ~-11 189 & 6 6 65 b6 & -10 283 6 -5 4 222 5 -3
-5 683 8 6 ~-9161 5 9 7 468 7 <=7 =9 34 36 5 6 227 6 <=2
-3 239 3 -8 ~7 227 & 6 9 299 & 1 =8 &27 7 1 7 72 16 ~16
-1 891 0 56% -5 306 5 -6 10 80 7 -1 <7 1k4& & 3 8136 7 -6
1 748 8 -5 =3 164 & 6 11 262 & 6 =6 561 12 8 Kels 1o b6
3337 & 2 -1 382 5 & 13 171 6 7 =5 68 5 1 -11 187 7 5
5 432 6 3 1328 6 =2 ' Kelz= 1o 1 =k 595 12 16 -9 205 5 9
7T 217 3 6 3185 & <=4 ~12 247 5 =2 ~3 65 8 1 -7 273 5 1
9 277 & -1 5 256 S 3 ~10 259 5 1 =-2596 8 20 =5 32¢ 6 <6
11 169 S5 =2 7 178 & 6 -9 68 9 12 -1 131 3 2 <=4 0 57 =-12*
Kele 0, 2 9 128 7 2 =8 392 b6 2 8 766 9 7 -3 358 6 7
-12 184 5 1 Kel® By 6 =7 159 3 2 1165 3 6 -2 75 6 18
=10 116 5 2 -12 169 8 13 -6 555 11 -19 2 652 11 -9 ~1 328 6 <=2
-8 341 & 1 10 17 6 12 -5 46 5 i 3 52 7 -3 129 6 =2
-6 319 6 -5 =8 202 & 1 -4 365 5 ~1 & 18 6 3 3261 S5 <=4
-4 298 & @ -6 348 5 ¢ -3 342 & 6 6 332 5 -8 k& 56 18 <=2
«2 327 & 15 -4 231 7 5 =2 869 9 -22 7 54 16 <18 5211 5 3
0 151 3 6 -2 292 5 5 -1 111 O 7* 8 309 5 -10 6 206 39 9
2 587 8 0 8 339 & -4 0 667 @ 4% 9 57 13 6% 7 162 6 9
& 439 7 8 2 245 5 1 2395 5 1 10 177 5 -3 Kels 14 7
6 247 & -3 b 259 5 -6 3 363 & 108 11 0 40 ~#0%-10 135 11 3
8 363 5 -2 6 156 b6 1 b 571 8 16 Kebs 19 & =9 62 18 17
10 227 S5 -9 8 116 11 2 § 17 31 ~14 ~-13 162 7 -3 -8 166 6 -4
12 135 9 -2 Kelm 8y 7 6 356 5 @ -12 16 57 =27 =6 173 S 4
Kols &, 3 -1 122 9 -3 4 8 29 -19%-11 204 S 3 -5 52 17 32
-13 216 6 & ~-9-141 6 10 8 314 S 1 =10 85 8 20 <-4 177 6 5
-11 200 5 -6 =7 190 6 -1 10 234 5 3 =9 274 5 7 <=3 67 16 =18
-3 377 6 -1 =5176 7 =8 12 150 6 8 =7 290 & b =2 213 5 8
-7 49 7 -4 =3 172 6 -2 Kelm 19y 2 =6 151 5 9 , 0126 5 1
-5 548 9 10 -1 162 6 1 -13 173 6 =b =5 453 8 4 1 61 13 33
-1 563 7 18 1110 8 <=4 -11 210 & -1 -4 88 6 2 2 147 5 b6
1 763 10 8 3 153 5 3 -9276 6 <=2 =3 255 & 1 6 127 9 3
3 722 11 -1 5 116 9 27 =7 %08 7 -1 =1 217 3 2 6 75 13 8
S 310 & -4 Kel®s 0y 8 =6 131 & =5 0 164 & -3 Kel=s 1o 8
7 432 8 -3 -10 100 13 16 -5 410 6 3 1 456 6 0 -9 96 13 12
9 254 &4 -2 -8 100 13 b -4 85 3 L 3 227 & 1 =7 9213 <=3
11 145 7 2 -4 155 b 3 -3560 7 10 5195 5 -3 =5 108 10 20
Kelm 0y & =2 109 7 =7 -2 174 & 10 7 203 5 =3 =3 127 6 12
-12 203 6 -4 e 89 13 3 =-11023 11 0 9 138 5 18 -1 9% &8 -1
-10 312 5 7 2132 6 -3 0 320 & 15 10 68 18 40 0 0 43 -15°¢
-8 327 6 @ KeL= 8, 9 1 660 7 i Kels 14 5 i 95 8 3
“6 L03 7 19 -7 87 15 5 2 67 & 9 9 3 105 8 -1

& ~-12 154



STRUCTURE FACTORS CONYINUED FORK
INIDAZOLIUM URANYL CHLORIDE

H
-

-8
-7
-6
-5
-6

FO8
69
Kol =
70

0

96

]
113
115
104
Kels=

-2

1
2
3
& 633
5
6
8

131
776
184

66
4085
h21
164
275

0
183
51
KQLI
180

53
223
378
130
390

92
606&
187
646
334
575
934
370
505
135
L30
142
&2

95
257

56
198

Kol =
201
267
325
104
827
562

g
34t

S6
17
1y
20
66
i1

+
VMO SLPVNONESOWON

N
0ONnN &
.

[
L)

-

- )
SFHOBNVOVVVMNNONTWVNINSOOWOIVNEONTIOWOWONSOS

&

DEL
28
9
-15
-9®
-8
-1.

H

: U
VOoONOOVEFWNRBROM

WOoONOTVUWNRD

e
[

11

-13
-12
-10

-9

-7
-6
-5
-l
-3

-1

(U N o

~18-

FOB S6 DEL H FOB
557 7 28 6 230
615 7 -1 8 209
164 3 1 18 153
$70 7 -6 KoL =
$4 7 10 ~-13 157
323 5 2 -12 O
266 & -2 -11 184
416 6 -5 -9 227
66 6 =7 =T 296
2546 5 =5 <-b &bk
69 11 ~-106 -5 285
206 & 0 -6 111
47 30 -1 -3 360
168 6 =5 -1 345
Kelm 2o 3 e 9¢
476 8 -3 1 268
282 S5 9 2 150
0 41 ~-10% 3 307
256 b6 2 5 186
108 5 -3 6 78
387 6 -7 7 166
62 11 -15 8 56
bt 8 -11 9 148
165 & 5 Kels
488 7 16 -12 119
213 3 12 -10 164
535 8 12 -8 173
0 26 ~10* -7 36
526 7 -1 -6 213
120 3 3 -5 88
819 7 -3 =& 232
374 5 -5 =2 200
124 & 1 -1 3
268 & -9 0 223
0 45 =2% 1 46
218 S5 11 2 213
52 30 29 3 81
165 6 -& & 149
Kels 20 & 6 133
8 &7 -10* 8 111
268 6 -2 KelLs
215 5 -2 -11 120
0 &0 -20%-10 47
336 6 -1 -9 147
63 12 S =8 54
827 7 6 =7 143
198 6 -5 -5 208
388 7 1 =& 186
100 & 2 -3 162
576 9 7 =2 55
177 & 3 -1 168
431 6 S5 1191
186 3 -2 2 85
%03 6 -2 3 128
380 6 -8 & 49
166 & 3 5 116

S$6 DEL
5 =&
& -6
6 -2
2y 5
s 11

69 =34%
6 3
5 1
&6 -8

18 38
5 =5
T =5

15 6
5 <=2
& =&
& -3
3 -2
5 -3
& =2

10 <%
5 -1

58 11
8 L
2¢ b

10 -1
7 2
5 =5

21 19
5 2

10 e
5 =5
b -8

40 17
5 5

15 5
& -3
9 17
5 =7
6 0

10 =7
2y 7
8 1

52 7
7 16

16 &
6 -2
5 =3
9 19
6 -5

18 &
6 =2
5 =2

12 9
4 e

38 33

10 -7

H FOB

KelL=z

-10
-6
-6
-3
-2

-12
-10
-8
-7
-6
-5
-4
-3
-2

107
122
162
164
39
124
161
114
27
105
Kol s
37
96
144
85
80
84
Kels
342
111

638

196
365
291
160
192
Kol =
169
275
349
111
373
167
661
159
620
36
637
197
166
512
507
4643
215
239
KelLs
164
38
308
368
53
412
767
573

N

’
OO VIWNUWMSTEOOONNODOD®

-

NOWOSVVINUNNNANOW WO WS

SOWVIVIOE NN W

FOB
131
731
155
458

ONOOVISFUWORrRNI
o
"

586

53
347
186
196

-
~N -

Kels
2064
251
208

76
L 179§
336

2h
356
a1
530
29

-
onN

377
31
283
136
10 199
Kels
13 151
11 178
-9 215
-7 336
-5 7%
-5 311
- 121
-3 385
-1
1
2
3
4
5
7
9

U BN
CPOVNEFUWUNROPNWSEONN®

543
323

388

55

355
187
236
K.L'
12 166
10 214
-8 336
-7 50
-6 266
-5 &1

=l 368

-3 22

159

oW
)

- ~N w
COEOOONUVMEVBO OO FONSEVNUNVINNGVSEWO WOV NO SO

[y

W e
W



STRUC TURE FACTORS CONTINUED FOR
IMIDAZOLIUM URANYL CHLORIDE

H FOB
-2 418
-1 75

0 285

1 82

2 350

6 251

6 168

T 57

8 176

Kelm
-131 112

-9 197

-7 165

-5 181

-3 249

-2 35

-1 128

1 223
3 169
5 9%
7 138
KelL=
=10 147
-9 47
-8 134
-6 171
-4 209
-3 67
-2 151

0 201

1 23

2 170

3 0

4 116

5 36

6 138

K.Ll

-9 111
-8 16
-7 137
-6 &7
-5 137
-3 115
-1 155

1 112

3 84

Kels

-6 77
-5 &1
-2 87

0 &4

Kyls=

0 188

1 229

2 630

3 45

S6 DEL H FOB
6 -3 & 492
6 -1 5 114
S & 6 288
5 6 7 76
5 =4 8 287
'Y 1 10 217
4 5 12 172

16 7 Kel=z
6 2 -13 151
39 6 =11 198

13 -5 -10 61
6 2 =9 346
7 2 =8 125
S =8 =7 275
5 -3 -6 69

37 8 -5 521
% 2 =& 63
S =1 =3 784
6 -1 =2 270
7 0 -1 562
7 =5 0 121
3, 7 1 735
6 17 2 36

37 14 3 602
8 1 4 b8
7 1 S 548
5 1 6 22

14 138 7 461
6 -9 8 74
5 3 9 277

38 13 11 239
S -5 12 18

L1 7% Kel=
8 1 =12 212

56 23 -10 358
7 0 -9 33
3, 8 -8 386

i2 9 -7 35

65 15 =6 435
7 2 =5 107

K8 25 -3 78
6 -13 =2 643

12 -5 =4 73
7 3 0 724
8 2 1 69

16 2 2 533
3, 9 & 375

27 1 5 72

70 34 6 &22

18 7 7 106

49 -19 8 211
by 0 9 0
4 -2 10 189
3 & 11 ]
5 =3 Kels

& 9 =13 125

S6 DEL

L
BNOMNSPOANWOMESENW

[
N & -

[
UHNFROORFIFPFOWOOFENESILFrFOFWN
N

[~

F .

- (7]

-

o
SENSSsPFTVIVINSFOTFONSSENITIVVISOVIEON
[N

43 -18%
6 3
9 -10

-19-

FOB

0
209
215

287
278
277
101
394
79
323
266
101
297
61
195
22
163
34
164
Keols
161
54
174
282
33
356
52
313
124
495

412

253
54
302
51
173

S6
(74

& &

\Y
NV SFNOSLFONSFNSFCOONORRPVIVINOEFONVINVINESESFSFVIWARSFVIVIVIVIVEWN

| o W

PN

v

37

12

DEL
-32%

-2

-16

=13
-1k
-2
-13
-4
-5
7
-2

-1
-1

-1 204
1 262
3 138
e 29
5 151

K'LI
-9 40
-8 124
-6 149
=4 141
-2 133

0 154
2 101
b 89
Kol =
-7 68

_K’Ll
1 530
2 89
3 431
4 237
5 395
7 315
8 55
9 235
10 92
11 231
12 65

PAGE 3
S6 DEL H FOB SG DEL
6 =b  Kebs 5, 1
L -13%-12 176 6 =146
9 -3 -1i1 0 &1 ~-15°
hy 6 =16 209 & -5
13 -10 -8 293 5 5
48 <=2 =7 101 5 <=4
7 =3 <6 430 6 <=5
6 1 =4 416 & -8
8 2 =-3199 3 -1
7 =7 =2 598 8 -19
4 0 =1 1646 & b §
6 =~2 8 567 9 -3
5 1 1 7 7 =2
59 -40* 2593 8 8
7 i 3219 3 0
8 9 6 382 6 =2
by 7 8 317 & L
8 17 9 55 15 =3
7 6 10 2764 S 2
8 -5 11 0 46 =34°
1 ~21* 12 168 6 -6
5 =% Kebs 5, 2
b1 2% -13 166 © 0
5 3 -342 34 56 -6
46 20 -11 236 7 -1
6 8 -9 294 6 <&
4 b =7 396 b6 1
6 b =6 1460 & <=2
43 & =5 &§51 7 -11
6 7 =4 0 31 =Li1*
53 =2% =3 569 10 =7
8y B8 =2 109 & -9
47 36 =~41 513 7 1
8 =7 g 200 3 S
8 2 1 35 5 =%
6 5 2 51 7 =&
7 [} 3 556 9 0
45 =25% 4 177 3 <=2
6 8 5 369 6 1
8 10 6 57 7 (]
16 3 7220 4 -1
4y 9 8 59 12 33
14 <=b& 9 226 & =2
48 <«B% 10 S7 14 ~-16
Se 0 11 138 6 <=2
7 g Kols 5 3
3 & ~12 156 8 -4
6 -3 -10 236 5 ~-ib4
3 6 -9 80 38 -3%
6 =3 =8250 S5 =5
b =4 =7 113 7 =2
13 2 =623 S5 =6
5 =2 <=4 431 &8 6
7 g -3 52 12 10
5 5 =2 417 8 b
17 50 g 259 & 1



STRUCTURE FACTORS CONTINUED FOR
IMIDAZOLIUM URANYL CHLORIDE

FOB
143
302
84
323
71
222
84
198
10 130
K’LI
-11 185
=18 64
-9 271
-8 24
-7 222
-6 1085
-5 331
-3 432
-2 39
-1 613
8 196
1 383
2 25
3 306
& 59
5 308
6
7
9

GONOVIPUWNMNDI

89

235
145
Kolm
-12 138
-10 2186
-3 74
-8 257
-6 260
-4 293
-3 96
-2 319
-1 21
0 355
196

228

51

202

201
78
97

KolLe

-11 109
-9 138
-7 186
-5 144
-3 158
-1 197

e S8

S6

[V

L I
.

po

- W

-

¥

W

-
VIS SOOIV VIOVOVOVWESESIONPFOOOVONNSOOSOIVIOVINSNVYVS &

16

DEL
3
-2
p |
1
10
0
-7
5
-8
I
1
39
1
10
3
&
-6

1

H
1
2
3
5
7

-9
-8
-6

-

-4
-3
-2
-1
0
2
&

-9
-7
-5
-3
-2
-1
8
1
3

FOB
160
8
126
131
91
Kel=
16
159
161

145
76
180
38
162
138
140
KQLI
98
114
111
138
52
131
0
98
100

Kol ®m

-6
-4

84
78

Kelm

548
354
505

"7
“08

55
180
268

4“8
161

Kels

48
231
a7
231
86
Skl
79
386
96
469
164
596
105

383

S6 DEL
5 &
38 ~-18*
7 2
8 -6
10 -5
5¢ 7
48 -7
6 10
6 7
L1 -25%
7 =4
15 18
8 =5
%0 33
5 8
8 -7
T 10
5, 8
2% =190
8 ~18
9 =12
7 -1
17 16
9 12
57 =5*%
9 <=4
9 5
5S¢ 9
k0 22
27 12
6y O
9 =5
5 -7
8 1
10 3
7 -1
7 8
5 1
5 =1
27 11
8 -8
6be 1
33 20
6 p §
LS 7
& =2
3 3
b =&
7 8
b =4
h -2
8 -7
3 -1
11 =22
& -3

& &

VONRKRNI

18
11

-12
-10
-8
-7
-b
-5
-4
-3

-20-

Fo8
160
b2t
49
185
53
2kt
0
189
K.LI
184
200
367
L}
284
92
385
100
662
148
375
a7
b17
65
465
104
258
254

184
Kel=
45
160
52
303
285
265
523
347
il

613

51
228
285

169
Kol =
124
42
212
45
221
56
236
97
337

SG DEL H FOB
3 -1 -3 69
7 =7 =2 2580
8 =2 -1 8&
b 3 0 292

13 5 1 29
5 2 2 317

1 -10% 4 165
5 =1 6 231
6e 2 8 152
6 5 Kel®
S <7 ~11 168
7 =3 =10 &7

42 -26% -9 166
5 = -7 191
5 =4 <p ]
7 =8 <5 275
b 5 «3 206

11 =16 =1 274
b 0 1 247
6 10 2 81
3 -3 3 161
6 -3 & 38

11 -10 5 215
b =6 7 124
6 3 Kels
& <2 =10 154
& -8 -8 163

41 -36% -6 217
5 =4 =4 184
6e 3 =2 256

51 9 8 231
6 2 2 131

20 =2 3 0
8 =5 4 192
5 «b 5 35
6 =7 6 117
9 -9 Kol
5 b -9 123
6 & =7 143

29 =29*% -6 38
6 =2 =5 114

11 -2 =3 164
& -1 -1 168
5 -3 0 55

39 =24*% 1 93
5 1 3 136
6y & 4 33
9 3 5 82

58 9 KelLs
5 =2 =8 123

27 23 -6 92
5 ¢ -4 102

17 9 =2 99
5 4 g 62
6 <~6 2 89

6 -10 KelL®

c
NN SFMNNVIOW

o
SONO

(7

’
oy VIOONTTSEWESEOWNM

&
oO~NN
L 4

« -
NONOeOW

21

9
6
54
19
6y
11
13
10
13
26
11
6y

DEL H FOB
1 =3 53
0 Kels
-3 1 636
-2 2 127
-2 3 517
-l b 26
-2 5 516
-2 6 52
3 7 3467

5 8 7%

1 9 256
b1 11 238
-3 Kels
-h ~12 196
-40%-10 225
10 =S 0
-3 =8 258
0 -6 377
1 =5 17%
-1 =4 321
0 -3 &9
-2 <=2 433
2 =1 656
-9 0 385
b 1132

7 2 305
-3 & 392
-b 5 95
b} 6 216

0 7 0

2 8 19%
-1 9 b
=-21* 10 186
-9 Kel=
1% ~12 8
-5 -11 155
7 -10 25

8§ -9 173
-3 =8 67
10 -7 230
6 =6 45

3 =5 210
=5 =4 55
26 -3 328
-2 =1 325
5 0 8
25 1 226
=15 2 162
8 3 399
18 5 256
17 7 202
B 9 224
-3 10 ]
-19 Kel®
=1 <12 146
9 -18 227

PAGE &

S6 DEL
2k =22

’

(S

[
SFNSVIOVIGVIENOVIGOVIOVIOANN VNG

L

W
~ne
)

6 -3
L 5
b -3
5 3
bb -31°
Ty 3
7 [}
5 =7



o

©

STRUCTURE FACTORS CONTINUED FOK
INIDAZOLIUM URANYL CHLORIDE

H
-9
-3
-7
-6
-&
-3
-2

DRSO

10

FO8
62
384
40
280
h48

51

466
367

18

539
69
353
L3
2564

214

76
1480
Kolne
173
271
56
216
305

324

272

281

113
197
212
'S §
156
32
82
Kels
- 30
132
150
163
32
195
191
96
238
150
178
184
K'LS
146
73
190
180
198
2461
178
139
0

S6 DEL H FOB
15 12 S 165
S 0 Kol s
45 22 -9 0
5 -9 =8 134
8 -5 -7 O
16 &9 -6 136
9 -18 -4 189
6 2 -2 138
32 =29 -1 A3
7 -1 0 98
8 6 e 108
6 3 4 75
27 25 Kela
S =2 =7 76
S -6 -5 81
10 16 -3 98
& & -§ 91
Te & g 28
6 1 Kel=
6 10 0 18
20 11 1 158
S -1 2 476
6 3 3 3
6 =11 & 423
4 3 5 67
& -6 6 291
4 g 7 73
5 =4 8 280
S s 9 30
26 19 10 218
5 =3 Kels
37 -3 -11 172
12 -5 =9 268
7’ 5 -8 82
89 22 =7 257
8 -10 -6 23
6 3 =5 325
5 «10 -3 366
4% 25 =2 151
6 1 -1 296
7 =6 6 ao
9 -9 1 356
5 -9 2 0
6 -4 3 303
5 3 & 66
5 3 5 228
79 6 6 49
7 & '7.205
16 2% 8 &5
S =3 9 148
v5 -5 v,K’LI
5 2 -11 33
6 -9 =10 179
5 =3 -9 67
7 =17 <8 199
52

 -4% -6 251

F

’

’
Vs NVIDVIANAVINOVINOINVIO OO
. . °

[

(7 N
VIOV ON
-

18

8
 §
- 2
3 &0
4
5
6
8

-21-

Foe
315
293
53
362
- &0
339

304
64
305
197
164
K’Ll
175
218
299
347
370
81
428
83
377
22
310
93
315
54
224
0
144
Kel®

S6 DEL
5 =5
6 =8
9 7
5 7

13 11
5 =3

27 -7
b 1
9 1
6 2
6 -3
6 2
8, 3
5 =2
5 @
6 =7
6 -9
6 =19
8 -3
7 =7
8 7
6 -1

32 17
5 <6
6 <2
5 3

11 -13
5 5

52 -15*%
6 -5
8s &

10 0
7 -9

60 -32¢
7T =2
5 =6
5 =3

18 -7
5 5
& 1

12 16
6 1

11 16
6 3
7 12
8y 5

51 31

10 -14

45 5
6 12

2 1
6 =2

&3 =49
6 =8

L0 -33*%

Fo8
174

194

- 145
108

KelL=

136
164

53
191
218
210

238

225
387
110
298

52
294
361

5%
182
233
212

42
46

164

22
&2
L8
55

15

15

19
-2
-13

H FOB
16 98
K'LG
=11 140

160
146

-9
-7
-6
-5 277
-4 30
-3 202
-1 273
o 87
1 360
2 T
3 182
h 83
5 243
7 229
9 137
Kels
10 173
-8 191
-6 308
-l 243
-2 288
-1 38
8 401
2 245
4 286
5 52
6 225
8 135
Keob=
-9 153
-7 254
-5 215
-3 222
-2 37
-1 272

180

-6 153

-4 175

-2 195
-1 26
0 130
1 37

«~w &
FNVINVIN
©

>

[ o - G

VMMIS OO ~NOOWWVMNOOVMTWVMENNVINMIGCVINOOSOSE VIO S
(]
~

wn

=10
9¢ 5
12 16
7 =5
39 ~i1*
6 10
5 -3
7 =10
42 10
5 b
39 3

-
& -



-22-
STRUCTURE FACTYORS CONVINUED FOR

IMIDAZOLIUN URANYL CHLORIDE PAGE 6

H FOB SG DEL H FOB S6

7]
(1)
o
m
P

#H FOB S6 OEL H FOB S6 DEL H FOB

2 185 S 1 6 236 & 0 -3 96 10 1 ~-1183 6 -6 =3 168 7
3 58 26 -1 T 77 9 18 8 &5 &7 7 1229 5 -1 <=2 0 65
& 157 & -1 8 142 6 -4 Kels 11, O 2 52 19 6 -1 187 9
6 96 9 ] 9 0 46 ~-38% 1 229 & 2 3 183 8 -3 1169 5
Kels 9, 6 KeLs 10, 3 2 76 17 4 S 148 6 9 3 162 S
-9 131 9 5 =9 133 7 -1 J 175 & -3 6 59 17 &b 4 60 18
-7 122 10 5 =7 192 6 -6 & &2 45 -8 Kel= 119 5 5 63 19
-5 136 7 «17 =5 2&3 6 -3 $ 191 & -2 -8 131 9 1 Kels 12,
-5 0 46 ~11* -3 195 6 1 7172 5 1 =6 176 9 <-4 -6 116 13 ~19
-3 191 6 2 =2 56 15 46 9 130 7 8 <-4 173 6 <6 -4 198 9
-1 133 9 & -1 255 b 0 Kele 14 1 -3 0 52 -12% -2 130 8
1 168 6 2 0 62 12 &5 -8 198 5 7 =2 166 8 =2 =1 39 &5
3 126 9 -6 1219 & & <=7 4& 28 36 0 169 6 2 0 188 8
KeLe 9, 7 2 2250 16 -6 225 b6 -2 2 145 6 -6 1 28 38
-6 119 11 15 3176 & -1 -5 82 10 -3 3 %3 58 18 2 203 S5
~h 116 8 -3 & 0 &8 ~&41® -4 224 5 i 4 106 8 =5 4 116 15
-3 6 50 «33® S5 198 & 2 =2 278 6 ~14 Kels 114 b Kels 12, 5
-2 186 13 20 6 38 23 36 g 311 S5 8 -5 96 10 -3 -5 176 8 6
0 1146 8 0 7 119 7 1 1 55 13 3 <4 48 49 32 -3 126 10 -3
2 90 1% -2 Kel= 18, & 2 261 & 2 -3 88 11 1 =1 151 9 2
Kel®m 10, 0 -9 38 49 ~-14 b 262 & 5 =2 61 20 32 1158 8 9
8 261 6 2 =8 166 9 -9 5 18 40 -20 0 66 26 &5 Kebs 13, O
2297 5 =2 <=7 37 46 =15 6 226 & -2 Kels 12, 0 1198 5 6
&4 206 5 ~3 -6 187 6 -5 8 171 6 0 0 234 9 -12 2 63 14 21
5 0 &7 ~14% -5 45 35 9 Kel= 11, 2 2 133 6 3 3 128 8 ]
6 185 & 2 ~& 176 5 8 -9 185 6 9 3 46 21 28 5 177 6 10
8 220 5 2 =3 98 8 <-4 -8 &7 38 W1 4 146 6 5 6 39 64 1
10 125 7 7 -2 235 6 ¢ -7 242 5 18 6 196 5 8 7 125 10 b
KelLe 18, 1 0 192 5 -5 -6 51 28 11 8 108 9 0 Kels 13, 1
=10 37 &0 -22 2 183 S 8 -5 226 6 -1 Keb= 12y 1 =7 73 280 66
-9 198 6 S 3 35 &4 =17 <-4 36 42 -8 -7 194 6 1 =6 177 6 <&
-7 209 & 1 & 190 5 4 3249 6 ~-18 -5 185 S5 -1 -4 153 & 10
-6 82 8 -13 6 127 7 10 -1 286 6 8 -3171 5 <5 <2195 5 <5
-5 252 6 -3 Kel= 100 5 0 9 35 «2% =1 292 6 <13 <=1 22 &k =32
-4 70 10 8 -9 109 15 ~-18 1250 5 0 1237 5 5 0 228 6 3
-3 286 5 -2 -8 0 48 -8% 2108 5 7 2 &8 19 25 1 51 23 -3
«1 269 S -8 =7 159 7 <2 3 230 & 7 3 234 5 5 2172 5 6
0 175 5 -2 =5 14k 8 -2 5 186 5 6 4 &0 34 26 3 30 41 26
1 390 6 3 -4 &1 22 32 7 151 6 0 5 247 5 5 4 205 6 &
3285 & -1 -3 190 8 -1 8 70 17 24 6 0 &5 ~16* 5 48 30 0
5216 & 2 -1 176 b L Kels 11, 3 7 168 6 3 6 145 6 3
6 86 14 16 8 0 &40 ~39* -8 138 7 0 Kels 12 2 Kels 13, 2
7 252 5 3 1161 5 -3 -6 156 9 5 -8 200 6 7 =7 185 6 8
9 168 7 9 3163 6 =10 =5 45 40 -2 =7 57 22 37 -5 163 10 5
KeLs 10, 2 5 106 9 3 <=4 150 7 <-4 =6 205 6 -3 -3 197 8 2
=10 169 6 -1 KelLs 10, 6 =2 161 6 5 =4 207 6 5 =1 198 6 3
-8 1865 6 -6 -8 126 8 13 0 174 5 2 =2 274 6 1 8 43 33 36
-6 275 S 0 -6 117 8 -1 2175 5 -4 0 207 S5 <-4 1158 9 -1
-4 315 6 3 ~4 160 7 -1 o 129 6 <2 2 227 5 3 2 63 18 =7
-3 110 6 -6 -2 126 7 10 6 113 7 =2 4 197 7 ] 3208 5 11
-2 228 S5 ~-3 0 116 11 -2 Kel= 11, & 6 110 7 4 & 55 21 &b
0 345 6 1 2 139 14 3 <=7 146 10 -8 7 0 5S4 «16% 5 146 7 16
1 73 18 11 3 56 26 49 -5 198 6 -1 KelLm 12, 3 Kelm 13 3
2 297 & 0 Kol=s 3109 7 <& 16 45 <=4 -8 0 47 ~-11* -6 116 9 1
3 99 5 -5 =5 125 11 8 =3179 6 =1 =7 111 9 ~15 =& 162 8 <7
b 223 5 1 -6 058 ~-7% -2 52 31 1 -5 138 7 7 =3 43 &8 32



"

STRUCTURE FACTORS CONVINUED FOR
INIDAZOLIUM URANYL CHLORIDE

" W FOB
-2 143
0 146
-0
163

53
116

Kels
-5 130
-3 125
-2 47
-1 12%
1 164
3 112

Kelwm

FaunF,O

-3 36
-2 83

KoL s
0 184
2 193

& 179

5 53
Kel®
-5 151
-4 36
-3 166
-1 147
0 61

1 167

3 134
& 0
Kel=

- -4 131

-2 117
-1 0
0 149
2 138
. Kplm
-5 0
-3 144
-1 149
1 159

Kel®
1 147

: KiLl
e 0

.0 127

S6 DEL W FOB S6 DEL

9 -4
7 21
65 -22°*
6 8

26 39

7 11
139 &

9 -7
13 -10
51 12

8 -3

85 =3¢
14, 2 .
13 2
i0 ~i6
72 =-10*
T -2
8 4
14, 3
5S4 =47%
8 11
7 0

15, 0

15, 1
55 <6%

C=23-

PAGE 7

H FOB S6 DEL H FOB S6 DEL H FOB S6 DEL



%)

This report was done with support from the Department of Energy.
Any conclusions or opinions expressed in this report represent solely
those of the author(s) and not necessarily those of The Regents of the
University of California, the Lawrence Berkeley Laboratory or the
Department of Energy.




e
i

i —_—
F o=

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





