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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States -
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '
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The Crystal Structure of Tris—(2-aminoethyl)sminochlorozine(II) Tetraphenylboratel

By Rodney J. Sime, Richard P. Dodge, Allan Zalkin, and David H. Templeton

(1) Work done under the auspices of the U. S. Atomic Energy Commission.



- | . UCRL-199k1

The crystal‘sfructure Of tris—(z-aminoethyl)aminochlorozinc(II)
tetraphenylborate ‘has been determlned from an X-ray study of a 51ngle crystal

specimen. The monocllnlc cell space group P2 /c w1th.a = 13 T6%0. Oh

b = 10.33%0. 03, c = 20. 35+0 06 A and B8 = 95.0+0.2°, contains four formula

units; the calculated X-ray density is 1.30 g/cc. The'sfructure was refined

to a conventlonal R factor of 0.041 for 2193 structure factors._ The structure .

consists of a,Zn(CzHuNH NC& cation and a (C6H5)hB anion. The cation has

2)3
- approximate C3-symmetry. Within the cation the Zn atom is penta-coordinated

to one chlorineiand four'nitrogen atoms in a trigonalrbipyramidal configuration.
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In’&foduction

AL R s A o i

Although the coordlnat:uen mnnber flve is general:ly regs.rded ag an
unusual one for first-row trasns;t_mn met_a.ls, a steadily _:.-ncreasing number of
five—coordihe,"téd' c‘:ompleiés a.rebeing déscribéd' in the 1:"_t‘.erati1r‘e.b In
particular, the quadridentate ligends, tris(a-dimethy;amiﬁoéthyl)amine and v
tri_s(2—aminoe£hyl)amine a.pp.eai"to form a veriety of fivé-é_oordinatéd complexee;,
with the first;-row transitién‘x'ne'tai ions from manganesé(II) to zin&:(II:).

These ligands are more convenie'ntly .desvignatied Megtren and trénv,; réspéétively.
In general, these may be’ forﬁnﬁlafed as [MII(Meetrén)X]Y,'.of [MII(tren)X]Y.
Thebre.lative‘ éﬁéibility of fi&e,-éqéi‘&inatioﬁ among these metals is favored in

the order (Co, Cu, Zn) > (Fey Ni) > Mn, 2 ‘Bééause of the increased bulkiness

(2) M. Cismpolini and P. Paoletti, Inorg. Chem., 6, 1261 (1967).

Pt TN

of Mestren, it--for’ms more stable five-coordinated complexes than tren.
Megtren complexes haVe been described, for which M = Mn Fe, Co, Ni, Cu and Zn,

and for which X = Y = C1, Br, I, NOa, and 01ou.3 4 Much physical evidence,

(3) M. Cismpolini and'N. Nardi, Inorg. Chem., 5, 41 (1966).

(4) M. Ciampolini and N. Nardi, Inorg. Chem., 5, 1150 (1966).

including coﬁductivity, spectral and m_ég—netic measurements, indicated that
these complexes are five-coordinated. In addition, c_r'ysta.l structure detér- _
minations of [Cxi(tre,n)(l\ICS)]SCN5 and [-Co(Meatre‘n)Br]Br6 reveal that the copper &

(5) P. C. Jain and E. C. Llngafelter, g_ Am Chem Soc., 89, 72h (1967)

(6) M. DiVaira and P. L. Orioli, Inorg. 6 955 (1967)
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and cdbdltiions are indeed five~coordinated, andﬂsitugted*neafly,at”ﬁhe center
of a slightlyidiétorfed trigohai'ﬁipyramid. A recent repbrtz“én.the'structure

(7) G. D. Andreetti, P. C. Jafn, and E. C. Lingéfelter, J. Am. Chem. Soc.,

91, 4112 (1969).

of Zn(tren)(NCS)(SCN) also shows trigonal bi@&ramiﬂal‘symmetry.
More recently, a series of complexes haVe_beengprépareﬁ, [Zn(tren)X]Y,

for which X = C1, Br and I, and Y = X, ZnXs, and B(csng)q;a ‘We report here

(8) L. V. Interrante, Inorg. Chem., T, 943 (1968).

~ the crystal stfucture of the five—coordinétéd complex| Zn(C2HuNH2 ) sNC1]B(CeHs )u .
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Experimental Section
Dr. L. Vl'Interranté kindly.sﬁppliéd us withusome weil;fotmed, cblorless,
prisms of [Zn(tren)Cl]B(C6H5)h, whlch.were sultable for the gtructural analysis.
The determlnatlon of the space gr@up and cell dlmenSLOns was made using the

precession technlque and molybdenum radlation (Mo Ka = 0.70926 Aj ,A -

1,
General Electrlc XRD—S X-ray dlffractlon apparatus equlpped w1th a molybdenum
X~-ray tube, a 301nt111at10n counter a pulse helght dlscrlmlnator and 8
_quarter—circle Eulerian—cradle type ofvgoniostat Was_used to collect the
intensity data.é The'X—ray tube'was opératéd'at L5 kv and 2O ma; a 0.003 in.
thick Zr flJter was used on the recelv1ng sllt The crystal was orlented such
that the ¢ axis was parallel to the ¢ axis of the 1nstrument |

A total of.2692 1ndependent intensities were measured, of which 233 were
recorded as having zero iﬁtensity. A‘stationary-crystalg_stétionafy—counter
techﬁiqu@ witﬁ a'id—éec; count foi every refleétion was'ﬁsed. The diffractometer
was set ét a ﬁb téke;off énéie to fhe‘tubé. Thévmaximu@'ZQIangle was 40°
[(sinB) /A = 0. 596]. Background was plotted as a function of 26 and these
values ﬁere‘ﬁsed for ﬁost'of the intéﬁsitie;§ in the cases where backgfound
was seriouslyfaffected by Streaking, individusl backgrounds were measured. The
absorptibn paﬁameter is 9.9 cm_l, and gives an estiméted ﬁR~1.0 for the crystal
used. .Lorentz And polarization corrections were made, but no correction was
made for eithéf absorption or extinetion.

Fouriér, 1east—squéres.and distance calculstions were performed using our
own unpublished‘programs. Thé'fullwmatrix least squares program, which is a
modification of an early unpublishéd‘vérSionmof one givén ﬁéﬁby‘P. Gantzél;
R. Sparks, and K. Trueblood, minimizes the function Zu( [»go | == l»gc' [lz/z»_rr_ﬁ ;

a.nd,_E_‘c are the observed and calculated;structure factors respectively, and

" F
=
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v is the weighlng factor. Atomic Scattering factorsg_’lov, for neutrsal zinc,

(9) 'D. T. Cromer and J. T. Wabéf‘,‘ Acta Cryst., 18, 104 (1965).
(10) R. F. Stewart, E. R. Devidson, W. T. Simpson, J. Chem. Bhiys., 42, 3175 .
(1965).

chlorine, boron, carbon, nitrogen, oxygen, and hydrogen were used. Both the

real and imaginary parts of the anomalous dispersion for zine and chlorihell

(11) D. T. Cromer, Acta Cryst., 18, 17 (1965).

were included in the least vs.tiu'ﬂares' calculations. For each.. reflection w was
set to 1.0/62(3_6) with the exception that w = 0 when I(net count) = o(I).
The standerd deviation of the obéerved structure factor was telculated as
l/z'wher,e s is a scaling factor, = (SI/Lp)l/?,
2 2,1/2
)>7e,

e (52 :
o(E,) = £, ~(E, - so(T)/Ip) ,
and Lp is the Lofentz—polari'za;tic')n‘ correction. oO(I) = (I.-+,p2I + 2B+ q

T
~0 el

where p is a fractional uncertainfy in I, B is_"‘bhve béc_kéi-ound, and q répresents
an uncertainty in the background; p was set-to.o.oh aﬁd"q to 12.

The monoclinic unit cei'l contains four formuls units and has cell
dimensions; ,g_='13.76io.oh, b = 10.33%0.03, ¢ = 20.35%0.06 ‘.l’x, and B = 95.0%0.2°.
The extinctiogs observed_wére cons»iste'nt with spsace group P21/ ¢. The density

- calculated from the X-ray data is 1.304 g/cc. The crystals were observed to |

float resdily in carbon tetrachloride (4 = 1.58 g/cc).
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Trial coordinatee for the'Zinc-and_chlorine etome were'derived from the
Patterson furiction. A three”dimeueional-electron densityrmaﬁfrevealed the
locations of the remeining 35-nonéhydrogeﬁ atoms. Three'cYcles of leest.‘fe
squares reflnements w1thclsotropic temperature factors. of the form |
exp(-BA~ 31n26)vgeve a value of_B_— 0.12, where R= Z[Agj/i[gol and

[F | - ]F | Several more cycles of-le'a.st-squeree _celcuzations with

anisotropic thermal parameters reduced R to 0. 077 The-enisotropic temperature

factors have the form exp(—éilh §22__ §332 2§1 ‘h2+2§23g&). In
reporting the thermal perameters below we have converted 'ij_to Bﬂj-which is

#* *»
in units of A the relatlon between these two quantltles is hﬁ&ﬂ.— 8, ai

where e: is the 1th reclprocal axls | All the hydrogen pOSlthHS were
located from e drfference Fourler and 1ncluded in the least squares refinemeuts
with isotropic tempereture.factors. | -

Due- to tﬁe‘limitationvof tuetmemory siie-of'our'comﬁuter,.~120 OOC words,
it was necessary to divide the structure 1nto two parts and reflne the two
parts alternately_ Ve arbltrarlly d1v1ded the structure 1nto the catlon and
anion and refihed one group whilé the bther.was kept fixed. All atoms with'.
the exception of the hydrogen atoms were treated with anlsotroplc temperature
factors. For the very last 2 cycles of reflnement the scheme was changed
and the parameters of all 37 heavy atoms were refined in one pass; end the 40 -
hydrogen atome‘were included but not refined. No positional parameter shifted
more than 8%‘of'its standard deviation. The final R value for 2193 uon—zero
welghted deta is 0.041, and- Q. 059 for all 2692 data.» ThevWeighted R value,

(Zw(AF) /E F 2 1/2, is 0.0k40. . The standard devietlon.of an.observatlon of

unit Welghi»ls 1.02. The observed and calculated structure factors are glven



5/

- R UCRL-19941

in Teble I. The final positional parameters of the heavy atoms are listed in
Table IT, and. the corresponding anisotropic thermal parameters in Table III.

The positional and thermal parameters for hydrogen are listed in Table IV.
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| TABLE I
_ OBSERVED AND CALCULATED STRUCTURE FACTORS FOR

Tﬂlsf(2—AMINOETHIL)AMINOCHLOROZINC(II) TETRAPHENYLBQRATE&'

27ero weighted "d'é,t‘z_a, are indicated with’ asterisks.

i
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UMSERVED AND CALCULATED STAUCTURE FACTORS OF TRIS-(2-AMEINOETHYL)AMENOUHLOROZINCICE)TE (RAPHENYLBORATE.
FCALO.0,0) = 4768
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3 166 187 4 160 139 9179 tto -2 312 307 11aT 1he L 282 244 1120 127 -3 88 T8 -3 121 125 Relw 4, (7 6 0 60 & 0 120 -2 26 2Ie ks I, & 0 %9 43
4 272 219 S 16 1UB 10 230 233 -1 51«2 2 140 153 7 433 455 Z 138 183 7 -1 26 Ts -p 124 12} 160 6
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7
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209 216 7 164 153 T a2s 126 7140 the

12 63 32 -5 47 35 -8 99 108 3 65 66 ito 116 10 0 K4* 10 53 39 10 41 31 s 162 165 -6 178 18Y -9 10% 111 T 106 98 0 36 23 -7 &Z 33
1330 16e -4 783 296 =7 184 171 & 131 130 190 194 KL= 2, L1 L1l 82 80 Kyis 3, 9 T t99 197 -5 35 36 -8 &l 138 Ket= 6, 11§ 140 145 <6 S0 37
Kelv 0, 2 -3 53 23 -6 1T 13 5 31 33 35 33 <11 59 54 12 8) 82 -t 31 33 8 15 T -4 219 212 -1 64 63 -8 1A0 135 2 96 102 -5 63 oH
S13 66 43 -2 115119 -5 334 336 6 21 19+ 114 116 =10 85 71 K= 3, 2 -10 40 & 9 104 102 -3 122126 -6 0 L =T 82 B2 3 &% 42 =& 55 3%
-12 161 fod -l EBZ 179 -4 309 302 7 83 12 1l »2 62 -9 82 80 -12 112 LT -9 38 33 L0 166 185 -2 0 22¢ -5 64 63 -5 4D 45 & 65 &5 -3 61 70
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-4 iB6 IA4 Kel= O, I8 & 87 93 -5 37 60 6 168 155 3 33 38 2159159 -5 &2 63 5 O LI
-1 102 99 -6 30 28% 5 149 156 -2 n 7146 106 4 82 82 3 72 BO -5 1al A3 6 59 49
-2 193 190 -5 H) b6 & 83 IS Y 0 e 8 40 34 5 127 133 4 92 92 -4 M 22 Keix 8, &
Sl o495 386 =4 50 &4 T 14l 1)@ -2 a8 87 9 168 155 6 179 177 5 40 W -3 139 135 -7 84 68
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TABLE IT |
* POSITIONAL PARAMETERS OF THE NON-HYDROGEN ATOMSZ

ENumbers in paréntheses in this and subsequent tablesfaré estimated standgrd"

deviations of fhe last digits.

N4



ATOM X v

7

IN .153531(4) . 05548(6) .09666(3)
cr. L0476( 1) =.1178( 1) = .08697(7)
N1 «2522( 3) .2384( 4)  .1078( 2)
N2 J1915( 3) L.0569( 5) . J1992( 2)
N3 W26611 3)  -.00020 4) . .0443( 2)
N4 - . «0580( 3) 219671 5) 06130 2)
NS .2893( 4) S2481( 6) - L1790( 3)
-2 <2151( 4) .1902( T .21956( 3)
c3 .1880( 5) «3479( 6). .0858( 3)
ca .1093¢( 4) .3057(.6) . .0363( 3)
cs - .3299( 4)  _.2155( 6) 06600 3)
C6. .3548( 4) - J0743( 6)  .0631( 3)
B - L7365 4) 28741 6) L1185 3)
cil 662111 3) L35T30 5) . L166T7( 2)
Ci2 L 62800 4) 22996( 53 . ..222L( 3).
- Ci3 C 256931 4) - .3643( 6) 22623( 3).
Cl4 54031 4) -4883( 6) 224921 3)
c1s .5740( 4) .56499( 6)  .1962( 3)
Cle «6343( 4) L4851 6) - .1564( 3)
ca21 842461 4)  .3476( 5) J1446( 3)
€22 .89381( 4) . .3038( 5) - .2031{ 3)-
€23~ .97T6( 5)  .36220 8) .2312( 3)
C24 1.0104( 4) L4TL8( B) - .2038( 4)
c25 - +9639( 5) .5192( 6) o 14661 &)
c26 8821 4) L4576 63 7 -.1191( 3)
C3t C .T7288( 4) 212921 5) - J12240 2)
€32 0 .8069( 4) 0441l 6) 12671 2)
€33 7955( 4) -.0911L 5) = .1245( 3)
C34 . L705T( 5)  =.1447( 6) <1720 3)
35 .6251{ 4) -~ =.0659( 7)  .1119( 3)
€36 L6381 4) .06T3( 6) 11420 2)
C41l . 7065( 4) .3208( 5) 04061 2)
C42. JTT261 4) 3092 5) .—-.0076{( 3)
- C43 2 7460( 5) «3247( 5) —.0742( 3)
' C44 L .6522(.6)  .3544( 6) -,0949( 3)
Ca5 1 .5839( 4) -36841 T) -.0512( 3)

C46 L6120 4) -3487¢ 6)  .0155( 3)
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TABLE III

ANTSOTROPIC THERMAL PARAMETERSS

- . S o Ca ‘ C D
 Znits of these parameters are A2’ as described in the text.



ATOM -

IN
CcL
N1

N2

N3
N4
Cl
€2
€3
Ca
C5
Cé6

Cl1

c12 -

Ci3

Clé

Cl5
Cl6
c2l
c22
C23
C24
€25
C26
C31L
C32

€33

C34
€35
€36
cal
C42
€43
. Ca4
€45,
C46

811l

3.75( 3)

4,44( 8)
4.47(26)
4.43(24)
4,75(25)

U 4,49(25)
5.42(34)

5.52137)

T 6.87(41)
5.90(36)
5.41(38)
4.59(32)

3.11(34)
2.791(26)
5.53(35)

6.57(38)

4.60(32)

5.62(32)

4.34(30)
3,48(28)
4.32(33)
4.61(039)
3.35(32)

4.72(36)
4.01(31)

2.86(28)
3,46(29)
4.56(36)
5.91(38)
4.45(34)
3.25(31)
3.11(28)
4,95(32)

6.06(39)

7.87(46)

4 L8T(36)
3,96(34)

Be2
3.67(0 3)
4. 7T9( 8)

3.94(26)
6.30(30)

4.32(26)
5.06(28)
4.36(34)
7.30(44)

4.09(36)

4535(3%)
5:34(42)

'5.30(37)

2:55(34)
3.19(32)

3.92(33)

4.53{38)
5.10(38)
3.82(31)
3.65(33)

3.06(32)

3.94(32)
T.34(47)

. 6.78(48)
" 4.93(39) -

4.57(36)
3.41(29)
3.38(32)
2.88(36)

3.46(33)

4,17(38)
3.68(35)
2.68(27)
3.31(29)

3.77(32)
4.89(36)

8.78(46)
6.36(39)

B33

3.29( 3)
4,600 8)
" 3.92126)
3.89(24)
3.91(23) .
C4,60(25)

5.08(35)
3.54(31)
5.90(38)
4.83(33)
5.04(34%)

4,34(30)

3.51(33)

3.13(29)
4,58(33)

4,49(34)

3.621(31)

4.26(031)
3.70(29)
2.98(28)
4,18(32)
3.89(33)

7.03(46)

T.16(42)
T4, 16(30)
2.86126)

4.05(29)
4.36(30)

3.96(30) -

4.82(32)
5.10(32)
3.75(29)

2.76(29)

3.16(34)

2.67131)
4.54(38)

4.,32035)

B12
-.09( 3)
=961 7)
-.61{(22)
-« 63(25)

~e62(21)

-.79(22)

2 16(29)
1.041(33)

e 56 (33)

2961{30)

~1.80(31)
.29(30)

Te22126)
S« 181(24)
.611(28)
«381(33)
.86128)
1.96(31)
«68(25)
+981(25)
+121(28)
«50(35)
-+ 80(34)

~.T77(32)

-.56(30)

-.06(27)
004(27)

.95 (26)
«11(35)
-.64{32)
«10(27)
.03(23)
. 16124)

-.22129)

v'.l1(35)
44 (34)
. 55(30)

B13

- «29(0 2)

10 6)

C.T6(22)
C.29(18)

«731019)

e 241200
.10(29)

-.T741{27)
«39(31)
-.261(29)
223(29)

1.01(25)

051(26)
«11(21)

1.93(28)
2.29(29)

«10{26)
1.02(24)
J661(24)

$92(26)

L24128)
-08(32)

L67(32)

T e61121)
044(22)

—.061(25)

.6B8(28)
1.25(24)

C1.17(23)

L061(25)
«551(25)
L86(27)

~.69(34)

-.99(31)
«40126)

|
I W=

B23
.05( 3)
0250 1)
—.16(21)
191024
—.60(19)

P -eB4{22)

-.80(28)
~1.67(31)
«8503C)

L75029)

+29(29)
-.51(28)
69026}
.09(24)
.38(29)
L67130)
-.74127)

.15(30) -
-131025).

-19(23)
«30(27)

.30(38)
-37(34)

LJ10029)y
Sla(22)

|

'

.02126)
«54{23)
«60(25)

N

«23(26)
L241(22)
.la{23)
.09(25)
«34(27)
. 01(34)

!

.33133)

.13(28)

L66(28)

-€1-
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TABLE .IV

UCRL-199k1

POSITIONAL AND THERMAL PARAMETERS. OF THE HYDROGEN ATOMSZ

. %nits of B a._re?k?'.

'
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ATOM -

H1

IIIIIIII_IIIIIIII_I

X I X

N2
N2
N3

N3

N4
Cl

Cl
c2
€z

C3
C3
C4
Cé
c5
cs

cé

Cé6
C12

Ci3
Ci4a

Ci5
Ci6
€22

€23

€24
c2s
c26
€32
C33
C34
€35
C36
€42
C43
Cah
C45
C46

X

L1407(45)
L2434 (37)

«2813(48)

22538(34)
.0190(30)

.0268(39)
+3501(32)
- «3047(32)

L2371(26)
L1530(37)

21577(42)

»2303(32)

.0603(31)

L JL357(37)
©.3134(34)

.3855(33)
.4036(36)
<3604 (30)

.6554(36)
25559(33)

W 49681(33)
L +5592(32)

L .6581(32)
.8689(26)

1.0039(39)
1.0634(37)
"~ +9840(41)

.85211{31)

+87T451(35)
+8489(32)
.6967(34)

1 ..5595(34%)

.5857(30)
<8443 (31)
.7955(35)

 .63891(33)

.5212(41)
<5665(32)

-

<0337(63)

.0149(51)

-.0843(68) .

«0063(47)
.1559(41)
«2122(56}
1953 (43)

«34831(50)

«1950(36)
02342(50)

L 3727162)

«4095{47)

«3807(44)

.2804(55)

02423049}
.2706(45)

.0611(50)

L0517(43)
L2131(51)

«3213(46)
05346 {47)
26387048}
«5363(45)
»2291(38)

«3329(54)

«5036(51)
«5909(59}
24956(42)

.0716(4T)
-e1457(46)
~.2314(51)
-.0982(43)

«1149(41)
«2827(40)

-316T7(48)
T «3613(46)

«e37411(55)
»3600(44)

7

.2152(30).

«2071(25)

.0510(33)

.0034(24)
.0354(20)

.09391(26)

.1868(20)
.1895(22)
02609(19)

«2140{23)

«1212(30)

L0715(22)

-0266{21)
-,01391(27)
.0226(23)
.0799(20)
. «0325(24)
«1049(22)
.2282(23)
«3022(24)
.2768(22)

.1871(22)

.1200(23)
£2179(17)

.2753(28)

«2186(25)

.1239{28)

.0837(21)
«1326(22)
.1311(21)
L1187(22)

.1009(21)

S1115(19)
«0018(19)
-.1048(25)
-.1392(25)
-.0661(27)
.0408(22)

 UCRL-199kLT

4.0(13)
3.6(14)
3.8(13) -
.3010)
6.7(18})
4.2(17)
6.4(20)
2.3(13)°
4.1(14)
3.0(13)
3.5(15)

S 3.1(13)

1.6(12)
2.5(11)
5.3(16)
3.9(14)
5.8(18)
2.5(13)
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Descrigtion of the Structure

In the cgtidn, the zinc is_surroundéd by four nitrogéh atoms, from tﬁé
‘tren mOléqule,baﬁdxoné'chlorihé atoﬁ. A view 6f the ét%ﬁcfﬁie down the CZ—Zﬁ
bond, revealsrfheihearly thrée—fold symmétryvof thé cbdfdinated tren molecule
'neatly'poiled abéﬁf the zinc atom (Fig. 1). .The zinc;étém lies 0.38‘1 out of ~
the plane of thé_fhree nitrogen atoms (N2, N3, and Nh)ft@wérds the chlorine
atom. The CQfZﬁ-Nl angle is 176.h£o;2° and indicates somé of the deviation .
froﬁ true Cg symﬁefry. It is of intéreéflfobnofe thaf'théfN(l)-Zﬁ-N(S)‘éhgle
reported'in Zn(ﬁfen)(NCS)(SCN)T‘is i76,8?0}2°.v The Zﬁ;cgldiéténée of 2.308 1;
is well within the range of distances, 2.223 to 2.358 2, reported in the

[CO(NH3)6][ZnQQ;]q£ structure. 2

(12) D. W. Meek and J. A. Tbers, Inorg. Chem., 9, 465 (1970).

~ Some of thé‘dimenSions of the tfen—Zh caf;oh are shoﬁﬂ in Table V. The
él—Zn—Nh angle;iéiobserved to be Sméller than the compérgble'angles'fdr .
Cl-Zn-N2 and lezn—NB; this anomaly is probable due to pécking conditions. -
Similar deviatiohs may bé observed in the structures bf'ébmplexeS'of tren with
Cﬁsland Co-§

The dimensions of the tetréphenylborate énion are shown in Table VI. Its

structﬁre and pqsition felative to one of its cation neighbors ig shown in
Fig. 2. The molecular pééking can be described iﬁ'ferms}of a distorted sodium

chloride type structure. The positions of the bulky anions are near a cubic-

closest-packing Based on & pseudo-cubic pseudo-cell with axes a, b + 3/2,

b - c/2. The cations are in octahedral holes in this anion packing, as in the

sodium chloride structure, with atoms N1 close to the centers of the holes.
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Table.VZLi show the interatomic d‘i.stanc.es‘ to hy*drog_eh in this structure.
The averagé ﬁ;H'and distancé is”0.85 Z,'and the'averaéé'C;H distancé is 0.95 3.
As is geherallY’the éase in X-ray structure_déterminationéfinvolving hydrbgén;.
these distances‘ﬁetweén the cénters of gravity of elebfféh clouds tend to be.
shortér by aﬁout:a tenth of an angstrom from the genefaily accepted values for

the internuclear distances.



Atoﬁéi

Zn-CL

Zn-N2 :fl

Zn-NAL,
N1=G1

N1=-C3

C£~Znaﬁf
'C£;Zn-Né 
_c£~2g;N3 _
- 'C'?,-z:i...N/, :
.N1-zn.N2“
N1-Zn-N3
,'Nx—Zn;N& 
N2-Zn-N3
_N&mhm;
N4=Zn-N2.

Zn=N2=C2

Diet,

2;368(5)

2.325(7)

2,068(7)

2.063(7)
© 2.065(6)

1.498(8)

1.482(7)

Angié

176.4(25
102.1(2)

103.0(3)

97.7(3)

79.6(2)
79.0(3)

73ﬂ7(3)

113.3(3)
118.9(3)
1&2,2(3)

108.7(§)»'

i

N2-C2-C1

 CaeNiezn

TABLE v

‘Atomsr
N1-C5
N2-C2

 N3-C6

NG-C4

m-c2
C3-C4

f_'cs-C6 .

Zn-N3-Cé

Zn-N4-~Cl,

N3-C6-C5

N4=CL~C3
C6RC5=N1
C2-C1=N1

C4=C3=N1

' C1=N1-Zn

C5-N1<Zn’

o Dist.   »
1.444(8)
-7.469(8)

1,466(7)

T, 4&6(7)
j1 496(8)
1.476(8) 
1f1'501(9)

'Angle  .

:} 111 2(4)

_155.0(5)
C111.5(4)
108.6(5)
_  111.3(5)
3'166§2(§)
1105.5(4)

106.1(4)

UCRL-19941

INTERATOMIC DISTANCES (X) AND ANGLES (DEG) in the Zn(CzHANH2)3C£ ion

 111.4(4)-
1~1§9.4(5)
:111.1(55

N
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INTERATOMIC DISTANCES (R) AND ANGLES (DEG) IN (CgHs), B

~ Atoms
“B-C11

' B-C21

B-C31

B~C41
__d1i-C12
C11-G16
“€12-013

C13=C14

 C14-C15

C21-C22

621-C26

C22-C23

©23-C24

C24~C25

C25-C26

- £31-032

C31-C36

“19-

‘TABLE VI

 Dist,
1.646(8) y
1.631(9)
1.64i(9)

1.641(9)

1.392(7)
1.386(8)
1.373(8)
Lam(w
1.367(8)
1.383(7)
1.405(8)

1.382(7)

1.381(8)
1.358(9)

1.369(9)

1.370(8)

v1.386(7)

1.399(7)

Atoms

€32-C33

033-C34,

034~C35

035-C36

C41-C42
C41-C46
C42-C43
C4,3-C4s,

- Ch4=CL5
C45=CL6 -

C11-B-C21

C11-B-C31

C11-B=C4 1
C21-B-C31

C21-B=C41

C31-B-C41 -

Dist.

1.406(8)
1.350(8)
1.573(8)
1.389(8)
1.400(7)
1.385(8)
7 1;;80(85
1.359(8)

1.357(8)

1.392(9)
Angle
- 102.9(5)
J115.3(5)
'115.5(5)

115.1(5)
 112,1(5)

- 104.2(4)

UCRL—199h1



' HYDROGEN INTERATOMIC DISTANCESZ

Atomé

N2 - HY
N3 - Hi

N, - H1

C1 - H1

C2 - Hi

C3 - H1

C4 = HI

C5 - H1

-

Dist.}
10,83
0.84
0.90’
0.84
0.83
0.84
1.00
1.08
0.86
0.97
0.90
0.93
1.04
1.14
‘.0;93
0.98

0,96 -

0.92

oo

TABLE VII -

Aéomsf
12 -
c13 -
Cl4
c15
€16

c22

C23

o
c25
c26.

€32

€33

C34

c35

€36

C42
C43
C44

- C45°
CL6

e o]

=]

ooom o

"

.

Dist.R

‘ﬁo.97
0.9
0.98
0.95
099

0.91

0099 !

0.83
0.93
0,89

0,97
©0.93

0.91
0.97
0.87
1.03

1.00

0.91

0.89

0.85

UCRL-19941

&The estimated,standard deviations. of these distancesrbased on the least

o
squares results are *0.06 A.
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Figure 1:

Figure 2:

»-_-21- L : UcRL-199hl7”

Figure Captions
The Zn(CQHhNH2)3NC£ cation drawn to indicate the nearly 3-fold

néture of the cluster.

Structure of the anion and its relation to one of its cation

neighbors.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or-for damages
resulting from the use of any information, apparatus, method, or

. process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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