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The synthesis of M[A12(CH&N03] (M = K”, Rb+, C$, N(CH,)d, N(C,H,)d) 
has been accomplished by the addition of stoichiometric ratios of trimethyl- . 
aluminum to the ccrresponcdng nitrate salt in benzene. For M = alkali metal ion, 
the compound is an air-sensitive solid, while for M = tetraahsylammonium ion, - 
it is an extremely air-sensitive liquid. The crystal structure of K[A12(CH&N03] 
has been determined from single-crystal X-ray diffraction data collected by 
counter methods. The substance crystallizes in the monoclinic space group 
E&/n with lattice dimensions a 7.975(8), b 24.512(12), c 14.601(10) A., 0 
100.55(8)” and pcalc 1.17 g crnm3 for 2 = 8. Least-squares refinement gave a 
final conventional R value of 0.103 for 411 independent observed reflections. 
The nitrate ion bridges the two trimethylahuninum units together via two 
separate oxygen atoms. There are two formula units in the asymmetric unit, 
and the two independent potassium ions differ markedly in their environments. 

K[Al(CH&NOJ - C&Z, was obtained by the addition of dibenzo-18-crown-6 
to the liquid K[A12(CH3),N03] - 7.0 C&I+ The compound crystahizes in the 
orthorhombic space group EZIZIZ1 with unit cell parameters (L 7.716(4), b 
9.855(5), c 18.375(5) A, and pcalc 1.20 g crnm3 for 2 = 4. Least-squares refine- 
ment gave a final R value of 0.044 for 809 independent observed reflections. 
The nitrate ion is coordinated in a unidentate fashion to the aluminum atom 
at an Al-0 separation of 1.930(7) A. The potassium ion is symmetrically 
disposed over the benzene ring at an average K-C distance of 3.33(6) A. 

Introduction 

The results of structural studies of anionic organoaluminum compounds have 
been recently reviewed [ 11. From the synthetic standpoint the emphasis has 
been on the incorporation of new X ligands into the l/l, M[AlR,X], and 2/l, 
M[Al,R,X], complexes. In particular, the interesting thermal stability of organo- 
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m&alli~ coinpqm~ $l@fi jncorpor@e ce@a.hi -high-oxygen eontent Iigands has 
been reijOr&d [&2], These studies ~~~~d~,i-Jie.s~~t~~sis-__d:;cryS~-stri;ctiur~ of 
_&_&thy_ ._ 

0nllJ.k EiS~tati~~~y~alum~~t~; [Is{&&] [&(cjH3),CH3coo-J 
[lf , &td.a’&ort re&$t~of ~th&olution beh&ox of the 2ji nitrate complexes [2] :.. 
We n6w’wish~ko @&ent% full acctiunt -of ihe ‘&!paration of the l/1 and 2/l 
coinpl~xes &sed tin:tbe &rate S&rid; and to reveal the &y&al structures of 
-K[M,(@J,N~$]_and K[Al(CI& j3N03] ; C.&H& 

Experimentat’ 

mo2. of alkali metal nitrate with- O-02 mol of trimethylaluminum m 0.20 mol of 
benzene. Although the formation of the liquid l~yeringcharacteristic of the 
presence of the 2/l complex was noted immediately, complete reaction Was not 
accomplished in less than 24 b. However, the heating of the reaction mixture at 
600 C for 1 h produced in ah cases the maximum composition liquid da&ate: 
K[A12(CH&N03] - 7.0 C,s4;, RbtA&(CH&NOJ - 9.4 C,rr,, CsEAl#ZH&NOS - 
12.0 C,&. AlI three of these substances are unstable with respect to I, but de- 
corkposition as in II has not been observed, 

M~~~~CH~~~NO3~ - ~$HG 
# 

M[AI,(CH3),N0,] +-n C.&H6 MEWCH&NO,] * JWCWs * n C&k 
<I) <w 

Th& cbmposi&~_ of the iiquid clathrates were deduced from NMR integra- 
tions, and that of the crystahine, colorless, air-sensitive 2/l parent complexes, 
from X-ray diffraction studies and elemental analyses. (Found: C, 21.6; H, 5.5; 
Al, 15.6;N, 42. C,H,&I&sNC& &cd. C, 21.2; H., 5.3; AI, 15.9; N, 4-l%.) 

The. pkeparation df the compiexes for M = N(CH,),* or N(C,H&+ differs in 
two respects. I&&, the reaction of NR4N0, with 2 Al(CH& proceeds vigorously 
to the formation of the maximum composition liquid clathrate at room tem- 
~erature in the: presence Of arhnatic ‘solvents: [N(CH&] ~A&(CH&NO,] - 7.8 
C&H, and [NfC,H&] [A&(CH&NO,] * 9.8 C&II. Second, the 2/l complexes 
themseIves are liquids. * 

Caution must be er&+Wi when dealing with MEAI,(CH&N03]. The maxi- 
mti’aromatic composition liquid cIathrates (i.e., K[AI,(CH&NO,] - 7.0 C&I&) 
decompose hi the presence of o+ygen or water, but in a mild fashion. However, 
for’M f Hf, Rb+, or Cs”, the parent 2/l cdmplex wiII burst into flame upon 
exposure to air. For M = N(CH3)4* or NfC,H&*, the problem is more severe 
since the parent complexes are liquids: these compounds burst violently into 
flanie upon exposure to air, and are comparable to t&nethylakminum in this 
respect. In tbe absence of O2 or E&O, the compounds are stable indefinitely at 
room temperaturT,_and may be heated to approximately 100” C before any 
sign of decompoarkon is noticed. 

3[A&XS&W3J~ - C&Y6 
The formation of this compound was accomplished by the addition of 0.01 

mol of dibenzo-l&r&m-6 to 0.01 mol of K[A13(CH3)6N031 - 7.0 C,&. 
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TABLE1 

CRYSTALDATA 

KCA12CCH3)6NO31 KCAl<CH3)3N032 - C,5Hg 

Crystal system 
Space group 
Mol. wt. 
a 

b 

; 

CeIIvolume 
Molecukslunitcell 
Cakdensity 
Linear abs.coeff.. p. 
Max.crystaIdimessions 

monoclinic 

=1/n 
245.3 

7_975(8)A 
24.512(12) B, 
14.6Oi<lO)zk 

100_55(8)A 
2806.2_K3 

8 
1.17 g cmT3 

4.06 cm-l 

0.25 X0.25 X0.50mm 

orthorhombic 

ml2121 
251.3 

7.716(4) A 
9.855(5)A 

18.375(5)x 

1397.15_&3 
4 
1.2Og cm-3 

3.46 cm-l 
0.20 X 0.25 X0.28 nun 

X-Ray data collection and structure solution for K[Al,(CH,)JVO,] 
Single crystals of M[A12(CH3),N03] proved exceedingly difficult to obtain. 

Approximately twenty crystals of the cesium salt were placed on the diffractom- 
eter, but all were twinned or multiple. Ten of the rubidium and twenty of the 
potassium analogues were tried in a similar fashion. The best one was from L%e 
potassium group; it was apparently single, but the w scan widths were near 4”, 
and it was a poor scatterer. Final lattice parameters as determined from a 

TABLE2 

FINALFRACTIONALCOORDINATESANDISOTROPICTE~~PER_4TURE~ACTORSFOR 

KCAI2(CH&N031 

Atom x/a y/b I/C B 

WI) 
K(2) 
Am) 
AK2) 
AI(3) 
AK4) 
O(1) 
O(2) 
O(3) 
O(4) 
O(5) 
O(6) 
N(1) 
N(2) 
C(1) 

C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

C(7) 
C(8) 
C(9) 
C(10) 

C(11) 
C(l2) 

0.250<3) 
O-267(2) 
0.210(4) 

-0.277(3) 
O-741(4) 
l-221(4) 
O-161(7) 

-0.058<6) 

-0.021(7) 
0.949(9) 
l-158(7) 
l-048(7) 
0.014(9) 
1.058(10) 
0.036(S) 

0.430(10) 
0.218(S) 

-0.220(S) 
--0.293<10) 
-+x435(10) 
O-731(9) 
0.822<11) 
0.570(11) 
1.033(S) 

l-264(9) 
1.427(1(i) 

0.437(l) 
0.654&l) 
0.472(l) 
0.572(l) 
0.785(l) 
0.687(l) 
O-487(2) 
O-534(2) 
0.517(2) 
O-738(7) 
0.690(Z) 

O-732(2) 
O-502(3) 
O-726(3) 
0.424t3) 

0.425(3) 
O-545(2) 
0.637(2) 
0.577(3) 
0.520<3) 
0.802(3) 
0.849(3) 
O-736(3) 
O-646(3) 

O-763(3) 
O-650(3) 

0.550(l) 
0.066(l) 
O-854(2) 
O-712(2) 
O-230(2) 
0.378(2) 
O-716(3) 
0.738(3) 
0.600(4) 
0.258(4) 
O-241(3) 
0.120(4) 
O-683(5) 
0.204<5) 
O-876(4) 

0.853(4) 
0.915(4) 
O-652(4) 
0.846(5) 
0.632(4) 
0.363(4) 
0.158<5) 
O-152(5) 
O-407(4) 
O-416(4) 
0.385(5) 

6.1(0.6) 
5.3(0.5) 
6.3(0.8) 
5.6(0-S) 
6.3(0-S) 
5.7<0.7) 
4.5(1.3) 

4.3('1.3) 
6.9(1.7) 
S.O(l.9) 
5.7(1.5) 
5.1(1.4) 
5.1(2.3) 
5.6(2.2) 
4.2(2-O) 
3.6(1.8) 
l-6(1.6) 
1.7(1.7) 
4.8(2.1) 
4.5(2-O) 
4.0(1.9) 
7.1c2.7) 

5.9(2.2) 
3.9(2-O) 

4.3(1-S) 
5.0(2.3) 



K 

o”(l> 
0(2x 
0<3) 
N- 

C<l> 
cc3 
C<3) 
c<41 
C<5) 
C<6) 

C(7) 
C(8) 

C(9) 

HW<Cl) 
=<2xc1> 

H<3)GW 
H<4)tC21 
HGXC2) 
JX6)WP) 

H<7W3) 

H(8W3) 
H(9)<C3) 
H<lO)(CW 

H(lWC5) 
H<12><C6> 
H<13)<C7) 
H(l4XC8) 
H(lS)[C9) 

019158(2) 0.7403<2) 
O&312(3) 0.2824(2) 
0.8082(7) .0.1918(5). 
0.7106<11) -0.011~6) 
O-9339(9) 0.0159<5) 
0.3161<11) 0.0568(7) 
0.7286(15): 0.4664<7) 
0.6390<15) 0.2110<11) 
0.4151<11) 0.2531(S) 
0.8016<18) O-6589(17) 
0.6917(25) O-5946(12) 
0.5836<23) 0.6598<21)~ 
0.5890<28) 0.8015<20) 
0.6978(26) 0.8673<13) 
0.8017<18) 0.7990<18) 

0.856 0.478 
0.644 0.540 

0.727 0.494 
0.580 0.130 

0.615 0.240 
0.766 0.245 

0.415 0.195 
0.290 0.240 
0.430 0.353 
0.884 0.611 
0.697 0.492 
0.502 0.605 
0.508 0.856 
0.700 0.968 

0.871 0.849 

0.2923(l) 
0.3730(l) 
0.3169<3) 
O-3403(4) 
0.2706<4) 
0.3091<5j.. 
0.3567<5) 
0.4720<5) 
0.3185(5) 
0.6320(S)' 
0.5890<10) 
O-543$8) 
O-5414(9) 
0.5863(10) 

0.6325(S) 

0.360b 
0.385 

0.304 
0.465 

0.521 
0.486 

0.285 
0.340 
0.313 
0.66SC 

0.588 
0.505 
0.509 
0.584 
0.668 

0.0218(4) 
0.0~86<5) 
0.0227<13) 
.0.0289(20) 
0.0266<16) 
0.0217(17) 
0.0230(24) 
O.O3tiO(29) 
0.0218<17) 
0.0239(32) 

0.0407(44) 
O-0314(42) 
0.0439<53) 
0.0439<48) 
O-0259(31) 

0.0063(i) 
0.0077<3) 
.0.0037(5) 
O.Oq75<6) 

_ 0.0072(S) 
0.0082(7) 
0.0078(9) 
0.0193<16) 
0.0100(9) 
0.0283(25) 
0.0168(16) 
0.0376<34) 
0.0290<29) 

0.0165<16) 
0.0263(23) 

d Anisotropic temperatuz factors of the form exp[--<P~~h* + &k* + &Z* + 2filzhk -I- 2aZ3hZ + 2&$1)3. 
b Hydrogenatomsbondedtotbemethylcarbonatoms~reIocatedonadifferenceFouriermap.andwere 
givenB=5_OA. * CHydrogenatomsbondedtothebenzenecarbonatomsincalculatedpodtionswith 
B= 5_OA=. 

least-squares refinement of the angular settings of 12 reflections (0 > 10”) 
accurately centered on an Enraf-Nonius CAD-4 diffractometer are given in 
Table 1. The complete set, collected in the usual manner 111, consisted of 411 
observed refkctions (I> 2aQ) out of the 1560 measured. The data shortage 
was particularly severe since there are two cation-on pairs in the asym- 
metric unit of the monoclinic space group. 

Calculations were carried out with the set of computer programs previously 
described [I]. The function zu(lFol - IF&* was minimized. No corrections 
were made for extinction or anomalous dispersion. Neutral atom scattering 
factors were taken from the compilations of Cromer and Waber [3] for K, Al, 
0, N, and C. 

The structure was eventually-solved with some difficulty by the application of 
the direct methods program, MULTAN 143. j?inal least-squares refinement w$h 
isotropic temperature factors forall atoms resulted in RI = ZZ(IF,I --.IF,I)/XIFOl = 
O-103 and R2 =. [Zw(lflol - IF,l)*/~:rFol ] 2 “* = 0.123. Because of the limited data 
no attempt was made to carry out refinement with anisotiopic therm& param- 
eters, or to lo&ate the hydrogen atoms. (There were 4 reflections per parameter 
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0.0060(l) 
0.0041(1) 
0.0048<3) 
0.0085(4) 
0_0067(3) 
0.0059(4) 
0.005~<5) 
0.0041(4) 
0.0054<4) 

0.0048(6) 
O.OOSO(7) 
0.0042(7) 
0.0052(S) 
0.0057(7) 
0.0049<6) 

0.0011<3) 

-0.0003(3) 
-0.0003<7) 
-0.0033<9) 
0.0021(9) 
O.OOOS<li) 

-0.0018<12) 
-0.0062<21) 
-0.0005(15) 

0.0110(22) 
0.0040(24) 

-0.0050<33) 
0.0154(36) 
O-0033(26) 

-0.0077(24) 

--0.0014(2) 
0.0002<2) 
O.OOll(3) 
0.0053<7) 
0.0041(6) 
O.OolO(7) 
0.0014(10) 

-0.0007(9) 
0.0002(S) 
0.0015<13) 
0.0016<17) 

--0.0019<15) 
-0.0031(17) 
0.0054(17) 

-0.0013(12) 

-0.0002(l) 
-0.0001<1) 
-0.0003(3) 
0.0003<4) 
0.0007<4) 
0.0001<5) 

-0.0010<5) 
-0.0005(7) 
-0.0002<6) 

0.0041(11) 
-0.0019(10) 
-0.0051<12) 
0.0015(11) 
O.OOlS(lO) 

-0.0003<10) 

varied.) The weighting scheme was based on unit weights, and unobserved reflec- 
tions were not included. The largest parameter shifts in the final cycle of refine- 
ment were less than 0.02 of their estimated standard deviations. The final value 
of the standard deviation of an observation of unit weight was 1.16. The final 
va&es of the positional and thermal parameters are given in Table 2 *. 

X-Ray data collection and structure ,wlution for K[Al(CH,)JVO,] - C&T6 
Single crystals of the colorless, air-sensitive compound were sealed in thin- 

walled capillaries. Final lattice parameters as determined from a least-squares 
refinement of the angular settings of 15 reflections (0 > 20” ) accurately cen- 
tered on the diffractometer are given in Table 1. 

* Tabiesof~cturefactorsforbothcompounds.havebeendepositedasNA1SDocument.No.03262. 

withNationalAu~Publicatio;lsSenice.cloMic1offchePublications.440ParkAve.So..NewYorli. 
NewYork10016.Acopymaybesecuredbuci~gthedocumentandremittingS1.50formicrofiche 
or$5.00forphotocopies.Advaacepaymentis~quired.Makefheckspayableto~crofichePublication+. 



Fig. i. Structure of tG [&&&NOgl-an.& dich contains Al(l) and Al(Z) with the atoms represented 
by t&k 5&~pdabil& &hexes. 

..:. ._. : 
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AC-- . 

- -. C(1)’ _*. I 

-+ 

Fig. 2 Structure of the 
IA1#H3)&031- 
anion which contains AI(~) 
and A](4). 

Fig. 3. Environment of K(1) to 
3.5 A. Primes atom notation 
corresponds to that given in 
Table 4. 

%z. 4. Environment of K(2) 
to 3.5 A 
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WI&n t&e are two c&stallographic&y independent mole&es. (or ions) in a 
unit cell, the actual phy&cal differences are often v&y slight [?~Si. H&&r, 
-joi $iscre@m&k have beerlsekn: the most ndt&ble~&ample is the @o&y. 
related kti~pdtid K@l&?H,),N,] [ 91. Here one could ~envision two p&Me 
cox&@rations of the -trikethylah.qinmq groups, V _and a &d indeed both 
ak fork& With KfAl,(CH&P&&], the anion c&aining Al(l) z&d Al(2) shows 
a sta&er& m&x@ group con@uration (as ~IJ VI), with C(2) and C(5) out of the 
plane of the nit&e iori by 0;3l and 0.16 A, resp&ively. The anion;’ i&hiding 
Al( 3). and Al(4) shows considerably more distortion of this geometry, with C( 7) 
and C(12) out of the plane~of the second nitrate iok by 0.45 and 0.60 A, 
respectively. 
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Fig.6.Packingofthepotani~matomofK[AI(CH3)3NO~] - CgHg. 

TABLE4 

INTERATOMICDISTAN~ES(~)~FORK~~2(CH~)6N~~l 

9 

Bonddistances 

Al(l>-oa) 2.01(5> A1(2)-0(2) 1.95(5) 

Al(l)--c(l) 1.91(S) W2)-a4~ 1.91<5) 

Am)-a2) 2_12(8) Al(2ea5) 2.99(7) 

Alm-a3) 1.99(6) AI(2)-C(6) 2.00(8) 

N(l)-Wl) 1.23<7) N(l)-O(2) X33(7) 

NW-O(3) l-24(6) .Aul)_Ax2) 4.71(2) 

AK3)--0<4) 2.01(7) x1(4)_-0(5) 1.98(5) 
Al(3)--c(7> 2.0X6) AI(4~(10) 1.91(7) 

AK3)--c(8) 2.06(S) A1(4)--c(ll) 1.96(7) 

Al(3)-cxS) 2.02(8) Al(4)--c(12) l-86(8) 

N<2)-0(4) 1.30(7) N(2)*(5) l-23(7) _ 
W2)--0<6) 1.23(7) A1(3)_Ax4) 4.71(2) 

K(1)-0<3)= 2.82(6) K(2)-W6)d 2.80(5) _ 
K<U--Wl) 292(5) K<2WX5)d 2.98(S) 

K(W4X3) 3.11(6) ~(2)-c(7)~ 3.11<7) 

K(l)--C(lO)b 3.18(8) K(2)*(2) b 3.1X8) 

K~1)-cc6)c 3.29(8) K(2)--c(9> 3.21(8) 

K(l)_N(l) 3.34(S) K<2J--‘Xl)= 
K<2)_N(2)d 

3.30(8) 

K(l)-W2)b 3.3X9) 3.34(8) 

K<1)-c(6)= 3.43<7) K(2)+X3)f 6.44(5) 
K(l)--c<4)= 3.44<6) 

aR~~~~dto~e~to~inTable2by<~l-Y.1-~).bi1-~.1-Y,l~~).c(~~~r,~~~~-d(~~~~Y~~)~ 

y.z)_~<-~~x.l~-y.-~+z~.J~X,Y.z-l1). 



and:298 A) within a-s$ere,of 4 A mdius_~Thi difference incation packing has _ -:._ 
been-used as the.b&is of &I ekplanation of the solution behavior of these com- 

-prods [23_ -- -: .-~:~-’ 

As was previously mentioned the individual bond lengths have such large &an- 
dard deviations that no significance can be attach& to small discrepancies. How- 
ever: the.average of the twelve AI-C bond d&stances, 1.98 .A,-‘@rees well with those 
fetid in related compounds [lo]. k a like m&mer, the average .of the-four Al-0 
distances, 1.99 A, probably represents a realistic estimate for a bridging nitrate 
ion. 

TABLE5 

INTERATOMIC DISTANCES <ii) AND ANGLES (Da) FOR KCAlUXI3)3N031- CgHg 

Bonddistices ~_. 

AP-o(l~~ 1.930(6) A.l-C<l) 1.966(S) 

A1--c(2) 
.- N-OQ) 

1,952<10) Al-G(3) 1.986(8) 

1.344x7) N-Q(2) 1.201(S) 

X-o(3) l-221(9) A&O(2) 3.021<6) 

C(4)-u5) 1:32<2) C(5ti(6~ l-35(2) 

C(6F-y) 1.40(2) C(7)--cW 1.34<2) 

C(S)--c(S) - l-35(2) CC9)--c(4) l-38(2) 

K-O(3)." 2.749(6) K-O(3) '- 2.751(6) 
K-O<l)b 2.965<6) K-0(2)= 3.043<7) 
K-N-a - 3.227<7) K-Nb 3.320(S) 
~K-C<3)c 3.269(S) K-C(l) 3.282(S) 
K-C<S)d 3.29(l) R-C(S)d 3.31<1) 
K-q?)d 3.36(2) K--C(6)! 
K-C(4)d 3.43(l) K-C<5)d. ::t::;: 

Bead an&s 

~0(1)-%-&1> 94.3(4) O(l)_Al-C<2) 108.0(4) 

O(u--;uTcC3> 105.1(3) C(l)-Al-q2) _117.2(4) 

CCl)-.~~C3, ~~ 112.3<4) ; C(2I--41-_c<3)~ _ 116.6<4) : 
‘_Al--o(l)~N 123.3(6): 0<2)_-N_OC3) 
10<l)-N-O(2i 

125.6<7) 

C(&C(5)_c(S) : .. 
118.4(8) 

1?3UL1 

O(l)_N~(3)~ 115.0(S) 

C<5)--c(6)--c(7) 118(2) 
'C<G)_c<'i&C(S). 119(2) cC7I--w3Hx3) 121<1) 

CCS)--ctti%C<4) 120(l) -: C(S)-C<4)-c(5) 119(l) 

' PelatizrJ totheatom given_kTable 3by (x.li~~.t).~ (2-xX,3+ ;.!j-i).c 
a(~~x.L~_y,l~--t).- _- 

<l~.~.~+-y*~-z,.~ 
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.- :;_-., :. _:. .: :__: ;.~; .. -. 
The s~tructure:~of -K[&(CH&NOi] - ci,r-I, shoes that :the nitrate ion is A&y 

I. ~onded’td”~h~.aluminum’:~toi;h. ~:iuniden~~:f~hion:(~~~e 5). In order to 
I_- ma&k compar!@ofs,.Gjth.other studies it-is necessary to differentjatethiscase 

-f@n th~~~cif the unsyn%natric~_ bid&ate mtrate.coordhiation. bdtion et al. 
!xwe usedthe criterion.that the metal+(l) bond be 0.8-A shorter thti the. 
~ef+k-O(2)~-bond&VII-. :.-- A. '- .:. _~ :-~ 

f&tat- O('1.) _- .. -; : . . _-. : 
\ 

‘\ 
\ 

‘1. IN 
-00(3) 

On this basis ‘he data in TabIe 6 have been compiled. Although the structures 
are from a~tide range of compounds [ll-231 in ah except one [173 the N-O 
(coordinated) bond.length.is elongzitedwith respect to those involving unco- 
ordinated:oxygen atoms. The averages of N-O (coordinated), 1.293 .A, and N-O 
(uncooklinated); 1.217 A, compare favorably with those found in K[Al(CH,),- 
NO,] .- c.&&; %.340(7) and 1.2X(14) A, respectively. For NaN03 ah the N--O 
bond fengths are equal at 1.241( 2) A [ 241. 

The Al&O(l) bond length of l-930(6) A is quite long for a compound of this 
type. In: [N(CH&] [Al(CH&CH,COO] Cl], the value is 1.83(l) A, and in fact, 
the only.Ionger Al-0 lengths reported for organometallic compounds involve 

TABLE7 

LEAST-SQUARESPLANES FOR KCAiz(CH&jND31 

PkIlle 
A-0.5403X-0.8414Y t 0.01192= -9.5231 
B -0.5656X-0_7759Y-0.27952=-10.0000 

Deviafionofatomsfro~ planes<_&) c 

Atom PlaneA Atom PlaneB 

NW 0.20 N(2) -0.09 
001 -0.07 O(4) 0.03 

ot2> .-#.05 O(5) 0.03 
O(3) --0.09 ma e.04 

Ai(l) 0.25: AI(3) 0.12 - 
C(l) 2.04 C<7) -. .+x45 
aa 0.31 aa -1.29 
c(3) -1.21~; C(9) 205 .. 

Alu(2) 0.04 ; A1(4> To.51 
C(4) -1.65 C<lO> 1.06 
C(5) 0.16 .,_ C<ll) -2.25 : 
C(6) 1.53 caa j 0.60 

uTheato~ofthenitrategsoupswere~io comptite theplanks. 
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TABLES_. 

LRAST-SQUARESPLANESFORK[Al<CH3)3NO31-CgHg 

PIane 
_4-_0.60i3X+ O.O%OY-0.79722+ 8.2870=0 
B 0.7045X.-O.O228Y-0.70942+4.0440=0 

Deviation ofatomsfromplanes<A) 

Atom P!aneAo Atom PlaneB 

N 0.003 C<4) 0.019 

Wl) -0.001 C(5) -0.003 
C(2) -0.001 C(6) -0.012 

O(3) -0.001 C<7) 0.012 
C(S) 0.004 

Al 0.047 C(9) -0.019 
C(l) -0.067 

C(2) -1.479 K 2.803 
C(3) 1.832 

nTheatomsofthenitrategroug wereusedto computePlaneA.and PlaneB rvasbasedontheatomsof 
thebenzenemolecule. 

either uncharged donor ligands (2.00(2) A in Fe2(q5-C5H5)2(C0)1,[C0 - Al(C,H,),], 
125-J and 2.02(2) A in [A.l(CH,),lz - C4Hs02 [ZS]) or a five-coordinate aluminum 
atom (2,047(7) A for one of the Al-0 bonds in ](CH3)&OC(C,H,)N(C,H,) - 
CHBCHO]l [27]). The average Al-C distance of l-968(14) A is normal, and the 
nitrate group is planar to within 0.003 A. 

Another important feature of the structure involves the dynamic role of the 
benzene molecule. The potassium ion is symmetrically coordinated to the ring 
at.K-C distances of 3.29 to 3.46 A, with an average of 3.38(6) A. This may be 
compared with the K-C separation of 3.41 A in K[Al,(CH,),SeCH,] - 2 C,H, 
[lo] _ In each of these cases the benzene molecule undoubtedly participates in a 

TABLE9 

0<1)--AI<1)--c<1) 
O(l)--AKU--W2) 
O(l)-Aw)--c<3) 
C(l)-Au1)--c<2) 
C(l)--AI<l)--c(3) 
a2jA1(1)--c~3) 
N<l)--O<ljAXl) 
O(ljN<ljO<2) 
0<4)--A1(3)+x7) 

0(4j-A1<3)+x8) 
0<4jAu3)--c(9) 
C<7jAX3)--cW 
c<7jAx3~(9) 
C<8j-A1<3)--c<9) 
N<2)_0(4jAl<3) 
0<4)-N(2)--0<6) 
W4jW2)--0<5) 

106<3) 

96(3) 
106(2) 
106<3) 
lli<3) 
123(3) 
116<5) 
120<7) 

96<3) 
103(3) 
102<4) 

114t3) 
122<3) 
115<3) 
129(S) 
130(S) 

1lWS) 

0~2)-Aw-~~4) 
0(2j-A1(2)--c(5) 
0<2)--A1(2)--c<6) 
C<4)-AK2)--c<5) 
C(4)-AK2H<6) 
C<5)--A1(2)--c<6) 
N<lj-0<2j-A1(2) 
O(2)-N<ljO(3) 
C<5j-x1<4)--c<lO) 
O(5)-A1(4jC(ll) 

C<5j-A1<4)--c<12) 
C<lOjA1<4)--c<l) 
C<lOjA1<4jC(12) 

C<lljAM4)--c<l2) 
N<2)--0<5j-A1<4) 
0<5jN~2)-0<6) 

102(3) 
93<3) 

106<3j 
117<3) _ 
116<3) 
118(3) 
129<5) - 
112(i) 
lOl(3) 
104(3) 
98<3) 

123(3) 
117<4) 
109<3) 
120<5) 
P16(8) 



.._I$ .- 

substantialbonding-interaction with the potassium kn. 0; the other hand, the 
-. C,& in K[Al,(CH,),F] - C&H6 [28j is eel&into-the crys+l lattice by packing 

fo&ek;&nd does’not intqact to an+ significant extent with the potassia ion. 
: (Th qe are si$‘ m&th%lYcarbon -atoms within -3.4i.A, &d the closest-arylcarbon : -1 

attim.&pproach-is 3.95 A.).In K[&(CH,),NO,] : CJ&; the r&m&nder of the 
pota&mlion% coordination sphere is filled by two pairs of oxygen atoms at 
-2.749(5); z-751(6), 2.96%(6), and 3.043(7) A, a+ tv&m&hyl groups at 3.269- 

. (9) and 3.282(S) A. (Fig: 5). 
h Tables 7. and 8 the least-squ&es planes for KfA13_(CH&N03] and K[Al- 

(CH&NOJ - &Hi are given, in Table 9 the bond angles for KfAl,(CH,),NO,]_ 
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