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Summary

The SyntheSiS of M[Alz(CH3)5NO3] (M = K+, Rb+, CS+, N{CH3)4+, N(C2H5)4+)
has been accomplished by the addition of stoichiometric ratios of trimethyl-
aluminum to the corresponciing nitrate salt in benzene. For M = alkali metal ion,
the compound is an air-sensitive solid, while for M = tetraalkylammonium ion,
it is an extremely air-sensitive liquid. The crystal structure of K[ Al,(CH;3)¢NOs]
has been determined from single-crystal X-ray diffraction data collected by
counter methods. The substance crystallizes in the monoclinic space group

P2, /n with lattice dimensions a 7.975(8), b 24.512(12), ¢ 14.601(10) A,
100.55(8)° and poa1c 1.17 g cm™3 for Z = 8. Least-squares refinement gave a
final conventional R value of 0.103 for 411 independent observed reflections.
The nitrate ion bridges the two trimethylaluminum 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[AYCH;);NO;] - CsHg was obtained by the addition of dibenzo-18-crown-6
to the liquid K[ AL,(CH;)¢NO;] - 7.0 CcH,. The compound crystallizes in the
orthorhombic space group P2,2,2, with unit cell paraméters a 7.716(4), b
9.855(5), ¢ 18.375(5) A, and p.a;c 1.20 g cm ™2 for Z = 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—O separation of 1.930(7) A. The potassium ion is symmetrically
disposed over the benzene ring at an average K—C distance of 3.38(6) A.

Introduction

_ The results of structural studies of anionic organoaluminum compounds have
been recently reviewed [1]. From the synthetic standpoint the emphasis has
been on the incorporation of new X ligands into the 1/1, M[AlIR;X], and 2/1,
M[AIL;RX], complexes. In particular, the interesting thermal stability of organo-
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metalhc compounds which incorporate certain high-oxygen content ligands has -
been reported [1,21. These studies include the. synthes1s and: crystal structure of
tetramethylammomum acetatotnmethylalummate, [N(CH3)4] [AI(CH3)3C'-I3COO]
111, and a short report. of the solution behavior of the 2/1 nitrate complexes [2].
We now WlSh t0 present'a full account of the preparatlon of the 1/1and 2/1.
'complexes based on the nitrate hgzmd and. to reveal the crystal structures of
-K[Alz(Cha)sNoal and K[A}(CH;);NO;] - CeHg.

Expenmental

M[AL( CH3)6N03] (M* =K, Rb", Cs*, N(CH3)s", N(C,Hs)s" )

For M" =K', Rb*; or Cs", a typmal preparat1on involved the reaction of 0.01
ol of aikali metal mtrate Wlth 0.02 mol of tnmethylalummum in 0.20 mol of
‘benzene. Although the formation of the liquid layering characteristic of the
presence of the 2/1 complex was noted immediately, complete reaction was not
accomplished in less than 24 h. However, the heating of the reaction mixture at
60°C for 1 h produced in all cases the maximum composition liquid clathrate:
K[AI(CH;)sNO;] - 7.0 CsHg, Rb[Aly(CH;3)sNO;] - 9.4 CsHs, Cs[Al(CH;)sNO; -
12.0 CgH,. All three of these substances are unstable with respect to I, but de-
composﬂ:xon as in II has not been observed.

M[Alz(CHa)sNOa] n\?sHs

MLAL(CH;)NOs ] + 7 oL M[AI(CH,),NO,1 + AICH,), + 1 CH
@ ; : . ap

The c'ompositio’nsf of the liqui_d ciathrates were deduced from NMR integra-
tions, and that of the crystalline, colorless, air-sensitive 2/1 parent complexes,
from X-ray diffraction studies and elemental analyses. (Found: C, 21.6; H, 5.5;
Al 15.6; N, 4.2. CﬁHmAlzCsNogcalcd C, 21.2; H, 5.3; Al, 15.9; N, 4.1%.)

The preparatlon of the complexes for M = N(CH;),* or N(C,H;s)," differs in
two respects. First, the reaction of NR,NO; with 2 Al(CHj;); proceeds vigorously
to the formation of the maximum composition liquid clathrate at room tem-
perature in the presence of aromatic solvents: [N(CH;);1[ Al,(CH;)sNOs] - 7.8

CsHg and [N(CZH5)4}[A12(CH3)5N03} 9.8 C¢Hs. Second, the 2/1 complexes
themselves are liquids.

Cautmn must be exerclsed when dealing with M[Alz(CH3)6N03] The maxi-
mum aromatic compos1t10n liquid clathrates (i.e., K[ Al,(CH;)sNO;] - 7.0 CsHs)
decompose in the presence of oxygen or water, but in a mild fashion. However,

forM' =K', Rb", or Cs’, the parent 2/1 complex will burst into flame upon
exposure to air. For M = N(CH3)4 or N(C,H;),", the problem is more severe
since the parent complexes are liquids: these compounds burst violently into
flanmie upon exposure to air, and are comparable to trimethylaluminum in this
respect. In the absence of O, or H,O, the compounds are stable indefinitely at

~ room temperature, and may be heated to apprommately 100°C before any

‘ ~51gn of decompoemon is notlced .

K[A l( CH)sNOs] - CeHe
The formation of this compound was accomphshed by the addition of 0.01"
‘mol of d1benzo—18—crown—6 to 0.01 mol of K[Al(CH;)sNO;] - 7.0 CcHs,.



TABLE 1
CRYSTAL DATA

K[Al(CH3)gNO31 KI[AKCH3)3NC31 - CgHg
Crystal system moncclinic orthorhembic
Space group P2y/n P212424
Mol. wt. 245.3 251.3 -
a 7.975(8) A 7.716(4) A
b 24.512(12) A 9.855(5) A
c 14.601(10) A 18.375(3) A
B 100.55(8) A
Cell volume 2806.2 A3 1397.15 A3
Molecules/unit cell 8 4
Calc. density 1.17 g em™3 1.20 g cm™3
Linear abs. coeff., p, 4.06 cm-—1 3.46 em™1

Max. crystal dimensions 0.25 X 0.25 X 0.50 mmm 0.20 X 0.25 X 0.28 mm

X-Ray data collection and structure solution for K[Al,(CH;3)¢NO3]

Single crystals of M[Al,(CH;3)sNO3] 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 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

TABLE 2

FINAL FRACTIONAL COORDINATES AND ISOTROPIC TEMPERATURE FACTORS FOR
K{Al5(CH3)gNO3]

Atom x/a y/b zfc B

K(1) 0.250(3) 0.437(1) 0.550(1) 6.1(0.6)
K(2) 0.267(2) 0.654(1) 0.066(1) 5.3(0.5)
Al(1) 0.210(4) 0.472(1) 0.854(2) 6.3(0.8)
Al(2) —0.277(3) 0.572(1) 0.712(2) 5.6(0.8)
AI(3) 0.741(4) 0.785(1) 0.230(2) 6.3(0.8)
Al(4) 1.221(4) 0.687(1) 0.378(2) 5.7(0.7)
o) 0.161(7) 0.487(2) 0.716(3) 4.5(1.3)
0(2) —0.058(6) 0.534(2) 0.738(3) 4.3(1.3)
0(3) —0.021(7) 0.517(2) 0.600(4) 6.9(1.7)
O 0.949(9) 0.738(7) 0.258(4) 9.0(1.9)
o(S5) 1.158(7) 0.690(2) 0.241(3) 5.7(1.5)
0o(8) 1.048(7) 0.732(2) 0.120¢4) 5.1(1.4)
N(@1) 0.014(9) 0.502(3) 0.683(5) 5.,1(2.3)
N(2) 1.058(10) 0.726(3) 0.204(5) 5.6(2.2)
CcQ) 0.036(9) 0.424(3) 0.876(4) 4.2(2.0)
C(2) 0.430(19) 0.425(3) 0.853(4) 3.6(1.8)
C(3) 0.218(8) 0.545(2) 0.915(4) 1.6(1.6)
C4) —0.220(8) 0.637(2) 0.652(4) 1.7(1.7)
C(5) —0.293(10) 0.577(3) 0.846(5) 4.8(2.1)
C(6) —0.435(10) 0.520(3) 0.632(4) 4,5(2.0)
C(7) 0.731(9) 0.802(3) 0.363(4) 4.01.9)
C(8) 0.822(11) 0.849(3) 0.158(5) 7.1(2.7)
C() - 0.570(11) 0.736(3) 0.152(5) 5.9(2.2)
cQao) 1.033(9) 0.646(3) 0.407(4) 3.9(2.0)
C(11) 1.264(9) 0.763(3) 0.416(4) 4.3(1.9)
C(12) 1.427(10) 0.650(3) 0.385(5) 5.0(2.3)




) TABLE 3

FHNAL FRACTIONAL COORDINATES AND THERMAL PARAMETERS FOR K[AI(CH3)3NO3] CGHG

CAtom . xfal E7:2 ‘ 'é/'c " Ba1-- Baz
X - . 0.91582) - 0.7403(2) 0.2923(1) ' 0.0218(4) “0.0063(2)
Al ) 0.6312(3) 0.2824(2) . 0.3730(1) '0.0186(5) - 0.0077(3)
oQ@) - - 0.8082(7) "0.1918(5) . 0.3169(3) 0.0227(13) 0.0037(5)
o 0.7105(11) "—0.0115(6) 0.3403(4) '0.0289(20) . 0.0075(6)
S O(3) 0.8339(9) - - 0.0159(5) . © 0.2706(4) 0.0266(16) © 0.0072(6)
N : 0.8161(11) - 0.0568(7) 0.3091(5j. . 0.0217¢17) 0.0082(7)
c@) . 0.7286(15). 0.4664(7) 0.3567(5) 0.0230(24) 0.0078(9)
c(2) ) 0.6390(15) 0.2110(11) 0.4720(5) 0.0380(29) 0.0193(16)
C(3) : 0.4151(11) 0.2531(8) 0.3185(5) 0.0218(17) -~ 0.0100(9)
C4) 0.8016(18) 0.6589(17) " 0.6320(8) 0.0239(32) 0.0283(25)
c(5) 0.6217(25) 0.5946(12) - 0.5890(10) 0.0407(44) 0.0168(16)
C(6) 0.5836(23) 0.6598(21) - 0.5434(8) 0.0314(42) 0.0376(34)
[o{¢)} ©.5890(28) 0.8015(20) 0.5414(9) 0.0439(53) 0.0290(29)
c(8) 0.6978(26) 0.8673(13) 0.5863(10) 0.0439(48) 0.0165(16)
c(9) 0.8017(18) 0.7990(18) 0.6325(8) 0.0259(31) 0.0263(23)
H(1)(C1) 0.856 0.478 0.360 %
H(2)C1) 0.644 © 0.540 0.385
H(3)(C1) 0.727 0.494 0.304
H(4){C2) 0.580 0.130 0.465
H(5)(C2) - 0.615 0.240 0.521
H(6)C2) © 0,756 0,245 0.486
H(7T)C3) 0.415 0.195 0.285
H(8)C3) 0.290 0.240 0.340
H(9)(C3) 0.430 0.353 0.313
H(10)(C4) 0.884 0.611 0.668 €
H(11)C5) 0.697 0.492 0.588
H(12)X(C5) 0.502 0.605 0.505
H@3)XC7) 0.508 0.856 0.509
H(14)(C8) 0.700 0.968 0.584
H(15)(CS) - 0.871 0.849 0.668

@ Anisotropic temperature factors of the form exp[—(811h2 + B22k2 + 83312 + 2817hk + 2813kl + 26,3kD]1.
b Hydrogen atoms bonded to the methyl carbon atoms were located on a difference Fourier map, and were
given B = 5.0 A2, € Hydrogen atoms bonded to the benzene carbon atoms in calculated positions with
B=5.0A2

least-squares refinement of the angular settings of 12 reflections (6 > 10°)
accurately centered on an Enraf-Nonius CAD-4 diffractometer are given in
Table 1. The complete set, collected in the usual manner [1], consisted of 411
observed reflections (I > 20(I)) out of the 1560 measured. The data shortage
was particularly severe since there are two cation—anion pairs in the asym-
metric unit of the monoclinic space group.

Calculations were carried out with the set of computer programs previously
described [1]. The function w(|Fg| — | F¢|)* 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,
O,N,and C.

The structure was eventually solved with some difficulty by the apphcatlon of .
the direct methods program, MULTAN [4]. Fmal least-squares refinement with
isotropic temperature factors for all atoms resulted in R, = Z({Fo| —I|F, DIZIFql =
0.103 and R, = [Zw(|Fol — |F, 1)2/Z1F,121%/2 = 0.123. Because of the limited data
no attempt was made to carry out refinement with anisotropic thermal paxam-
eters, or to locate the hydrogen atoms (There were 4 reﬂectlons per parameter



B33 B12 B13 823
0.0060(1) 0.0011(3) —0.0014(2) —0.0002(1)
0.0041(1) —0.0003(3) 0.0002(2) —0.0001(1)
0.0048(3) —0.0003(7) 0.0011(3) —0.0003(3)
0.0085(4) —0.0033(9) 0.0053(7) 0.0003(4)
0.0067(3) 0.0021(9) 0.0041(6) 0.0007(4)
0.0059(4) 0.0009(11) 0.0010(7) 0.0001(5)
0.0057(5) —0.0018(12) 0.0014(10) —0.0010(5)
0.6041(4) —0.0062(21} —0.0007(9) —0.0005(7)
0.0054(4) —0.0005(15) 0.0002(8) —0.0002(6)
0.0048(6) 0.0110(22) 0.0015(13) 0.0041(11)
0.0060(7) 0.0040(24) 0.0016(17) —0.0019(10)
0.0042(7) —0.0050(33) —0.0019(13) —0.0051(12)
0.0052(8) 0.0154(36) —0.0031(17) 0.0015(11)
0.0057(7) 0.0033(26) 0.0054(17) 0.0018(10)
0.0049(6) —0.0077(24) —0.0013(12) —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
values of the positional and thermal parameters are given in Table 2 *.

X-Ray data collection and structure solution for K[Al(CH;);NOs] - CcHy

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 (6 > 20°) accurately cen-
tered on the diffractometer are given in Table 1.

* Tables of structure factors for both compounds, have been deposited as NAPS Document, No. 03262,
with National Auxiliary Publicatioas Service, c/o Microfiche Publications, 440 Park Ave. So., New York,
New York 10016. A copy may be secured by citing the document and remitting $ 1.50 for microfiche
or $ 5.00 for photocopies. Advance payment isrequired. Make checks payable to Microfiche Publications.



:;'arusotroplc thermal parame s The hydrogen:.atorns bonded to the methyl car-
_bon atoms were" located o d.l_fference Fourier mapj ‘while those bonded to the -
.'benzene ring were. placed calculated: posmons ‘The hydrogen atom parameters
~were not refined. The welghtmg scheme was based on unit weights, and unob-

. sérved reflections were not included. The largest parameter shifts in the final
—cycle of refinement were- ‘less than 0.01 of their estimated standard dev1at10ns.
The final- value of the standard deviation of an observation of unit weight was-
“0.78. The final values of the p051t10na1 and thermal parameters are given in-
Table 3 B . .

' stcussron .

' K[AI—,( CH3)6NO3]

- The molecular structure and atom labehng scheme for K[AIZ(CH3)5N03] are
presented as Figs. 1 and 2, while the potassium ion environments are given in
-Figs. 3 and 4: Sxmzlar ﬂlustratlons for K[AJ(CH3)3N03] CsH, are given in Figs.

“5and 6. :
- The ways in w}:uch the mtrate group can interact with metals have been well
'summanzed by Addison et al. [5]. For a nitrate ion to act as a bridge between
two metal auoms, there exist possrblhhes HI and IV. Although III is by far the
most common, IV is not without precedent [6]. In the case of K[ Al,(CH;)sNO;]
situation III clearly pertains. Because of the limited data, the bond lengths
, (glven in Table 4} are not particularly meaningful, but two important observa-
tions can be made. The first concerns the rather different configurations of the
methyl groups of the two independent anions.

Fxg. 1. Stmcture of the [Alg(CH3)5NO3] am.on which contams A1(1) and A](2) wrth the atoms represented
. by therr 50% probablhty sphez&c. .



Fig. 2. Structure of the
[Al,(CH3)¢NO31~

anion which contains AK3)
and Al(4).

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

Fig. 4. Environment of K(2)
to 3.5 &
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; When there are two cryctallographlcally mdepenuent molecules (or lons) ina
- unit cell, the actual physical differences are often very shght [7, 8] However, -
major dxscrepancres have been seen: the most notable example is the closely.
related compound K[A12(0H3)6N3] [2]. Here one could envision two possible
' conﬁguratmns of the tnmethylalummum groups, 'V and VI, and indeed both
are formed. With K[Al;(CH;)sNO;], the anion containing Al(1) and Al(2) shows
a staggered methyl group configuration (as in VI), with C(2) and C(5) out of the
plane of the nitrate ion by 0.31 and 0.16 A, respectively. The anion including
Al(3) and Al(4) shows conmderably more distortion of this geometry, with C(7)
and C(12) out of the plane of the second mtrate ion by 0.45 and 0.60 &,
E ?respectlvely.

Fig. 5. Stnxctme of the [Al(CH3)3N03] “anion wuh the atoms repzesented by thm 50% probabxhty
_ elhpsoxds for thetma.l mohon. R K .
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Fig. 6. Packing of the potassium atom of KIAI(CH3)3NO3] - CgHs.

TABLE 4
INTERATOMIC DISTANCES (A)'FOR K[Al5(CHj3)gNO3]

Bond distances

AN(1)—O(1) 2.01(5) AL(2)—O(2) 1.95(5)
Al(1)—C(1) 1.91(8) Al(2)—C(4) 1.91(5)
AN1)—C(2) 2.12(8) AN2)—C(5) 1.99¢7)

CAI)—C(D) 1.99(6) Al(2)—C(6) 2.00(8)
N(1)—O(1) 1.23(7) N(1)—O(2) 1.33¢7)
N(1)—0(3) 1.24(86) AL(L)—AN2) 4.71(2)
AX3)—0(4) 2.01(7) Al(4)—0(5) 1.98(5)
ANB)—C(T) 2.01(6) Al(4)—C(10) 1.91(7)
Al(3)—C(8) 2.06(9) AN4)—C(11) 1.96(7)
A(3)—C(9) 2.02(8) Al(4)—C(12) 1.86(8)
N(2)—0(4) ' 1.30(7) N(2)—0(5) 1.23(7)
N(2)—O0(6) 1.23(7) A(3)—AN4) 4.71(2)
K(1)—0(3) ¢ 2.82(6) K(2)—0(6) ¢ 2.80(5)
K(1)—O0(1) 2.92(5) K(2)—0(5) 4 2.98(5)
K(1)~0(3) 3.11(6) K(2)—C(7) € 3.11(7)
KQ)—cQao)? 3.18(8) K(2)—Cc(2) b 3.15(8)
K(1)—C(6) € 3.29(8) K(2)—C(9) 3.21(8)
K(1)—N(1) 3.34¢8) K(2)——Cc) 2 3.30(8)
E1)-Cc@a2)? 3.35(9) K(2)—N(2) 3 3.34(8)
K(1)—C(6) ¢ 3.43(7) K(©2)—c(3) ' 3.44(5)
R(1)—C(4) ¢ 3.44(6)

@ Related to the atom in Tgble 2by (.1 =3 1 —2. P —x.1—51—2. S +x % 2. 4 =13 2.
v, 2.8 (—3+x, 1=y, —3+2). f(x v 2— 1.



A'second noteworthy pomt oncerns. th packmg of the potassmmﬁ ons. Th1s,
b w . ,

one crysta]lographma_ly mdependent K was’ packed annd the anions, w‘nle the

" other’ ‘was sa.ndvnched between benzene molecules. For K[Alz(CHa)GNO:.,] essen-’

},tlally the same effec* is seen: K(l) has its closest contacts. w1th three oxygen:

. atoms’ (at 2 82 :2.92, and 3.11 R), W_h11e K{2) has only two oxygen atoms (2.80°
and 2.98 &) w1th.n a sphere of 4 A radius. The difference in cation packing has
been used as the basxs of an explanatmn of the solutlon behavmr of these com- -

~pounds [2]. L )

" As.was prmnously mentloned the md1v1dua1 bond lengths have such large stan-

- da.rd dewatlons that no mgmﬁcance can be attached to small discrepancies. How-

- ever; the average of the twelve Al—C bond dxsta.nces, 1.984, -agrees well with those
found in related compounds [10].In a like manner, the average of the four Al—O
.dlstances, 1 99 A, probably repr%ents a reahstlc estimate for a bndglng nitrate
ion. : , _

" TABLES .
INTFRATOMIC 'DISTANCES (A) AND ANGLES (Deg) FOR KIAI(CH3)3NO31 - CgHg

Bond distances

A0 - 1.930(6) : Al—C(1) 1.966(9)

- AC(2) . 1.852(20) AI—C(3) 1.986(8)
- N—O@). - 1.340(7) - N—O(2) 1.201(9)
CN—O(3) . ©1.221(9) Al—-0(2) 3.021(6)
T B - -T¢) C(5)—C(6) 1.35¢(2)
c(.)—-Cc(1y . - 1.40¢2) - C(N—C(8) - 1.34(2)
C(s)—C(s) 1.35(2) - - C(9)—C(4) 1.38(2)
E—O(3)¢ - 2.749(5) - K—0(3) & 2.751(6)
K—o)y® 2.965(6) . E—0(2) ¢ 3.043(7)
_K—N©" - 3.227(7) K—N°© 3.320(9)
K—C(3) € - .3.269(9) K—C(1) 3.282(8)
- K—Cls)df 3.29(1) . . RK—C(9) d 3.31(1)
- x4 © 3.36(2) - K—C(6) % 3.43(1)
TR=C ¢ 3.431) K—C(5) ¢ T 3.46(1)
Bond angles
- O(1)—AI—C(1) | 94.3(4) O(1)—Al—C(2) . 108.0(4)
T O@)—AI—C(3) - 105.1(3) . C)—Al—C(2) - 1117.2¢4)
CHY—AI-C(3) . . 112.3(4) . C(2)—A-C(3) 116.6(4)
JARFO@)-N L- v 0 -T123.3(8) - SO(2)—N—O(3) . - 126.6(7)
1;0(1)—?«—0(2) S 118.4(8) O(1)y-N—O0O(3). " - =  115.0(8)
: C(4)—C(5)-C(6) S 123y C(5)—C(6)—C(7) : 118(2)
TTOE-C(Ty—C(®). T 11e(2) 0 T .. S(D)—C(8Y-C(9) Co121Q1)
' C(B)—C(S)—C(4) : - 120(1) ) Ll C(9)—C(4)—-C(5) ST 1193y

e Re]ated to the atom given in Table 3 by (x 1+, z). b (2 —x; 5+ y. é). fa—x %+y‘ %—Vz);,r .
PGrxii—vi—as : , e
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" ... The structure of- K[AI(CH3)3N03] Cch, shows that the mtrate ion is clearly

i:'bonded to the aluminum’ a+om na: umdentate fashmn (Table 5). In order to’

- make: compansons with. other studles it'is necessary to differentiate this case
"from ‘that of the unsymmetnc& ‘bidentate nitrate: coordmatlon Add.tson et al

: Ahave used: the criterion’ that the metal-—O(l) bond be 0.8. A shorter than the"
metal—-0(2) bond in VII o

'metol O(‘l)
\\
N\
N N—/O@E)
AN |
to@y
()

On this basis the data in Table 6 have been compiled. Although the structures
are from a wide range of compounds [11—23] in all except one [17] the N—O
(coordmated) bond length is elongated with respect to those involving unco-
ordinated oxygen atoms: The averages of N—O (coordmated), 1.293 A, and N—O

’(uncoor(_:hnated), 1.217 &, compare favorably with those found in K[ Al(CH,),-
NO;] - CeHg, 1.340(7) and 1.211(14) A, respectively. For NaNQ; all the N—O
‘bond lengths are equal at 1.241(2) A [24].

- The Al—O(1) bond length of 1.930(6) A is quite long for a compound of this
type. In [N(CHs3)4 ][ AI(CH3)3CH;COO] [11], the value is 1.83(1) A, and in fact,
the only longer Al—O lengths reported for organometallic compounds involve

TABLE 7
LEAST-SQUARES PLANES FOR K[Al;(CH3)gNO3]
Plane

A —0.5403X — 0.8414Y + 0.0119Z = —9.5231
B —0.5656X — 0.7759Y — 0.2725Z = —10.0000

Deviation of atoms from planes (&) ¢

Atom . Plane A Atom Plane B
N(1) - 0.20 N(2) —0.09
o(1) —0.07 - o(4) 0.03
0(2) .—0.05 0(5) 0.03
oD - —0.09 - - 0(6) . C.04
A1) - 0.25: AX3) 0.12 -
c) . 2.04 e T - —0457
c(2) 0.51 - . C(8) . —1.29
C(3) —1.21- (RN 2.05 -
AX2) 0.04 ; S A —0.51
C(2) —1.65 - - Cc(o) - - 1.06
c(3) - 016 . eca@ly - - —228
C(6) : 1.63. . €Ca 7 0.860 -

@ The atoms of the nitrate groups were used to compute the planes.
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"'rnBLE 8
LEAST-SQUARES PLANES FOR K[AI(CH3)3NO3] CeHg
Plane

- A—0.60L3X + 0.0550Y — 0.7972Z + 8.2870 = 0
B 0.7045X — 0.0228Y — 0.7094Z + 4.0440 = 0

Deviation of atoms from planes (A)

Atom - Plane A ¢ Atom Plane B
N © 0.003 C(4) 0.019
oy —0.001 C(5) ) —0.003
o2 —0.001 c(6) —0.012
o —0.001 (D 0.012
C(8) 0.004
Al 0.047 C(9) —0.019
CcQ@) —0.067
C(2) —1.479 K 2.803
C(3) 1.832

2 The atoms of the nitrate group were used to compute Plane A, and Plane B was based on the atoms of
the benzene molecule.

either uncharged donor ligands (2.00(2) & in Fe,(1°-CsH;),(CO).[CO - AI(C,H;);]."
[25] and 2.02(2) A in [AI(CH3;);5], - C4Hz0, [26]) or a five-coordinate aluminum
atom (2.047(7) A for one of the A1—O bonds in [(CH;), AIOC(CsH;)N(C4Hj) -
CH;CHO], [27]). The average Al—C distance of 1.968(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 38.46 A, with an average of 3.38(6) A. This may be
compared with the K—C separation of 3.41 & in K[Al;(CH;),SeCH;] - 2 C¢H,
[10]. In each of these cases the benzene molecule undoubtedly participates ina

TABLE 9
BOND ANGLES (Deg) FOR K[Al,(CH3)gNO3]

Bond angles

O(1)—A1(1)—C(1) 106(3) O(2)—AIl(2)—C(4) 102(3)
O(1)—Al(1)—C(2) 96(3) O(2)—Al2)—C(3) 93(3)
O(1)—AI(1)—C(3) 106(2) O(2)—AIl(2)—C(6) 106(3)
C(1)—AN(1)—C(2) 106({3) C{4)—Al(2)—C(5) 117{3) -
C(1)—A1(1)—C(3) 117(3) C(4)—A1(2)—C(6) 116(3)
C(2)—Al(1)—C(3) 123(3) C(5)—A1(2)—C(6) 118(3)
N@Q)—O0(1)—Al(1) 116(5) N(1)—O0(2)—Al(2) 129(3)
O1)—N(Q1)—0(2) 120(7) O(2)—N(1)—0(3) 112(7)
0(4)—AN3)—C(T) 96(3) 0O(5)—A1(4)—C(10) 101(3)
0O(4)—AI(3)—C(8) 103(3) O(5)—Al(4)—C(11) 104(3)
0O(4)—AN(3)—C(9) 102(4) 0O(5)>—Al(4)—C(12) 98(3) -
C{7)—ANl(3)—C(8) 114(3) C(10)—Al(4)—C(1) 123(3)
C(7Y—AN3)—C(9) 122(3) C(10)—Al(4)—C(12) 117¢4)
C(8)—AI(3)—C(9) 115(3) C(11)—AIl(4)—C(12) 109(3)
N(2)—0(4)—Al(3) 129(86) N(2)—0(5)—Al(4) 120(5)
Q(4)—N(2)—0(6) 130(8) 0O(5)>—N(2)—0(6)} 116(8)

0(4)—N(2)—0(5) 110(8)




.;_14; :

- substannal bondmg interaction w1th the potassmm ion. On the other hand, the
C‘\;H,s in K[Alz(CH3)5F] ‘CeHs- [28] is held into-the crystal lattice by packing
. forces, ‘and does'not interact to any 51gmﬁcant extent with the potassium ion.
i (There are six methyl-carbon atoms within8.47 A, and the ciosest aryl-carbon
- atom- approach i5-3.95 A) In- K[Al(CH3)3N03] CgHg; the remainder of the -

potassmm ion’s coordination sphere is filled by two pairs of oxygen atoms at
- 2.749(5), 2. 751(6), 2. 965(6), and 3. 043(7) A, and two methyl groups at 3.269-
(9).and 3. 282(8) A (Fig. 5).

- In Tables 7.and 8 the least-squares planes for K[ AL,(CH;)¢INO3] and K[Al-

(CH3)3N03] CsHg are given, in Table 9 the bond angles for K[ Al,(CH,)sNOs1.
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