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Two tert-butylammonium chromohexamolybdates(VI) with the formula
[(CH;); CNH;]3[Hs CrM040,,4] - 8H,0 (1) and [(CH;); CNH;],[H,CrMoO,,] -
2H,0 (2), have been synthesised. Crystal data are as follows, Compound 1:
space group P2,/n, a=14.421(2), b=11.263(6), c=28.954(3) A B=99.70(1)°,
V' =4635(2) A®, Z=4, R(F,)=0.053 and R,(F,)=0.057; compound 2: space
group C2/c, a=27.923(3), b=11.191(2), ¢=11.783(3) A, B=102.15(2)°, V=
3600(1) A3, Z=4, R(F,)=0.078 and R,,(F,)=0.077. A structure in layers showing
the existence of hydrophobic layers is clearly seen for both compounds. The
structures are stabilised by electrostatic forces and an extensive network of
hydrogen contacts involving anions, cations and water molecules. It is interesting
to indicate that in both cases the polyanions are joined by means of hydrogen
contacts O---O of medium character. Raman and Fourier transform infrared
spectra of both compounds have been recorded. The electron spin resonance
spectra of compound 1 indicate that the chromophore is distorted with respect
to the ideal octahedron, and also demonstrate the existence of a certain
contribution of spin—orbit coupling that mixes the fundamental state with the
first excited states. For compound 2 the existence of two different chromophores
is seen; one of them corresponds to that observed for compound 1 while the
other is due to a more distorted environment.

The chromohexamolybdate anion belongs to the family
of heteropolyanions with Anderson structure, repres-
ented by the general formula [H,XM¢O,4]""; the het-
eroatom, X, occupies the central octahedral cavity of the
crown formed by six edge-sharing MOg (M =Mo or W)
octahedra. The heteroatom X is an ion in an oxidation
state +2, +3, +4, +6 or +7, and the different Anderson
anions are classified as a function of the number of
protons (x) joined to the central octahedron XOg in three
groups; series A (x=0); series B (x=6) and series C
(x=0-5).

Series A: [ XOsM; 0,5 ™. This type is observed for X =
TeV!, [TeOgMog044]°~, colourless!™ and for X =1V1 43

[I06Mo0¢O5]°~. In the case of the tungstate anion,
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compounds with X =Ni'Y and Mn"" are also known. The
compounds have been characterised by means of Raman
spectroscopy® and "O-NMR.” The crystal structures
of the following salts have been determined:
(NH4)s[ TeM0gO,4] TH,0,' (NH,)s[TeMo6O,,]
Te(OH)s - 7H,0,%2 Na,(NH,),[TeMo4O,,] - 16H,0,®
Lig[ TeM04O,,4] + 18H,0 and Lig[ TeM0¢O,,] + Te(OH); -
18H,0,° Cs4[TeM0e0,,] 2Te(OH ), 4H,0,°
Rbg[TeMocO,,] 10H,0 and Rbg[TeMogO,,]
Te(OH)g + 6H,0,! and Ks[IMosO,,] *+ 5H,0.4

Series B: [X(OH)sMzO,5 ™ (X=Mn"", Fe'', Co'!, Ni",
Cu”, anl’ AlIII, GaIII, Cr”I, Felll, COIII, RhIII). The
compounds, generally coloured, are formed from acidi-
fied aqueous solutions that contain metallate ions (hot
solutions of heptamolybdate and species of the hetero-
atom at pH 4.5).!%!3 The formation of the compound




containing Co™ requires an oxidant, H,O, or, even

better, S,042". The interval of pH of stability of these
compounds varies depending on the heteroatom, those
compounds with a trivalent heteroatom being more
stable. The following compounds have been described:
Na;[HgCrMog0,,] 8H,0,* K;[HgAIMo0:0,,]
TH,0,  (NH,),[HsCuMogO,,] 4H,0,"® and
(NH,);[H¢RhMo40,,] * 6H,0.1¢ The compounds have
been characterised by means of optical spectroscopy,!’-!8
IR spectroscopy,!® NMR spectroscopies?® and magnetic
data.!”!® The Anderson structure studied for the com-
pound Na;[CrMogO,5(OH)s] - 8H,0'? consists of an
XOg octahedron surrounded by a planar ring of six
octahedra that share edges. The six hydrogen atoms are
not acidic, and they are coordinated to the six oxygen
atoms from the central octahedron.

It is interesting to notice the formation of a heteropoly-
anion of formula [Co,04(OH);Mo0,00,3]°”, emerald
green in colour, as a byproduct in most of the prepara-
tions of the complex salts [Co™(OH )sMogO,]* . It is
the principal product when the oxidation of Co" is
carried out with H,O, in the presence of activated carbon
or a Raney nickel catalyst. The structure of this anion
can be described as two interpenetrating Anderson
rings.?°

Series C: [XOg_n(OH),MgO,5]® ™~ (X=P", n=
0-5). The heteropolymetallates of PtV have been
obtained not only unprotonated but also protonated,
and can adopt two kinds of structure: the planar
Anderson structure, point group D4 (-XM40,,) and a
non-planar form of the Lindqvist type, point group C,,
(B-XM0,4) (=Mo0,0,,°7).2' The light yellow salt,
K;.s[H, sPt'YMo40,,4] + 3H,O has the a-structure and
the tetraprotonated salt (NH,),[H,Pt"YMogO,,]
1.5H,0 has the B-type structure. The unprotonated form
was obtained for the tungstate.

An heteropolyanion that possesses two types of
heteroatoms As™ and Co", and that is intimately rela-
ted to the Anderson anions, it is the heteropolyanion
[AssCoMogO3,]* ~, which consists of one Anderson type
unit, [CoMo0¢0,,], and two triarsenate(III) groups that
are joined one above and other below the planar ring.?

As a part of a study of polyoxometallates we
have isolated and characterised chemically and structur-
ally two compounds with the formulae [(CH;); CNH;];5-
[HeCrMo40,,] 8H,0 (1) and [(CH;);CNH;),-
[H,CrMogO,,4] + 2H,0 (2). The ESR spectra indicate
that the chromium(IIl) ion is found in a distorted
octahedral environment with a certain spin—orbit contri-
bution. For compound 2, two magnetically active centres
are observed.

Experimental

Materials. All chemicals were obtained commercially and
used without subsequent purification.

TERT-BUTYLAMMONIUM CHROMOHEXAMOLYBDATES

Physical measurements. Microanalyses of carbon, nitro-
gen and hydrogen were performed on a Perkin-Elmer
240 C-, H- and N-analyser, and chromium and molyb-
denum were determined thermogravimetrically as
MoO; +Cr,(Mo0O,); after thermal decomposition of the
samples in a synthetic air atmosphere. The density was
measured by flotation in CHBr;/CCl,. The IR spectrum
was recorded in the 4000-400 cm ™! range on a Nicolet
740 FTIR spectrometer, and the solid compound was
mixed with potassium bromide (Fluka, FTIR spectro-
scopy grade) into a transparent disk. Raman spectra
were obtained on a Nicolet 950 FT Raman spectro-
meter equipped with a Spectra Physics Nd: YVO, laser
(1064 nm, 1.5 W) as static powder samples. ESR spectra
of both compounds were recorded on powder samples
at room temperature with a Briicker ESP 300 spectro-
meter operating in the X-band (9.75 GHz). The magnetic
field was measured with a Briicker BNM 200 gaussmeter,
and the frequency inside the cavity was determined using
a Hewlett-Packard 5352B microwave frequency counter.

Synthesis.

Tris( tert-butylammonium) chromohexamolybdate(VI1) octa-
hydrate, [(CH;);CNH; [3[H;CrMosOsy ]+ 8H,0 (1). A
1.2M solution of bis(tert-butylammonium) molybd-
ate’®?* in molybdenum (7.36 g; 24 mmol in 20 mL of
H,0) was prepared, and concentrated HNO; was added
until the precipitation of a white powder of tetrakis(zert-
butylammonium) octamolybdate dihydrate.?® Then, tert-
butylamine (3.0 mL; 28 mmol) was added and the solu-
tion was heated in order to dissolve this precipitate,
yielding a colourless solution of pH 5. Alternatively,
1.62 g (4.05 mmol) of Cr(NO;);°9H,0 were dissolved
in 10 mL of distilled water. The colourless solution of
molybdenum, still hot, was added over the dark blue
solution of Cr'™ at room temperature. The colour of the
solution turned green and finally dark pink. After 3 h,
pink crystals were collected and recrystallized in water.
The compound was soluble in water and DMF and
insoluble in ethanol and acetone. Crystals were stable to
the air and light but they decomposed on exposure to
X-rays. Analytical data: Found: C 10.30; H 4.17; N 2.96.
Calculated for C;;HssCrMogN;03,: C 10.41; H 4.22;
N 3.04.

Bis (tert - butylammonium ) heptahydrogenchromohexa -
molybdate dihydrate [(CH;)3CNH;],[H,CrMos0,,] -+
2H,0 (2). A solution of bis(zert-butylammonium)
molybdate?* (3.37 mmol in 50 mL of H,0) was prepared
and acidified up to pH 5 with HCI 1.25 M. CrCl; - 6H,0
(0.16 g, 0.58 mmol), in the ratio Mo:Cr=6:1, was
added. Initially, the solution was green, but it changed
to pink after being left at room temperature for several
hours. After one week, laminar pink crystals were
obtained. The crystals were stable to the air, light and
X-ray exposure. Analytical data: Found: C 8.25; H 3.05;
N 2.40. Calculated for CgH35CrMogN,O,4: C 7.99; H
2.93; N 2.33.

1195



WERY ET AL.

Crystallographic data collection and structure refinement.
Single crystals of compounds 1 and 2 were obtained as
described above. Table | summarises crystal data and
data collection procedures for both compounds. Intensity
data were corrected for Lorentz and polarization effects,
and an empirical absorption correction®® based on the
isotropically refined structure was applied.

The structure of compound 1 was solved by a combina-
tion of direct methods (DIRDIF92)?’ and difference
Fourier syntheses and refined by full-matrix least-squares
methods based on F.?8 The crystal structure of compound
1 was refined with anisotropic thermal parameters for all
the non-hydrogen atoms. The hydrogen atoms belonging
to the anion were found by a difference Fourier method.
These atoms, together with the hydrogen atoms from the
cations and water molecules, geometrically positioned,
were included as isotropic contributors. The solution was
refined up to an R-value of 5.3%.

The crystal structure of compound 2 was solved using
the program DIRDIF92,%’ finding the centrosymmetric
anion chromohexamolybdate, one fert-butylammonium
cation and one water molecule in a general position.

Table 1. Crystallographic data for compounds 1 and 2.

Bond orders for the oxygen atoms were calculated,
observing that the oxygen atom O(6) has a bond order
of 1.48(8). This could mean that this atom and
its corresponding centrosymmetric atom could be
protonated, giving us the formula [(CH;);CNH;],-
[H,CrMo04¢0,,41* 2H,0. The hydrogen atoms were geo-
metrically positioned, except the seventh hydrogen atom
of the anion, and included as isotropic contributors in
the final refinement. The rest of the structure was refined
by full-matrix least-squares methods based on F with
anisotropic thermal parameters for all the non-hydrogen
atoms, except an oxygen atom from the polyanion, the
water molecule O(13)w and two carbon atoms from the
cation. Most calculations were carried out using the
XRAY 768 system running on a MicroVAXII computer.

Final atomic coordinates and equivalent isotropic ther-
mal parameters for non-hydrogen atoms are given in
Tables 2 and 3.

Results and discussion

Vibrational spectroscopy. The infrared spectra and
Raman spectra for the compounds are shown in

Compound 1 Compound 2
Formula [(CH3)3CNH3)13[HgCrMog0,,1 - 8H,0 [(CH3)3CNH3)1,[H; CrMogO,41 - 2H,0
M, 1384.23 1203.0
System Monoclinic Monoclinic
Space group P2,/n (No. 14) C2/c (No. 15)
a 14.421(2) 27.923(3)
b/A 11.263(6) 11.191(2)
c/A 28.954(3) 11.783(3)
/e, 99.70(1) 102.15(2)
V/A 4635(2) 3600(1)
V4 4 4
F(000) 2732 2468
D,/Mgm™3 2.01(1) 2.23(1)
. 1.984 2.220
p (MoKa)/em ™! 18.417 23.501
Form Prism Plate
Dimensions/mm 0.24 x0.25x0.35 0.10x0.20 x0.20
Colour Pink Pink
Diffractometer Enraf-Nonius CAD4 Enraf-Nonius CAD4
Temperature/K 295(1) 295(1)
Radiation (MoKa) 0.71069 0.71069
Monochromator Oriented graphite Oriented graphite
Scan mode ®/20 /20
0 range/° 1-30 (incomplete) 1-30
hkl 0-20;0-15 —18-18 0-39;0-15, —16->16
Controls Intensity and orientation Intensity and orientation
Reflexions 510;540 132,820
Periodicity 3600 s; 100 reflex 7200 s; 100 reflex
Independent reflexions 8453 5208
Observed reflexions 3697 [/ =>3al(/)] 1591 [/ = 20(1)]
No. of variables 448 176
{A/O) max 0.65 0.844
(A/C)ay 0.050 0.050
(Ap)/A~3 0.48 5.16
Absorption correction Tmin=0.785; Thax=1.245 Tmin=0.838; Thax=1.221
(DIFABS)
R 0.053 0.078
Rw. 0.057 0.077
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Table 2. Compound 1: atomic coordinates and isotropic tem-
perature factors.

TERT-BUTYLAMMONIUM CHROMOHEXAMOLYBDATES

Table 3. Compound 2: atomic coordinates and isotropic tem-
perature factors.

Atom X y z Uey® Atom  x y z Ue®
Mo(1) 0.50329(7)  0.4704(1) 0.62659(5) 396(6) Mo(1)  0.1876(1) 0.4826(2) —0.1392(1)  199(6)
Mo(2) 0.70884(8)  0.4660(1) 0.59035(5) 383(6) Mo(2)  0.1268(1) 0.2501(2) —0.0577(2)  247(6)
Mo(3) 0.86047(7) 0.6891(1) 0.61582(5) 383(6) Mo(3)  0.1895(1) 0.0123(2) 0.0780(1)  218(6)
Mo(4) 0.80362(7) 0.9174(1) 0.67878(5)  390(6) Cr(1)  0.2500(—)  0.2500(—)  0.0000(—)  19(1)
Mo(5) 0.59650(7) 0.9210(1) 0.71607(5)  407(6) O(1)  0.2486(6) 0.3487(12)  0.1410(11)  19(4)
Mol(6) 0.44510(7) 0.6993(1) 0.68890(5) 433(6) 0(2)  0.1955(5) 0.3564(13)  0.0207(13)  21(5)
Cr(1) 0.6544(1)  0.6930(2) 0.65402(8) 280(8) 0(3)  0.1941(6) 0.1395(14) —0.0714(14)  29(5)
o(1) 0.5778(5)  0.5869(7) 0.6864(3) 32(3) O(4)  0.2490(6) 0.5507(13) —0.0526(13)  26(3)
0(2) 0.5967(5)  0.6045(7) 0.5975(3) 31(3) O(5)  0.1440(6) 0.3412(15) —0.1829(13)  32(5)
0(3) 0.7605(5)  0.5820(7) 0.6540(3) 35(3) 0(6)  0.1464(5) 0.1534(16)  0.0863(13)  29(5)
0(4) 0.7280(5)  0.7993(7) 0.6207(3) 35(3) O(7)  0.1891(5) 0.5353(17) —0.2768(13)  31(5)
0(5) 0.7115(5)  0.7841(7) 0.7099(3) 32(3) 0(8)  0.1486(6) 0.5750(18) —0.0849(14)  39(6)
0(6) 0.5484(5)  0.8032(7) 0.6522(3) 31(3) 0(9)  0.0917(6) 0.3486(16) —0.0029(19)  44(6)
0(7) 0.6266(6)  0.4012(7) 0.6300(4) 45(4) 0(10)  0.0899(6) 0.1483(21) —0.1418(19)  52(7)
0(8) 0.7739(5)  0.5998(8) 0.5694(3) 38(4) O(11)  0.1489(7) —0.0778(16) —0.0149(15)  39(6)
0(9) 0.8817(5)  0.7810(8)  0.6739(4) 45(4) 0(12) 0.1885(7) —0.0394(17)  0.2140(16)  40(6)
0(10) 0.6801(6)  0.9874(7) 0.6765(4) 41(3) 0(13),, 0.7250(11)  0.2134(48)  0.1321(40) 133(14)
o(11) 0.5302(6)  0.7869(8) 0.7360(4) 47(4) N(11)  0.6092(7) 0.2044(22)  0.0818(20)  43(7)
0(12) 0.4264(6)  0.6083(8) 0.6311(3) 42(4) C(12)  0.5550(10)  0.2032(28)  0.0490(26)  47(7)
0(13) 0.4638(7)  0.3764(9) 0.6646(5) 69(5) C(13)  0.5404(18)  0.1762(57) —0.0779(50) 97(16)
0(14) 0.4497(7)  0.4253(9) 0.5730(5) 64(5) C(14)  0.5397(14)  0.1040(63)  0.1326(29) 110(23)
0(15) 0.6521(7)  0.4216(9) 0.5360(4) 57(4) C(15)  0.5364(18)  0.3485(41)  0.0650(54) 108(23)
0(16) 0.7978(7)  0.3656(9) 0.6053(4) 61(4) -

0(17) 0.9485(6)  0.5896(9) 0.6304(4) 68(5) 2Uaa=1/3Z Uja/*, aj* cosla;, a;) (A2 x 10* for Cr and Mo; 10°
0(18) 0.9016(7)  0.7850(9) 0.5790(4) 60(4) for O atoms).

0(19) 0.8382(6)  1.0110(8) 0.6384(4) 51(4)

0(20) 0.8584(7)  0.9675(9) 0.7325(4) 56(4)

021 0.6519(7)  0.9669(9) 0.7697(4) 66(5)

0(22) 0.5071(7)  1.0182(9)  0.6994(4) 63(4)

0(23) 0.3583(6)  0.7996(9) 0.6738(4) 70(5)

0(24) 0.4030(7)  0.6049(9) 0.7259(4) 74(5) 2

0(25),, 0.205(1) 0.2702(9) 0.2034(5)  116(7) S |,

0(26),, 0.152(1) 0.600(2)  0.0381(7)  128(9) E

0(27) 0.012(1) 0.800(1)  0.0172(5) 87(6) g

0(28),, 0.024(2) 0.424(2)  0.9271(8)  146(10) =

0(29),, 0.230(3) 0.364(5)  0.016(2) 271(18)

0(30),, 0.095(3) 0.028(4)  0.489(1) 222(13)

0(31), 0.219(2) 0.832(3)  0.980(1) 199(11)

0(32),, 0.101(4) 0.365(5)  0.086(2) 285(22)

N(11) 0.0675(7)  0.7688(9)  0.3333(4) 40(4)

C(12) 0.0198(8)  0.7730(9) 0.3554(6) 45(6)

C(13) —0.0793(9)  0.671(1)  0.3356(8) 77(8)

C(14) —0.0676(9)  0.8914(9) 0.3424(7) 58(6)

C(15) 0.009(1) 0.765(2)  0.4071(9) 91(6)

N(21) 0.0239(7)  0.7363(9) 0.7536(4) 40(4) ‘
C(22) 0.1231(8)  0.7267(9) 0.7441(6) 41(5) 1200 1000 800 oo _ 400
C(23) 0.139(2) 08312  0.713(1) 130(15) viem

C(24) 0.1316(1)  0.609(2)  0.7176(7) 72(8)

C(25) 0.1871(1)  0.7262(3) 0.7889(9)  116(12)

N(31) 0.2147(9)  0.153(2)  0.9492(6) 91(8)

C(32) 0.3091(9)  0.135(2)  0.9400(8) 91(9)

C(33) 0.334(2) 0.253(3)  0.915(1) 145(11)

C(34) 0.312(3) 0.034(4)  0.906(2) 169(13)

C(35) 0.378(2) 0.128(3)  0.984(1) 125(9)

2Ueq=1/3Z U;a/*, a* cosla;, a;) (A2 x 10* for Cr and Mo; 10°
for O atoms).

Fig. 1. These spectra are characteristic of the Anderson
anions of formula [H¢X"Mog0,,1°” and [HgX™
Mo¢0,,]%7.192%30 In the infrared spectrum, the bands
associated with the Mo—O, bonds are displaced towards
higher wavenumbers as the size of the central atom

L 1 1 1

1050 850 650 450 250 5
V(em')

Fig. 1. IR and Raman spectra for both anions.
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increases.3® Table 4 lists the values of the frequencies of
the stretching modes for both compounds.

Description of the crystal structures. The X-ray structural
analysis reveals that the asymmetric unit of compound 1
is composed of an acentric chromohexamolybdate, three
tert-butylammonium cations and eight water molecules,
while the asymmetric unit of compound 2 consists of
half a chromohexamolybdate anion, one fert-butylammo-
nium cation and one water molecule.

Figure 2 shows both chromohexamolybdate anions,
together with the atom numbering scheme.

The chromium atom occupies the central octahedral
cavity of the crown formed by the six octahedra MoOy
that share edges. All the metallic centres, Cr and Mo,
are located in the same plane. In both anions, the central
octahedron CrOg is the most regular one (1.97-1.98 A
for compound 1 and 1.99-2.03 A for compound 2), while
the MoOyg octahedra show three types of distances, short
(1.69-1.72 A for 1 and 1.69-1.73 A for 2) with the
terminal oxygen atom, medium (1.92-1.95 A for 1 and
1.93-2.00 A for 2) with the doubly shared oxygen atoms
and long (2.28-2.31 A for 1 and 2.27-2.34 for 2) with
the triply shared oxygen atoms (with the Cr atom and
two Mo atoms); thus, only one type of MoQOg octa-
hedron exists.

It is seen that the most regular Cr—O distances are
those of the [H¢CrMo¢0,4]*~ from compound 1. On the
other hand, the intermediate Mo—O distances are longer
for the Anderson anion of compound 2. In addition, in
this anion the longest Cr—O distance is the one that the
0O(3), shared with the molybdenum atoms Mo(2) and
Mo(3), molybdenum atoms that also share the same
oxygen atom, O(6).

The bond orders for all oxygen atoms for both anions
have been calculated,? =33 confirming that the six protons
are joined to the oxygen atoms belonging to the CrOg

Table 4. Some assignments in the vibrational spectra of the
Anderson [Hg_,CrMog0,4]" anions.

Assignment 1 2 NH,*
IR bands
vs (M0-0,) 948 (s) 948 (s) 945 (s)
Vas (M0o-0y,) 891 (vs) 891 (vs) 894 (vs)
Vas (M0-0,-Mo) 706 (vw) 706 (sh)
650 (vs) 650 (vs) 657 (vs)
v (Cr-OH) 577 (w) 577 (m) 578 (m)
v(Mo-0.~Mo) 519 (w) 519 (w) 415 (w)
445 (w) 445 (w)
Raman bands
vs (Mo-0y,) 951 (vs) 951 (vs) 941 (vs)
Vas (M0-0y,) 963.5 (m) 959 (s) 897 (s)
942 (m)
907 (w)
v (Mo-0,~-Mo) 735 (vw) 735 (vw) 731 (w)
v (Cr-OH) 557 (w) 557 (w) 558 (w)
6 (Mo-0) 357 (w) 357 (w) 360 (w)
vs (Mo-0,) 215 (s) 226 (s) 215 (s)
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Fig. 2. ORTEP views for [HgCrMogO,,13~ anion (top) and
[H7CrM06024]2‘ anion (bottom) with atom labelling.

octahedron!® (bond orders: 1.17(2)-1.20(3) for com-
pound 1 and 1.11(5)-1.14(3) for compound 2).
Additionally, the oxygen atom O(6) of the Anderson
anion of compound 2 has a bond order of 1.48(8). Thus
it is possible that this oxygen atom and its centrosym-
metric partner, would be protonated at 50%, yielding the
anion [H,CrMo¢0,,]*~ or the existence of two anions
with different degrees of protonation: [HgCrMogO,,]~
and [HgCrMogO,,>~, as the ESR spectra of this com-
pound indicate.

The chromohexamolybdate anion has a D,y ideal
symmetry, with the molybdenum and chromium atoms
located on the same plane. It is seen that for the acentric
anion, the Cr atom deviates most (0.036 A) from the
average plane formed by the six molybdenum atoms and
the Cr atom, while in the case of the centrosymmetric
anion, the Cr atom is the one that deviates less (0.0006 A)
from the plane defined by the Mo and Cr atoms. On the
other hand, in the case of the acentric anion, all the
doubly shared oxygen atoms are located at 0.91-0.93 A
from the plane of atoms of Cr and Mo; however, in the
centrosymmetric anion the oxygen atom O(6) is at
0.98 A, while the other two doubly shared oxygen atoms,
O(4) and O(5), are at 0.92 and 0.95 A, respectively. This



fact could be due to the protonation of the oxygen
atom O(6).

The crystal structure of compound 1 projected onto
the plane (0 1 0) is shown in Fig. 3(a). The whole struc-
ture has a pronounced two-dimensional character and
can be viewed as a succession along the [1 0 — 1] direction
of layers of polyanions and separated by hydrophobic
layers of cations. The existence of two hydrophobic zones
is observed. The water molecules are hydrogen bonded
to the anions of the same layer.

The anions are disposed in zigzag rows along the b-
axis [Fig. 3(b)]. The anions [HgCrMogz0,,]*~ are con-
nected by means of hydrogen bonds involving their OH
groups, cations 1 and 2, and the water molecule O(13)w.
Cation 3 and the remaining water molecules link the
adjacent zigzag rows through a hydrogen-bonded
‘waterfall’.

The three-dimensional arrangement in compound 2 is
very similar to that of compound 1 and consists of
layers of polyanions and cations parallel to the (10 0)
plane following the sequence -cation-anion-cation-
[(Fig. 4(a)]. The hydrophobic groups of the cations are

(b)

Fig. 3. Compound 1: (a) view along the b-axis. N atoms
in filled circles and water molecules in grey circles;
(b) arrangement of polyanions in layers parallel to the
(10 —1) plane, dotted lines correspond to hydrogen bonding
of type Opoy—H """ Opory-

TERT-BUTYLAMMONIUM CHROMOHEXAMOLYBDATES

Fig. 4. Compound 2: (a) view along the b-axis. N atoms
in filled circles and water molecules in grey circles;
(b} arrangement of polyanions in layers parallel to the (10 0)
plane, dotted lines correspond to hydrogen bonding of type
0]

poty=H " Opoly-

directed to the regions x=0 and x=1/2. As can be seen
in the Fig. 4(b), each polyanion forms eight hydrogen
bonds with the nearest four polyanions (medium charac-
ter, O-0 2.72-2.74 A), giving rise to a two-dimensional
arrangement of polyanions. The links between these
polyanions are reinforced by the hydrogen contacts invol-
ving the tert-butylammonium cation and the water
molecule.

ESR spectral measurements. The observed spectrum for
compound 1 is characteristic of an S=3/2 system with
an appreciable zero-field splitting, of the same order as
the microwave energy employed in the experiment (hv=
0.32 cm™!). Four ESR signals centred about 1900, 3600,
6000 and 6800 G were detected [Fig. S(a)]. The positions
of these lines have been analysed in terms of the following
spin Hamiltonian:

H =gBHs + D[S,2— 1S(S + 1)] + E[S,2 — S,2]

and the deduced assignations are marked on Fig. 5(a).
Assuming an isotropic g-tensor, as it is usually observed
for Cr'™ compounds, the observed spectrum is consistent

1199



WERY ET AL.

)(y(\)I 'xy(ll) z('LII) Bl(II) xly(u)

1 1 1 1

2000 4000 6000 8000 H(Gauss)

(a)

1
8000 H Gauss)

1 1 1
2000 4000 6000
(b)
Fig. 5. X-Band ESR spectra for both compounds.

with a g-value of 1.91 and a zero-field splitting parameter
|D|=0.34 cm™'. The observation of only four lines sug-
gests that the rhombic E parameter is close to zero, even
if the rather large linewidth could preclude the observa-
tion of the corresponding splitting.

With the structural parameters having been taken into
account, the observed D-value can be attributed not only
to the distortion of the chromophore with respect to the
ideal octahedron but also to the existence of a certain
contribution of spin—orbit coupling that mixes the funda-
mental state with the first excited states. This last contri-
bution is also reflected in the reduction that the value of
g undergoes with respect to the expected value for the
free electron (2.0023).

Finally, it is not possible to deduce the sign of the D-
parameter, or determine which is the Kramer doublet of
lowest energy (M;=+1 or M,=+3) at zero field.
Usually, M= +1 is the state that stays at lowest energy,
but to solve this problem it would be necessary to make
the measurement at a temperature for which K7'~2D
(T=0.5K).

The ESR spectrum of compound 2 is shown in
Fig. 5(b). The existence of two different chromophores
is seen, both with approximately the same g-value but
with a clearly different zero-field splitting term.

The analysis of the signals of one of the centres
indicates that it is the same centre as that described for
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compound 1 and that it is characterised for g=1.98 and
D=0.337cm~'. The other centre only yields two lines,
one of them for a field value corresponding to g=1.98
and the other at approximately half that value (1750 G).
This situation is characteristic of a centre with a value
of the zero field splitting higher than radiofrequency
energy used in the measurement (D >» hv). The negative
observation of other XY and intermediate orientation
bands at fields lower than 10 kG implies that the D-
parameter is larger than 0.70 cm ™', meaning that this
centre must show a more distorted environment.

Conclusions

The hydrophobic methyl groups of the tert-butylammo-
nium cation tend to pack forming hydrophobic regions.
The compounds described in this work show a two-
dimensional arrangement of anions and cations in which
the distance between anion layers of 13.65 A for both
compounds, and consequently single crystals of these
compounds are quite easily exfoliated. Some differences
can be noticed with respect to the polyanion layers: in
compound 1 the polyanions form rows through
Opoty* " Opory hydrogen bonds, following the b-axis,
which are connected by the water molecules, while in
compound 2 the polyanions are disposed in a two-
dimensional arrangement, based on O, " * * Oy, hydro-
gen bonds, in which the water molecule and the fert-
butylammonium cation reinforce these contacts. The
influence of protonation is clearly visible in the degree
of hydration. The higher the polyanion’s degree of pro-
tonation, the smaller is the number of water molecules
in the compound.
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