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For the first time the detailed crystal structure of the ionic clathrate hydrate of
tetrabutylammonium valerate (C4Hg);NC4HoCO,-39.8H,0O has been determined by single crystal
X-ray analysis at 150 K. The idealized water—anion host framework consists of five-compartment
polyhedral cavities 4T-P and small D cavities. Butyl chains of the cation and the anion of
(C4Hg)4sNC4HyCO; are included in the five-compartment cavities with displacement of two
“inner”” host water molecules. The inclusion of the guest entities leads to the distortion of
D-cavities which are partially filled by additional “guest” water molecules. The other D-cages are

empty. The structure exhibits significant disordering. The adequate model of disordering and

inclusion mode of the guest moieties have been obtained. Special features of the crystal structures

of ionic clathrate hydrates of tetraalkylammonium carboxylates are discussed.

Introduction

In the crystal structure of polyhydrates of tetrabutyl- and
tetraisopentylammonium carboxylates, water molecules together
with the oxygen atoms of the carboxylate anions form the
polyhedral water—anionic host framework through hydrogen-
bonding (hydrophilic hydration). Hydrophobic parts of cations
and anions are incorporated in polyhedral cavities of the
water—anionic framework so that distances between the atoms
of hydrophobic groups and water framework are not less than
a sum of their van der Waals radii (hydrophobic hydration).!”
These compounds belong to the ionic clathrate hydrates
(according to Jeffrey’s classification') and their host lattices
are structurally related to those of gas hydrates. The latter
have been subjected to comprehensive study, particularly in
the last forty years subsequent to discovery of vast amount of
methane in hydrated form in situ both in marine sediments
and permafrost regions (estimates of methane volume in gas
hydrates deposits vary significantly, but even according to
a conservative estimate, ~6 x 10" m?, it is two orders of
magnitude greater than that found in conventional assured gas
resources).*®

The ionic clathrate hydrates of tetraalkylammonium salts have
been extensively investigated in the last decade as potentially
available for manifold applications. The tetrabutylammonium
bromide hydrates attract attention as materials for cold storage
and transportation since (1) their latent heat of phase changes is
sufficient for cold storage, and (2) their formation/decomposition
temperatures lie in the range of 012 °C (depending on the salt
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concentration), and in addition, (3) they form a slurry, that can be
transported directly through a pipeline.” '° The capability of ionic
clathrate hydrates to incorporate small gas molecules such as
hydrogen,'" ™' methane,'""'®" nitrogen,'""'” hydrogen sulfide,"”
carbon dioxide''*? due to existence of empty cavities in their
crystal structures opens up possibilities to use them for storage,
transportation and separation of gases.'®'82' Very recently
tetrabutylammonium borohydride clathrate hydrate was demon-
strated to include molecular hydrogen in vacant cavities of crystal
structure and thus can be used as a hybrid material for hydrogen
storage (H, releases under clathrate decomposition and additional
hydrogen is produced via a hydrolysis reaction between the water
host molecules and borohydride anions).?

There is a connection between the hydration of hydrophobic
groups, hydration of biomolecules, and structure of liquids.
There are evidences of the formation of clathrate-like ordered
water structures around biomolecules.>® The results of the
studies of aqueous solutions of nonelectrolytes are often
interpreted in the frame of clathrate-like models of liquid
water.>* From this point of view the investigations of ionic
clathrate hydrate crystal structures are important since they
enable creation of a base for modeling of structures of aqueous
solutions of organic compounds and structures of hydration
shells of biomolecules.

Many of ionic clathrate hydrates of tetrabutylammonium
carboxylates have been analysed by phase diagram studies, and/
or crystallographic data,? but their crystal structures are still
unknown. This can be mainly explained by the fact that
structure solution of such compounds is complicated by a low
scattered intensity due to the lack of heavy atoms, significant
positional and oriental disordering, and pseudosymmetry of
host framework.>*%32

Previous studies showed that several ionic clathrate hydrates are
formed in tetrabutylammonium valerate (C4Hg)sNC4HoCO,-H,O
binary system (Table 1).2%"%° The T,X-phase diagram of this
system is very complicated. It was scrutinized in ref. 25 by
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Table 1 Hydrates numbers, m.p. and crystal data for ionic clathrate hydrates of tetrabutylammonium valerate

Unit cell dimensions/A

Bravais lattice,

Hydrate number M.p./°C Laue symmetry a ¢ 4 References
39.7 10.2 P, 4/mmm 23.5 12.3 4 25,26

40 (1) 10.6 — — — — 27

39.5 (1) — 4/mmm 23.59 12.43 4 30

— — m-3m 12.31 — — 30

35 11.2 — — — — 25,26

35 9.6¢ — — — — 25,26

35 8.9¢ — — — — 25,26
31.6(3) 10.5¢ P, m-3m 12.4(1) — 1.33 25,26

27 9.4¢ — — — — 25,26

“ Metastable phase.

differential thermal analysis and the existence of six distinct
polyhydrates was revealed in the clathrate formation region.
One polyhydrate was stable and the other five were metastable.
Crystallographic data (crystal symmetry and unit cell metrics)
were obtained only for two polyhydrates with hydration
numbers 39.7 and 31.6 and they were ascribed to tetragonal
structure-I (TS-I) and cubic structure-1 (CS-I), respectively, but
detailed crystal structures remained unknown.

In this paper, for the first time the structure of the tetragonal
ionic clathrate hydrate of the tetrabutylammonium valerate
(C4Hg)4NC4HoCO,-39.8H,0 is described. The hydrate number
obtained from the structure determination (39.8) is in close
agreement with analytical data (39.7).

Experimental

An aqueous solution of tetrabutylammonium valerate was
prepared by neutralizing an aqueous solution of tetrabutyl-
ammonium hydroxide (10 wt%, “‘pure” grade) with an aqueous
solution of valeric acid (~70 wt.%, “pure” grade). The
solution obtained was cooled (+1-+3 °C) until crystalline
specimens were produced. The crystals obtained were collected
by filtration, and then recrystallized twice in the same way.
The polyhydrate crystals were grown as transparent tetragonal
prisms from ~20 wt% salt solution at a temperature between
+2-+3 °C. For analytical determination of the hydrate
composition a portion of crystals was separated out from
the above solution and quickly dried between two sheets of
filter paper. The concentration of the tetrabutylammonium
valerate was determined by measuring the amount of tetra-
butylammonium cation by potentiometric titration with a
sodium tetraphenylborate solution and ion-selective electrode.
The stoichiometry of the compound corresponded to the
composition (C4Hg)sNC4HoCO,-(39.7 + 0.1)H,O. The m.p.
was determined in a thin-walled glass capillary and was found
to be 11.3 °C.

Two X-ray data collection experiments were performed
at 150 K. In the first attempt rather sizeable single crystal
0.7 x 0.7 x 1.0 mm was selected. The diffraction data were
collected with a Bruker X8 APEX diffractometer equipped
with CCD detector and Mo-Ka radiation source.*® Full sphere
was collected using ¢ and ® scan mode over a 260 range of
2.46°-50.0° with data completeness over 99%. The structure
was solved by direct methods and refined by full-matrix

least-squares on |F|? using SHELXTL programs set in P4,/
mnm. Thermal parameters of ordered water oxygen (OO0x)
were refined anisotropically. Oxygen atoms of water molecules
at essentially split positions (Olx, O2x, O3x) were refined
isotropically with equal displacement parameters for the
atoms at the same site. Positions of water hydrogens were
not determined. Non-hydrogen atoms of the guest species
are refined isotropically as disordered over four sites with
restraints on interatomic distances (parameters of restraints
are 1.52(5) A for C-C and C-N bonds, 1.25(5) A for carboxylate
C-0 bond; 2.49(10) A for C—X~C and C-X-N, 2.38(10) A for
O0-C-C, 2.20(10) A for O-C-O angle distances). The decreasing
of positional disordering is most likely in the space group of
lower symmetry P4,/m. However a structure refinement in this
space group with using of appropriate twinning matrix did not
lead to a less-disordered system. Coordinates of hydrogen
atoms of the tetrabutylammonium cation were determined
geometrically. The final cycles of the structure refinement
were carried out on the reduced data set with 20 range of
5.52°-39.96° to diminish the influence of missing water hydrogen
atoms on resulting R-values (R = 6.72%, wR = 20.12% for
1575 data with Fy > 4a(Fp)). In spite of data set reduction, the
refinement process remained stable and no essential changes in
the structure model were observed.

Another single crystal experiment with a crystal sized
0.2 x 0.2 x 0.3 mm was carried out to ensure that the quality
of the X-ray data has not been affected by the large size of the
crystal studied. The diffraction data were collected with a
Nonius Kappa CCD diffractometer using Mo-Ka: radiation.**
A quarter sphere was collected in ¢ and ® scan mode over 26
range of 5.82°—49.42°, data completeness 61.9%. The structure
refinement was carried out as described above to converge to
R = 7.19%, wR = 21.66% for 1614 data with F, > 4c(F)).

Final refinement was performed with the use of combined
data sets from the two independent data collections. The batch
scale factors were determined using refinement procedures of
the SHELXL-97 programme, then the both sets were merged
into a combined single reflection file. This procedure did not
reveal any special characteristic of the component data sets but
is a convincing proof the large crystal used for the first data
collection did not provoke any systematic bias of the resulted
X-ray structure.

Crystal data and structure refinement information are listed
in Table 2.
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Table 2 Crystal data and structure refinement for (C4Hg)sN C4HoCO,-39.8H,0O

Chemical formula
Formula weight
Temperature
Crystal system, space group
Unit cell dimension:
a
c
Volume
Z, calculated density
F(000)
Crystal size
0 range for data collection
Index ranges
hmina hmax
min> max
lmim lmax
Unique reflections
Data/restraints/parameters
Goodness of fit on F*
R-values [I > 2s (1)]
R-values (for all data)
Largest diff. peak and hole

Ca1 Hizas N Og1 8
1060.87

150(2) K

tetragonal, P4,/mnm

23.322(1) A

12.278(1) A

6678.2(7) A3

4,1.055Mgm

2368

1.0 x 0.7 x 0.7, 0.2 x 0.2 x 0.3 mm’>
2.76 to 19.98°

0,15

0,22

0,11

1721

1721/46/205

1.108

R = 0.0668, wR = 0.2069
R = 0.0692, wR = 0.2098
0.278 and —0.203 ¢ A~?

Single crystal X-ray diffraction data have been deposited
with the Cambridge Crystallographic Data Centre, deposition
number CCDC 693261+.

Results and discussion

For hydrate structures, it is convenient to describe an idealized
host water framework admitting that all vertices of the poly-
hedra are water oxygens and all the edges are equal, and then
to discuss distortions appearing on guest molecules inclusion.

The host framework of the studied hydrate can be con-
sidered as a distortion of the idealized water framework of
the tetragonal structure-I (TS-I) with space group symmetry
P4,/mnm and unit cell dimensions ¢ ~ 23 A, c ~ 12 A.
The idealized host water lattice of TS-I can be described as a
close packing of polyhedral cavities (D, T, P cavities) com-
posed of hydrogen-bonded water molecules. D, T, P cavities
are pentagonal dodecahedron (5'%), tetrakaidecahedron
(5'%6%), and pentakaidecahedron (5'26%), respectively. The
ideal unit cell stoichiometry is 4P-16T-10D-172H,0.! Thorough
structure description reveals that the layers perpendicular
to [001] direction consist of D' (Wyckoff position 8i),
D?(2a), T'(8i) and P(4f) polyhedra (here and hereinafter the
upper indices are used to denote symmetry-nonequivalent
polyhedra), as shown in Fig. 1. The whole framework is
constructed from these layers rotated by 90° relatively
to one another, so that (1) three adjacent pentagonal faces
of P cavity of one layer are shared with pentagonal faces
of two D' and one D? cages of another layer, and (2)
three adjacent pentagonal faces of T' cages of one layer
are shared with pentagonal faces of two T' and one D' cages
of another layer. Such arrangement also results in the
formation of T2 cavities in 8j position between the layers.
Thus, the ideal unit cell composition can be described as
8T'-8T°4P-8D'-2D*172H,0.

Inclusion of tetrabutylammonium valerate induces dis-
tortions of the ideal water framework of TS-I. Five polyhedra
are fused to form a larger five-compartment 2T'-2T?.P cavity

with point symmetry mm?2 (Fig. 2a). In this cavity the vertices
of the edge common to P, two T2, and one T' polyhedra are
not occupied by water molecules. The vertices of 2T!.2T>P
cavity can be classified into three types. Vertices of a- and
B- types are four-connected oxygen atoms belonging to one
(a-type) or two (B-type) of the five polyhedra, whereas y-type
vertices are three-connected oxygens belonging to three of the
five polyhedra of this five-compartment cavity. The oxygen
atoms of B- and y-types are bonded only with oxygens within
2T'2T%P cavity, whereas one bond of o-type oxygens is
directed outwards. Five-compartment 2T'-2T>P cavity has
six vertices of the y-type. Two of them lie on the mirror plane
and belong to one T! and two T? polyhedra (y;), whereas the
other four occupy general positions and belong to P, T! and T?
polyhedra (y,).

Fig. 1 The polyhedral layer perpendicular to the [001] direction. D',
D> T!, P cavities are marked with yellow, canary-yellow, blue, and
lilac, respectively.
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Fig. 2 The five-compartment 2T'-2T2P cavity: (a) lilac and red balls
are the oxygen atoms of y- and B-types, respectively; (b) accommodation
of tetrabutylammonium cation—valerate anion guest pair is shown in van
der Waals radii.

The cation—anion pairs of tetrabutylammonium valerate are
located in these 2T"'-2T>P cavities (Fig. 2b). Four butyl chains
of the cation are accommodated within P, T!, and two T>
polyhedra. The butyl chain of the anion is arranged in the
remaining T' polyhedron. Incorporation of the oxygen atoms
02 and O1 of the valerate carboxyl in host framework results
in replacement of the two adjacent water molecules (y,- and
B-types) belonging to the P and T' compartments. Inclusion of
guest particles breaks the symmetry of the cavity and results in
statistical disordering in both guest and host subsystems. The
guest species are disordered over four distinctly differing
positions (Fig. 3). Disordering in the host framework leads
to splitting positions of y type water oxygens, and to elongated
thermal ellipsoids of adjacent B type water oxygens (004, O0S,
0O0C, O0D). Inclusion of alkyl groups of the cation “squeezes
out” O32 (y;) and 022, 023 (y,) water oxygens belonging to
T! polyhedron of 2T'-2T%P cavity (Table 3). Their resulting
bond angles are significantly different from tetrahedral ones
(Table 4). The surroundings of O31 (y;) and O21 (y,) of water
molecules belonging to the T' cavity filled by the alkyl group
of the anion are closer to the idealized framework structure.

Some D' cavities are filled by additional “‘guest” water
molecules (OOE). It is likely that D' cavities can exist in two
basic configurations (Fig. 4): (1) a slightly distorted one
containing 021, 023, and O31 oxygen atoms; (2) a strongly
distorted one containing 022, 032 atoms of water molecules
and oxygen atoms of carboxyl group. In the latter case the

Fig. 3 The scheme of guest moieties disordering. Four different
positions of guest butyl chains in 4TP five-compartment cavity are
marked with yellow, lilac, blue, and green.

Table 3 The deviations of y-type oxygen atoms from special planes
through the three adjacent B-type oxygen atoms

Atom (y) Three adjacent atoms (f3) Distance to plane“, A
02 008°, 00D, Ol —0.083(18)

021 008, O0D, O11 1.075(12)

022 008, O0D, O11 —0.239(15)

023 008, O0D, O11 0.498(13)

031 004, 004, O0C 0.862(9)

032 004, 004, 00C 0.174(9)

“ Negative value for distance implies that atom and center of five-
compartment cavity are arranged on opposite sides of plane. * Symmetry
code: 1 — y, 1 — x, z; © Symmetry code: x, y, —z.

Table 4 Selected bond angles (°)

008-021-00D 100.5(4) 004-031-004¢ 112.3(3)
008-021-011 109.1(4) 004-031-00C 110.4(2)
00D-021-011 111.5(4)
008-022-00D 118.2(5) 004-032-004¢ 121.03)
008-022-011 116.7(4) 004-032-00C 118.9(1)
00D-022-011 122.7(5)
008-023-00D 110.0(6)
008-023-011 118.3(6)
00D-023-011 121.9(5)

021, 022, 023, 031, 032 are y-type oxygens.” Symmetry code: x, y, —z.

“guest” water molecule OOE is surrounded by three adjacent
atoms 022, 032, and O2 at the distances of hydrogen bonding.

If the D' cavities exist only in the two configurations
described above and all strongly distorted D' cavities contain
the “guest” water molecule, the occupancy of the OOE atom
would be 50%. However, the experimentally observed s.o.f. is
40.6(16)%. That may be due to (1) refinement faults (‘“guest”
water molecules disordered over several positions were refined
as a single oxygen atom), and (2) the presence of unoccupied
strongly distorted D' cavities or D! cavities with intermediate
configuration. It should be noted that the proposed disorder-
ing model is not strict. Interatomic distances and angles in
tetrabutylammonium valerate species significantly deviate
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Fig. 4 The slightly (a) and strongly (b) distorted D' cavities. The
oxygen atom of guest water molecule is marked with pink.

from the characteristic values. The tendency of shortened
interatomic distances and increased bond angles can be attributed
to determined positions resulting from averaging of some
actual positions. The possibility of two close positions of the
anion alkyl radical is suggested by the increased Uiso value
for CO1 as compared to the neighboring atoms. Structure
refinement in anisotropic fitting reveals an elongated ellipsoid
with principal rms atomic displacements 0.4431, 0.1203 and
0.0447. Taking into account that slight steric hindrance
between the cation and the anion occurs only for the hydrogen
atoms connected with CO1, one may assume that each of these
positions corresponds to one of two possible orientations of
cation. In the host framework O---O hydrogen bonding
distances mostly range from 2.73 to 2.86 A. The longest
(max. 2.93(1) A) and the shortest (min. 2.51(1) A) distances
are observed for 004, 008, O0C, O0D, OOE oxygen atoms,
which are the averaged for several positions. Each of the above
mentioned oxygen atoms makes both the shortest and the
longest bonds.

Hydrogen bond angles vary in a broad range (minimum
value 84.1(1)° for O0C-032-O0E angle, maximum value
156.5(3)° for 022-0O0B-02). However, there are several bond
angles for each water molecule, except OOE, that correspond
to the optimal range (105°-109.5°). This means that different
orientations of water molecules have different binding energies.
As a result, partially ordering of hydrogen atoms of the host
framework must occur.

Indicative characteristics of the host water framework are
the hydrogen bonds balance (4) and the hydrate number (4). 4
can be determined as a difference between a number of
“donor” hydrogen atoms () and the number of lone electron
pairs of oxygen atoms (b) within the range of hydrogen
bonding normalized to one guest particle. Provided “donor”
hydrogens belong only to the water molecules, d is equal 2/.
Omitting the “guest”” water molecules, 4 and /1 can be calculated
by the following way: (1) # = N/Z = 172/4 = 43, where N is
the number of water molecules in idealized unit cell of TS-I

and Z is the number of guest molecules in the unit cell (since
all water molecules are four-connected, 4 = 0) and b =
2h = 43 x 2 = 86; (2) inclusion of guest moieties causes
a removal of chains of four framework vertices (Fig. 5a),
resulting in the decreased hydrate number 7 = 43 — 4 = 39
and b = 86 — 13 = 73; (3) inclusion of oxygen atoms of
carboxyl group in the y and B positions of the host water
framework (Fig. 5b) yields five additional O- - -O pairs suitable
for hydrogen bonding, b = 73 + 5 = 78; the hydrate number
and the number of donor hydrogen atoms being preserved.
This framework is proton-balanced, 4 = 24 — b = 0.
Inclusion of “‘guest” water molecules causes the hydrate
number to increase up to 4 = 39.81(3). The 4 value depends
on the accepted model of inclusion of the “‘guest” water
molecules. The present model of inclusion of the “guest”
water molecules within distorted pentagonal dodecahedra with
three inward vertices leads to a proton deficient structure with
A = —0.81(3), i.e. 0.990 protons per each hydrogen bond.
According to the structure model proposed by Jeffrey and
co-workers for the hydrate of tetrabutylammonium benzoate
(C4Ho)4NC4H5CO,-39.5H,0,% water molecules are arranged
in distorted pentagonal dodecahedra with two inward vertices
yielding the proton-balanced structure. The vacant D' cavities
have on average 0.5 and 1.2 inward vertices each for the first
and the second model, respectively. Most likely, an intermediate
situation with the smaller proton deficiency and the larger
number of little distorted cavities is actually realized. It is
known, that in the water systems the cluster (H,O),H"
exhibits exceptional stability and there is evidence that it
represents a pentagonal dodecahedra with encaged H;O .3
Additional experimental and theoretical studies are necessary
to clarify this question.

The formation of a variety of hydrated solid phases with
insignificant differences in compositions and melting points is an
attribute of tetraalkylammonium salt-water systems,>>>26-31:36-38
Phase behavior of the tetraalkylammonium carboxylate—water
systems is particularly rich,?® but the number of polyhydrates in
these systems remains controversial.>*>” As evident from Table 1,
the number of polyhydrates in a (C4Ho)sNC4HoCO>—H,O binary
system reported by different authors varies from one®’ up to
six,>>?® but crystal structures remained unexplored. The
detailed crystal structure of one of the six polyhydrates of
tetrabutylammonium valerate studied in the present work is
the first step to understanding crystal chemical peculiarities of
hydration in this and similar systems. Unfortunately, we have
not succeeded in growing the crystals of other polyhydrates in
this system. The growth of metastable hydrated phases is a
very difficult problem. Although some of them remain in
metastable state for a long time, single crystals suitable for
X-ray analysis have not been obtained so far.

Prior to the present work, the information about the
structures of ionic clathrate hydrates of tetraalkylammonium
carboxylates was limited to two structures only: tetragonal
tetrabutylammonium benzoate (C4H9)4NC6H5C02~39.51-1202
and orthorhombic tetraisopentylammonium propionate
(i-CsH;)4NC,H5CO,-36H,0.>The comparison of the above-
mentioned structures and tetragonal (C4Hg)4NC4HoCO,-
39.8H,0 reported here reveals their common topological
features: (1) the formation of five-compartment cavities
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Fig. 5 The illustration of the hydrogen bonds balance calculation:
(a) a removal of chain of four framework vertices; (b) inclusion of the
valerate anion.

containing the alkyl chains of cations and anions, and (2) the
inclusion of hydrophobic groups is accompanied by displace-
ment of two “‘inner”” water molecules of this combined cavity.
This discriminates them from ionic clathrate hydrates of
tetrabutyl- and tetraisopentylammonium halides for which
the formation of four-compartment cavities and displacement
of one “inner” water molecule are inherent.' 337 Let us
note that in earlier discussions of the experimental hydrate
numbers of polyhydrates of tetrabutylammonium valerate
derived from the phase diagram,>%%’ the authors assumed
that inclusion of the cation is accompanied by the displacement
of one water molecule from the idealized host framework.
Notably, butyl chains of the cation are located in four-compartment
cavities, and the butyl group of the anion occupies a separate
cavity. Taking into account that the oxygens of the carboxyl
group substitute two water molecules of the idealized host
framework, the ideal hydrate number for the tetrabutyl-
ammonium valerate hydrate of TS-I must be 40, being in
good agreement with the experimental value 39.7. In the
present work we demonstrated that the ideal stoichio-
metry for tetrabutylammonium valerate hydrate of TS-I is
(C4Hg)4sNC4HoCO,-39H,0 and additional 0.8 of water molecules
come from enclathration of ‘“guest” water molecules within
distorted D-cavities.

Another general feature is that the inclusion of guest
molecules breaks the site symmetry, however lowering of
structure symmetry does not occur owing to spatial averaging
of statistical disordered cavities.

It is necessary to emphasize that the obtained adequate
model of disordering made it possible to find the detailed
geometrical model of inclusion of guest moieties for the TS-I

hydrates (for TS-I of (C4Hy)4NCsHsCO,-39.5H,0 hydlrate2
studied previously, only a solution with an R-value as high as
17.5% was obtained). These results can be useful both for the
refinement of characteristics of this structure by computer
simulation techniques, and for assessing the validity of struc-
tural models of tetrabutylammonium carboxylate hydrates
with a higher degree of disordering.

This structure solution revealed some uncertainties regarding
different configurations of distorted D cages, which cannot
be explicitly resolved with X-ray diffraction techniques. The
present structure model can become a basis for clarifying these
features by other methods.

Conclusion

The preparation and crystal structure of the tetragonal
ionic clathrate hydrate of tetrabutylammonium valerate
(C4H9)4sNC4HyCO,-39.8H,0O are reported. Due to the high
symmetry of host crystal lattices and inevitable disorder of the
guest components the hydrate structures like this require
extensive modeling as an integral part of the structure solution
procedure. The ideal stoichiometry of the hydrate has been
revealed and the details of the hydrate framework and inclusion
mode of the guest salt have been obtained.

The analysis of the peculiarities of the structures of ionic
clathrate hydrates of tetrabutyl- and tetraisoamylammonium
carboxylates (C4Hg)4N(C4HoCO,)-39.8H,0 presented in this
paper and previously studied structures (C4Hg);NCgHsCO,-
39.5H,0, (i-CsH;,)4NC,H5CO,-36H,0? showed that in an
estimation of the ideal stoichiometry of similar structures, not
only does displacement of two water molecules from the
idealized clathrate hydrate lattice by carboxy-anion have to
be taken into account, but also replacement of two water
molecules by the central nitrogen atom of guest salt molecule.
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