
Elektronendichte um eine Ladungseinheit eine chemi-
sche Verschiebung des Protonensignals von 9,8 ppm 
entspricht. Dieser Wert stimmt sehr gut mit den Er-
gebnissen analoger Betrachtungen an Pyridinderi-
vaten 8 und mit verschiedenen Literaturwerten 9 - 1 1 

überein. 

Die Durchführung dieser Untersuchungen wurde 
durch Mittel der Deutschen Forschungsgemeinschaft 
und des Fonds der Chemischen Industrie unterstützt, 
wofür an dieser Stelle herzlich gedankt wird. 

9 B. P. D A I L Y , A. G A W E R U. W. C. N E I K A M , Discussions Fara-
day Soc. 34, 18 [1962] . 

10 J. I. MUSHER, J. Chem. Phys. 37, 34 [1962] , 

11 T. SCHÄFER U. W. G. SCHNEIDER, Can. J. Chem. 41, 966 
[1963]. 

Dynamics of Water in Crystal Hydrates 
I. The !H-NMR Spectra of Na2S206 -2H20 and Li 2 S 2 0 6 -2H 2 0 Single Crystals 

I N G O B E R T H O L D a n d A L A R I C H W E I S S 

Eduard-Zintl-Institut der Technischen Hochschule Darmstadt, Lehrstuhl für Physikalische Chemie 

(Z. Naturforschg. 22 a, 1433—1440 [1967]; received 24 May 1967) 

The 1 H-NMR spectra of Na 2 S 2 0 6 - 2 H 2 0 and L i 2 S 2 0 6 -2 H 2 0 single crystals have been investi-
gated at room temperature. The influence on the NMR spectra by the dynamical behaviour of the 
water molecules is discussed. The direction cosines of the different p — p lines were determined 
with a modified P A K E formula given by PEDERSEN. The parameters of the librational motions of the 
water molecules were calculated by the help of infrared data. The equilibrium H —H-distance in 
the water molecules was found to be 1.52 A. 

The investigation of the nuclear magnetic reso-
nance spectra of protons in crystal hydrates is quite 
a valuable tool in studying the geometrical arrange-
ment of water molecules in solids. As P A K E 1 has 
shown in his investigation on gypsum, C a S 0 4 2 H 2 0 , 
the informations directly available by this method 
are the number of crystallographically different po-
sitions of water molecules in the unit cell and the 
lengths and direction cosines of the intramolecular 
p — p lines of the different water molecules. The equi-
librium configuration and the intramolecular dis-
tance of the protons are influenced by the vibratio-
nal motion of the water molecules. Therefore P A K E S 

theory has to be modified by introducing the dy-
namical effects of the water molecules. This was 
shown by DAS 2. The theory of the influence of the 
dynamical behaviour of water on the 1H-NMR spec-
tra in crystals was given by P E D E R S E N 3. Unfortu-
nately the determination of the equilibrium lengths 
and direction cosines of the p — p lines with P E D E R -

S E N S theory is not possible without theoretical as-
sumptions or some further experimental informa-
tions. 

1 G. E. P A K E , J . Chem. Phys. 1 6 , 3 2 7 [ 1 9 4 8 ] . 

In this paper we wish to discuss the application 
of P E D E R S E N S theory in interpreting the results of 
an experimental investigation of 1H-NMR spectra 
in crystal hydrates. The proton magnetic resonance 
spectra of sodium dithionate dihydrate, Na2S206 

• 2 H20, and lithium dithionate dihydrate, Li2S206 

• 2 H20, have been studied at room temperature to 
prove the theoretical arguments. In connection with 
infrared data the equilibrium distance of the p — p 
lines could be determined. 

Theory 

The 1H-NMR spectrum arising from the two pro-
tons of one water molecule in a single crystal is 
characterized by a doublet, whose splitting AH (con-
veniently measured in Gauss) depends on the orien-
tation of the single crystal in the external magnetic 
field H0, on the magnetic moment of the proton /u 
and on the intramolecular distance Re of the two 
protons. The magnetic dipolar splitting AH due 
to the magnetic dipolar interaction of the water 

2 T. P. DAS, J. Chem. Phys. 27, 763 [1957] . 
3 B. PEDERSEN, J . Chem. Phys. 4 1 , 122 [1964] . 
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molecule is, as shown by P A K E 1 given by 

AH = (3 cos2 6 cos2 {cp — 9?0) — 1) • (1) tit 

cp0 is the angle between the projection of the intra-
molecular p — p line on the plane perpendicular to 
the axis of the crystal and a fixed direction lying in 
this plane (rotation plane). The direction chosen in 
the rotation plane may be a crystal axis, cp is the 
angle between this fixed direction chosen and the 
direction of the external magnetic field H0 in the 
rotation plane, d is the angle of inclination of the 
p — p line with regard to the rotation plane. There 
are two assumptions in deriving the P A K E formula 
[Eq. ( 1 ) ] : 

1. The water molecules in the crystal are far 
apart from each other and from nuclei with appre-
ciable magnetic moments. Then the pair of protons 
in one molecule may be described as an isolated two 
spin system. 2. The water molecule is rigid and 
fixed in its position in a rigid lattice. 

It is clear that the first assumption certainly is 
an approximation. If we assume that the substance 
is diamagnetic, the effective magnetic field seen by 
one proton of the water molecule is not only given 
by the external field H0 and the local magnetic field 
created by the second proton of the same water 
molecule but also by the next nearest neighbours 
with magnetic moments. Besides the intramolecular 
dipole-dipole interaction between both protons of 
the water molecule we have to take into considera-
tion the intermolecular interactions. In many cases 
the inter-interaction is much smaller than the intra-
interaction. Then we can treat the inter-interaction 
in first approximation as a small perturbation, which 
influences only the line shape of the NMR lines but 
not the line position. The influence of a weak inter-
interaction on the line shape causes an asymmetric 
broadening of the absorption signals. Therefore, the 
distance of the two maxima in the doublet is no 
longer a direct measure for AH in the P A K E equa-
tion [Eq. ( 1 ) ] . H O L C O M B and P E D E R S E N 4 have 
shown, that in such cases the distance between the 
centers of gravity of the two absorption signals is 
identical with the doublet splitting of an isolated 

4 D. F. HOLCOMB and B. PEDERSEN, J. Chem. Phys. 38, 54 
[1963], 

5 I . BERTHOLD and A . W E I S S , Z . Physik. Chem. Frankfurt 3 8 . 
140 [1963]. 

6 M . VAN M E E R S C H E , J . M . D E R E P P E , and P . W . L O B O , Acta 
Cryst. 16 ,95 [1963] . 

pair of protons. The center of gravity of an NMR 
line is given by the first moment 

oo oo 
v-v0 = Av=f (v„„> - v0) f(v) dvlff(v) dv . (2 a) 

0 0 

Finally the splitting of the doublet is 

Mx = 2 Av\y = AH . (2 b) 
MA is the first moment measured in Gauss. The ap-
proximation used in the application of Eq. (2 b) is 
valid as long as the ratio /?inter/^intra is larger than 
1.6. The substances investigated in this paper ful-
fill this condition. This was found by an investiga-
tion of the proton positions in sodium dithionate 
dihydrate under the assumption of static water mole-
cules 5' 6 and should also be true for the lithium di-
thionate dihydrate, since both substances have the 
same crystal structure and quite similar lattice con-
stants (see the following paper). 

During the last years different groups working 
on NMR spectroscopy of crystal hydrates 2' 3 ' 7' 8 

have shown, that the dynamical behaviour of the 
water molecules in crystal hydrates has to be con-
sidered in interpreting the results of 1H-NMR in-
vestigations. The problem of the dynamics of the 
water molecules was intensively discussed by P E D E R -

SEN 3. The vibrations of the water molecules in-
fluence the distance and the direction cosines of the 
p —p line in applying Eq. (1) for the calculation of 
the equilibrium arrangement of the water molecules. 
Therefore the P A K E formula has to be modified. One 
has to find the interpretation of the time averaged 
NMR spectra. The vibrational motions may be divid-
ed into two classes: a) the symmetric OH-stretching 
modes and bending modes acting only on the HH 
distance, and b) the torsional modes changing 
only the direction cosines of the p — p lines. The 
asymmetric stretching modes are not considered 
here. The influence of the OH-stretching and bend-
ing vibrations of the water molecules on the distance 
was discussed by many authors. The correction term 
given by P E D E R S E N is: R3 = 0.98• R3. The torsional 
vibrations are not as simple to introduce into the 
P A K E equation. This problem was treated by P E D E R -

SEN 3. He considered the special arrangement that 

7 J. W . M C G R A T H and A. A. S ILVIDI , J. Chem. Phys. 29, 104 
[1958]. 

8 T. CHIBA, J. Chem. Phys. 39, 947 [1963] . 



the projection of the p — p lines of the water molecule on the rotation plane is parallel to the crystal 
axis which was set to be the fixed direction defining the angle cp. Therefore the angle <p0 is zero. The 
modified P A K E equation he finds, is: 

Mx = 0.98 ^ {3 (1 - ( Q 2 ) - 2 ( & 2 })cos2 <5* cos2 cp 

+ 3 ( ( e x * ) - (&Z2)) C O S 2 dn cos2 [cp - cpn) + 3 ( Q 2 ) - 1} . (3) 
The angle d* in Eq. (3) has the same meaning as d in Eq. (1) . The angle cp is already explained in Eq. (1) . 
bn is the angle between the twofold axis of the water molecule and the rotation plane; cpn is the angle be-
tween the projection of the twofold axis of the water molecule on the rotation plane and the fixed direction 
in this plane defining the angle cp. Eq. (3) takes into account the torsional motions of the water molecule 
by the introduction of the torsional parameters ( & 2 ) a n d ( • The mean square amplitude of the tor-
sional motion of the p — p line around the twofold axis of the water molecule is ( @ 2 ) and around the 
axis of inertia perpendicular to the HOH plane (O x 2 ) - The third torsional motion, characterized by (& y 2 ) , 
has no influence on the 1H-NMR spectra since this motion does not change the direction cosines of the 
p —p lines. The torsional parameters are expressed in units of [rad]2. In the general case of non-special 
direction of the p — p line of the water molecules in the crystal the angle between the projection of the p — p 
line on the rotation plane and the fixed direction in this plane has to be introduced. This angle is called 

For cp0* 4= 0 the first moment Mx is given by 

Mx = 0.98 * £ {3 (1 - ( e * ) - 2 ( 6 2 ) ) cos2 <3* cos2 {cp - cpQ*) 

+ 3 ( ( Q 2 ) - ( & 2 > ) cos2 bn cos2 (cp - cpn) + 3 ( 0 2 ) - 1} . (4) 

This equation holds for a CARTEsian coordinate sys-
tem. Inserting 9 ? 0 * = 0 O , P E D E R S E N S result [Eq. ( 3 ) ] 
follows. The different angles in Eq. (4 ) are explain-
ed in Fig. 1. From the N M R experiment one can 

Fig. 1. The coordinate system defining the angles in Eq. (4) . 

deduce the first moment Mx as a function of the 
angle cp. Eq. (4) contains the angles (5*, cpQ*, dn, cpn 

together with the parameters (Q^), {O z 2 ) and Re . 
The torsional parameters (& x 2 ) a n d (®z2) a s 

as the equilibrium distance Re are constants and in-
dependent of the coordinate system chosen, while 
the angles 6*, cp0*, dn and cpn are connected with the 
rotation axes. 

In a general case one has to discuss separately 
the determination of cp0* for each problem. The 

problem is much easier to solve for the special cases 
Vn = n* or <Pn = 90° + cp0*. Under this assumption 
the correction term in Eq. (4) cos2 dn cos2 (9? — cpn) 
is in phase or 90° out of phase with the main part of 
the splitting function cos2 d* cos2(cp — cp0*) in this 
equation. Then the angles cp0* may be determined 
from the maximum splitting. If there is an angle 
difference £ + 0° or + 90° between <p„ and cp0* one 
can show that the accuracy in determining the angle 
cp0* from the maximum splitting decreases with in-
creasing £. It is rather difficult to derive an analyti-
cal expression for the accuracy in cp0*, since the 
accuracy does not only depend on e but on the val-
ues of d*, dn and cpn too. Concerning the problems stu-
died here the angles cpn and dn were known approxi-
mately ( ± 5 ° ) by a former determination of the 
proton positions in the unit cell of Na 2 S 2 0 6 - 2H 2 0 
(I .e . 5 ) . In this study XH-NMR was also used, but 
the normal P A K E equation without any correction 
for vibrational motions was the background for the 
interpretation of the experimental results. From 
the direction cosines of the p — p lines, and the 
knowledge of the H-bridge bonding, an approxi-
mate analysis about the positions of protons in the 
cell could be made. From this information we found 
that the condition cpn = cp0* or cpn = 90°+990* was 
not exactly fulfilled. The deviation angles were 



found to be 8° , 0.5° and 31.5° for the rotation 
around the crystallographic axes a, b and c respec-
tively. The accuracy in q?n* for the rotation around 
a and b axis was ± 0 . 5 ° and somewhat lower for 
the third axis. A control of the accuracy in cp0* is 
given by the relation: 

tg [^oö]o ' tg [^oc]&- tg [^oa] c = l • ( 5 ) 

This relation is valid for a CARTEsian coordinate 
system of axes a, b and c where the subscript of the 
bracket defines the rotation axis and the subscript of 
<p0* inside the bracket the fixed direction determin-
ing the rotation angle cp. The angles cp* are con-
nected with the angles by simple geometrical re-
lations as 

Ctg<5„ = t g [ 9 ? 0 a ] c / c o s [ 9 % > ] a > ( 6 ) 

so that the angles of inclination of the p — p lines 
on the different rotation planes may be calculated. 
Further relations are shown in Fig. 2 and can easily 
be transferred into trigonometric equations. 

a 

Rtsin[f0l]acos6Z 

Resin 6£ 

<6 
7 

Resin 6£ 

/Recosjrol]acos6* 

Fig. 2. Relations between the direction cosines of the p—p line 
and the crystal axes. 

The 1H-NMR single crystal investigations of the 
complete orthogonal set of rotation axes a, b, c leads 
to the angles cp0* and d* of the different p — p lines 
in the cell. In connection with the approximate val-
ues for cpn and dn a functional relationship between 
(G z 2 ) and (&x2) is n o w available. Out of the two 
special experimental points at cp = cp0* (Mx + ) and 
cp — 90° +</><)* ( Mx _ ) the prefactor 0.98' (3 /j) Re~ 3  

can be eliminated. It is obtained: 

where A and B are constants and independent from 
the rotation axes chosen. For the determination of 
(& x 2 ) and (& z 2 ) and finally Re we need a second 

0 D. F. HOLCOMB and B. P E D E R S E N , J. Chem. Phys. 36, 3270 
11962], 

relation between the torsional parameters or the 
direct knowledge of one of this parameters. P E D E R -

SEN3 found a relation between ( 0 2 2 ) and the po-
tential barrier V0 for the twisting mode: 

Eq. (7) was derived under the assumption of a po-
tential energy function of the form Vz = V0 • sin2 a, 
where a defines the torsional angle. V z approximates 
a harmonic potential when a is small. The potential 
barrier may be obtained by measuring the tempera-
ture dependence of the spin lattice relaxation time 7\ 
or by line width measurements of deuteron magnetic 
resonance spectra. The first method was applied in 
literature on C a S 0 4 - 2 H 2 0 9 , L i 2 S 0 4 H 2 0 9 and 
Ba(C103)o 'H20 10, the second on Ba(CI0 3 ) 2 -D 2 0 8. 
The values found for the potential barrier V0 are in 
the region between 5.0 and 7.3 kcal/mole. For 
Ba(C103 )2 -H20 a value of 5.0 and for Ba(C103)2 

•DoO a value of 6.6 kcal/mole was found. This is 
quite an interesting point as it possibly shows that 
the potential barrier in the deuterated compound is 
somewhat higher — the bridge bonding stronger. 
Finally the potential barrier should be a function of 
the length of the bridging bonds. Under this as-
sumption Eq. (7) is only valid for weak hydrogen 
bonds. The potential barrier V0 in Eq. (7) can be 
related to the twisting frequency vz and the moment 
of inertia Jz approximately by 

V0 = IJA2jzvz) 2. 

A reasonable value for V0 as discussed by P E D E R S E N 

is 6.5 kcal/mole if the water molecule is bound to 
two oxygen atoms. By inserting this value in Eq. (7) 
it is seen that at 300 °K (O z 2 ) - 0 . 0 5 6 . From the 
general formula for the torsional vibrations 

\ + exp (h V{jk 7) — 1 } ( 8 ) 

one gets an expression for the ratio ( @ 2 ) l ( 0 2 ) : 
(0X2) = fx tz f i + l/(exp(A Var/fc T) —1)\ 
<6>/> v2 fx I £ +1/(exp (h vz/k T) —1)1 ' 

Inserting for the force constant /$ = Jf (2 n 2, 
where is the moment of inertia, we get: 

_ < W > _ Vg_ Jz \i + l / ( expChv x /kT) - 1 )1 /Q\ 
<6>z2> Jx ii+l/(exp(A Vz/k 7*) — 1)j 

The proportionality ft~ Jpv 2 is an assumption which 
holds only for weak bridging bonds (exact only for 

10 J. W . M C G R A T H and A. A. S I L V I D I , J. Chem. Phys. 39, 3017 
[1963], 



free water molecules). The ratio of the moments of 
inertia for a water molecule may be calculated if the 
geometry of the molecule is known. For the HOH 
bond angle of 105 ± 5° we find: 

Jz/Jx = 0.66 ± 0 . 0 3 . 
With this ratio from Eq. (9) follows: 
(0x2)/(6*) = (0.66 + 0.03) (vz/vx) r(T). (10) 

r[T) stands for the B O L T Z M A N N part in Eq. (9). 
This equation is useful when the torsional frequen-
cies (twisting and rocking) are known. Sometimes 
it is possible to get informations about these fre-
quencies from IR or/and R A M A N experiments. In our 
case the frequency vx was available from IR spectra, 
while vz was assumed by comparison with the tor-
sional modes of B a ( C 1 0 3 ) 2 D 2 0 given by C H I B A 8 . 

If we assume that the potential barrier for the hin-
dered rotation around the twofold axis (z-axis) is 
lower than for the x axis (rocking motion) the ratio 
vzjvx is less than unity. In such cases the ratio 
{6X2)/{0Z2) is lower than 0.66. For B a ( C 1 0 3 ) 2 • D 2 0 

C H I B A has found from line width measurements of 
the D resonance as function of temperature a value 
(®x ) / ( ) of 0.42 at 300 °K. 

Results 

We have investigated the magnetic resonance 
spectra of the proton in sodium- and lithium di-
thionate dihydrate single crystals by turning the 
crystals around the three principal crystallographic 
axes at room temperature. A somewhat modified 
P O U N D — K N I G H T — W A T K I N S spectrometer 11 was mostly 
used. For lithium dithionate dihydrate, Li2S206 

• 2 H20, a R O B I N S O N 12 oscillator was found to be 
more sensitive. The Na2S206 • 2 H 2 0 single crystals 
were grown by a controlled cooling of a saturated 
solution of Na2S206 in the temperature range be-
tween 45 °C and 25 °C. The crystals are clear and 
stable in air. By filing and cutting, cylindrical 
samples 2—3 cm long and about 2 cm in diameter 
were prepared for the NMR experiments. The sam-
ples prepared in this way were glued on a teflon 
holder by help of a phosphate cement and optically 
adjusted on a goniometer head. Li2S206"2H20 is 
hygroscopic under normal conditions. Single crys-
tals of this compound were grown at constant tem-
perature by concentrating the solution in a closed 

and temperature controlled system over CaCl2 . In 
contact with solution the dihydrate is stable only 
above 24 °C. Below this temperature a second phase 
(tetrahydrate) precipitates. 

The 1H-NMR spectra of both compounds investi-
gated, Na2S206-2 H 2 0 and Li2S206 2 H20, consist-
ed of four peaks when the crystals were turned 
around a main crystal axis. This multiplicity is in 
accordance with the symmetry operations of the space 
group D ah — Pnma 5. The spectra of the two water 
molecules not identical in the NMR experiments 
differ by the transformation cpü* <—> — cp0* in Eq. 
(4). 

a) Na 2S 20 6 -2H 20 

In Fig. 3 the first moment Mx is given as a func-
tion of the rotation angle cp for sodium dithionate 
dihydrate when the crystals are turned around the 
crystallographic axes a, b, c. When the first moment 
is plotted as a function of cos2 (cp + cpQ*) a straight 

H0II [010] 

Fig. 3. JH-NMR spectra of N a 2 S , 0 6 - 2 H 2 0 . The first moment 
M t as a function of the rotation angle cp. 

line should be expected [this follows from Eq. (4 ) ] . 
For the three crystallographic main axes this behavi-
our was confirmed (Fig. 4) . The angles cpQ* were 

11 R. Y. POUND, Progr. Nucl. Phys. 2, 21 [1952]. 12 F. N. ROBINSON, J. Sei. Instr. 36, 482 [1958] . 



Fig. 4. 'H-NMR spectra of Na,S206-2 H,0. The first moment 
My as a function of cos2 (cp ± cp0*). 

determined from the maximum splittings of Mx with 
an IBM 7090 computer in the manner already dis-
cussed. The angles <5* were calculated using Eq. (6) . 
The results are given in Table 1 together with cpQ, 
<5 and the approximate angles cpn and dn calculated 
from Eq. (1) (see ref. 5 ) . 

The standard deviation in 9?0*, d* and <5 is it 0.5°, 
in cpn and dn ± 5 ° . As one can see from Table 1, 
the angles cp0 and d are not influenced by the dy-
namical behaviour of the water molecules (compare 
cp0*, d*) in our case. Inserting the angles given in 
Table 1 into Eq. (4) a relation between (& x 2 ) and 
( 0 2 2 ) was found. This relation was calculated on 
an IBM 7090 computer by standard least squares 
methods using all experimental points of the split-
ting curves. We found: 

a-axis rotation: ( 6 2 ) = 0.038 + 0.89 ( 6 2 ) ; 
6-axis rotation: ( © / ) = 0.034 + 0.94 ( & / ) . 

For the c-axis rotation the inaccuracy in the first 
moments Mx was high for such angles cp where the 
splitting was small; therefore the accuracy in get-
ting a functional relation between (& z 2 ) and (O x 2 ) 
is critical and poor. From a- and 6-axis rotation 
a mean value of 

{ 0 2 ) = 0 . 0 3 6 + 0 . 9 1 < 0 X 2 ) 

within an accuracy of 10% results. Eq. (9) to-
gether with Eq. (11) makes a determination of ( 0 x 2 ) 
and ( © 2 ) possible. We tried to find the unknown 
torsional frequencies in Eq. (9) by IR spectroscopy. 
Comparing the IR spectra of Na2S206 , Na2S206 

•2HoO and N2S206 -2 D 20 the frequency vx was 
found to be (463 ± 5 ) c m - 1 (see the following pa-
per), which is quite near to the frequency vx (H20) 
for B a ( C 1 0 3 ) 2 , H 2 0 ( 4 6 6 cm - 1 ) given by P E D E R -

SEN 3. The torsional frequency vz could not be as-
signed. We assumed that this frequency is equal or 
near to vz of Ba(C10 3 ) 2 H 2 0 which was calculated 
from C H I B A ' S data as 3 5 3 cm - 1 . Inserting those val-
ues in Eq. (9), the ratio ( @ x 2 ) / { @ 2 ) for room 
temperature was found to be 0.45 + 0.03. In con-
nection with the experimentally found relation be-
tween (&z2) a n d {02) we obtained: 

( Q 2 ) = 0 . 0 2 7 + 0 . 0 0 3 ; ( Q 2 ) = 0 . 0 6 1 ± 0 . 0 0 6 . 

The height of the potential barrier V0 is determined 
by Eq. ( 7 ) . With (0Z2) = 0 . 0 6 1 + 0 . 0 0 6 at room 
temperature a value of Vq = ( 6 . 0 + 1 ) kcal/mole fol-
lows. Inserting the torsional parameters and the 
angles given in Table 1 into Eq. (4) an equilibrium 
H — H distance in the water molecule of 

/ ? E = ( 1 . 5 1 5 + 0 . 0 1 5 ) Ä 

was calculated for Na2S206 -2 H20. The equilibrium 
distance Re between the two protons of the water 
molecules in the crystalline hydrate is identical with 
the value given for free water in the gase phase 
( 1 . 5 1 4 Ä 1 3 ) . 

axis cp 0 cpn dn CpQ 6 

a ±61°27 ' ±26°10 ' 158° 11° ±61 ,5° ±26 ,5 ' 
b ±29°03 ' ±25°28 ' 29° 66° ± 2 9 ° ± 25,5( 

c ± 4 4 ° 13' ±52°02 ' 102° 21° ± 4 4 ° ± 5 2 ° 

Table 1. 

1 3 W . S. B E N E D I C T , N. G A I L A R , and E . K . P L Y L E R , J . Chem. Phys. 2 4 , 1 1 3 9 [ 1 9 5 6 ] . 



b) Li2So06-2H20 

The 1H-NMR spectra measurements on Li2S206 

• 2 HoO were found to be equivalent in multiplicity 
in comparison with the sodium compound. An in-
vestigation of the structure of lithium dithionate di-
hydrate (see the following paper) showed, that the 
lithium and sodium compounds are isotypic. The 
determination of the 1H-doublet splittings in Li2S206 

• 2 HoO were somewhat more complicated by a free 
water signal resulting from the free H 2 0 of the non 
exact stoichiometric hydrate. This signal was in-
dependent of the crystal orientation. The doublet 
splittings of the different H20 molecules in the unit 
cell are shown for a-, 6-, and c-axis rotation in Fig. 5. 

Fig. 5. *H-NMR spectra of Li 2S 20 6 -2 H ,0 . The first moment 
My as a function of the rotation angle cp. 

Plots of the first moment as a function of 
COS2(9?±<J90*) are given in Figs. 6 and 7. From 
those diagrams one can see, that for 6-axis rotation 
Eq. (4) is not valid. We have not found by what 
type of perturbation the deviation from Eq. (4) is 
caused. We suspect that there is a lithium specific 
coupling term, which is comparable to the HH-cou-
pling terms. Similar effects have been found in the 
XH-NMR spectra of L i 2 S 0 4 H 2 0 7-14. The determi-

14 J. W. M C G R A T H , A . A . S I L V I D I , and J. C . C A R R O L L , J. Chem. 
Phys. 31, 1444 [1959]. 

Fig. 6. *H-NMR spectra of L i 2 S 2 0 6 -2 H 2 0 . The first moment 
My as a function of (cp + cpü*). Rotation axes: a = [ 1 0 0 ] and 

c = [001]. 

Fig. 7. XH-NMR spectra of Li2S206 • 2 H 2 0 . The first moment 
My as a function of (cp ± cp0*). Rotation axis: b = [010]. 

nation of the angles <p0* for the different axes were 
not affected by this perturbation. The angles d* were 
calculated in the same way as described for the 
sodium compound. The results are given in Table 2. 
Since the crystal structure of Na2S206 -2H20 and 
Li2S206 H 2 0 are the same, the angles dn and <pn 

can be transferred from the results for the Na salt 
to the Li salt. 

axis <Po 

a ±61°39 ' ±21°54 ' 
b ±24°36 ' ±26°09 ' 
c ±40°45 ' ±54°42' 

Table 2. 



The experimental error in <p0* and d* is ± 0 . 5 ° . 
The condition 

tg I>0fc] a' tg O 0c] b • tg [<P0a\ c = 1 

is fulfilled within the experimental error. For the 
calculation of the torsional parameters by least 
squares fit we used only the a-axis rotation to sup-
press the strange behaviour of nonlinearity for b-
axis rotation (compare Fig. 7) . Using the value <pn 

and dn given for Na 2 S 2 0 6 ' 2H 2 0 for Li2S206 '2 H20, 
from the a-axis rotation the relation 

( & 2 ) =0.033 + 0.90 ( 6 X 2 ) (12) 

was found. Comparing this relation for the lithium 
compound with the sodium result 

/ (9 =0.034 + 0.91 ( O J ) \ Ä. / ' \ .I. / 

both expressions are identical within the experimen-
tal error of 10%. Additionally the torsional fre-
quency vx of the lithium salt found by IR spectro-
scopy is the same as for the sodium compound. Con-
sequently the torsional parameters, the height of the 
potential barrier, and the equilibrium p — p distance 
for the H 20 molecules of lithium dithionate di-

hydrate are: 

( 0 / ) = 0 . 0 2 7 ± 0 . 0 0 3 ; ( 6 Z 2 ) = 0 .061 ± 0 . 0 0 6 ; 

V0 = (6 .0 ± 1) kcal /mole and R e = ( 1 .515 ± 0 .015 ) Ä . 

Conclusions 

The results of the 1H-NMR investigations on 
Na 2 S 2 0 6 ' 2H 2 0 and Li 2 S 2 0 6 ' 2H 2 0 at room tempe-
rature show that the influence of the dynamical be-
haviour of the water molecules in the crystals 
changes the value of the intramolecular HH distance 
remarkably. The influence can be studied only if 
other physical arguments like IR spectra or the tem-
perature dependence of the NMR spectra are avail-
able besides the room temperature NMR experi-
ments. The consequences of the dynamics of HoO 
in the crystals on the determination of the proton 
positions and the interpretation of the hydrogen 
bonds are discussed in the following paper. 
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The crystal structure of Na 2 S 2 0 6 -2 H 2 0 has been refined by means of single crystal X-ray inten-
sity data. The structure of the isotypic Li 2 S 2 0 6 • 2 H 2 0 was also determined by single crystal studies. 
Two dimensional differential F O U R I E R synthesis revealed the approximate positions of the hydrogen 
atoms. From XH-NMR investigations, the crystal structure, and information gained by IR spectro-
scopy the complete atomic arrangement in these two substances was obtained. The influence of the 
dynamical behaviour of the water molecules is taken into account in determining the hydrogen 
positions. 

Although there are already data available on the 
crystal structure of Na 2 S 2 0 6 ' 2H 2 0 from NMR 
spectroscopy1-3 and X-ray analysis4, the calculation 
of the electric field gradient on the lattice sites of 
23Na and 7Li nuclei demands a knowledge of the 
atomic coordinates as accurate as possible. Since we 

are interested in understanding the nuclear quadru-
pole coupling tensor of 23Na in NaoSoOg^HoO in 
magnitude and orientation, a redetermination of the 
crystal structure of Na2S206 '2 H 20 was undertaken. 
Accordingly the interpretation of the NQR experi-
ments on "Li in single crystals of Li2S206 '2 H 2 0 is 
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2 I . BERTHOLD and A. W E I S S , Z . Physik. Chem. Frankfurt 3 8 . 
1 4 0 [ 1 9 6 3 ] . 

3 I . BERTHOLD and A. W E I S S , Ber. Bunsenges. Physik. Chem. 
6 8 . 6 4 0 [ 1 9 6 4 ] . 

4 S. M A R T I N E Z , S. G A R C I A BLANCO, and L . R I V O I R , Acta Cryst. 
9 . 1 4 5 [ 1 9 5 6 ] . 


