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Proton Magnetic Resonance Study of the Crystal Structure of Magnesium 
Thiosulphate Hexahydrate, MgS2Os. 6H20 
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A proton-magnetic resonance study of l~IgS~O a . 6tt~O undertaken in order to locate the protons in 
the water of hydration is presented. A discussion of the hydrogen bonds (O-H • • • O) formed in the 
crystal structure follows. The hydrogen bonds are asymmetric and slightly non-linear. The H-I-I 
distance obtained is = 1.54/~, which is slightly smaller than the usual range of values 1.56 to 1.61/~ 
given by Silvidi & 5IcGrath (1961) for hydrates. 

Introduction 
Magnesium thiosulphate hexahydrate, MgS~03.6H90, 
contains no paramagnetic ions and is a convenient 
substance for proton magnetic resonance (PMR) study 
since the protons in the water molecules are the only 
nuclei with non-vanishing spin, and hence with a 
magnetic moment. 

The crystals belong to the orthorhombic class. The 
structure is known through the X-ray investigations 
of Brunt (1946) and the later correction by Nardelli, 
Fara & Giraldi (1962). The unit cell contains four 
molecules, the cell dimensions being 

a=9.32_+0.01, b=14.36+0.04, c=6.87+0.01 A .  

The other structural details are: 

U = 919 _~8. 

Space group (from systematic absences): 

Pnma (D~ 6) or Pn21a (C~v) . 

The structure as a whole is built up of alternating 
layers of Mg(HgO)6 octahedra and S20a tetrahedra. 
The layers are parallel to (010) and succeed each 
other at intervals of ¼b. 

The X-ray data are insufficient to determine the 
distribution of H atoms. However, an attempt has 
been made (Nardelli et al., 1962) to ascertain the 
approximate location of the protons by simple con- 
sideration of hydrogen bonding. The following PMR 
study was undertaken to get the more exact proton 
locations and the P-P vector orientations. The 24 
water molecules in the unit cell conveniently fall into 
three groups of eight similar molecules each so that 
we have in effect only three orientations of P - P  
vectors of the water. (By 'similar', we mean that their 
P- P  vectors are parallel. The similarity can be 
concluded by a study of the X-ray diffraction pattern). 

Preparation 
The substance was first described by Rammelsberg 
(1855). 

The magnesium thiosulphate hexahydrate crystals 
used in our experiments were prepared by a method 
starting from sodium thiosulphate. First, saturated 
solutions of sodium thiosulphate and barium chloride 
are mixed and warmed, and a white precipitate of 
barium thiosulphate is formed (Debus, 1882): 

Na2S~Os+BaC12 = BaSsO3 $ +2NaC1.  

The solution is filtered off and the precipitate 
collected. To this precipitate is added a saturated 
solution of magnesium sulphate; magnesium thio- 
sulphate is formed and, being highly soluble, remains 
in solution. Barium sulphate remains as a precipitate 
(Mellor, 1937) : 

BaS,Oa + MgSO4 = MgS~Oa + BaSO4 $ . 

The solution is filtered off and the filtrate is slowly 
evaporated over concentrated sulphuric acid to get 
good orthorhombic crystals of MgS2Oa.6H20. The 
crystals are long along the c axis and are translucent. 

Experimental 
The NMR absorption spectrometer used in these ex- 
periments has been described elsewhere (Visweswara- 
murthy, 1961); it uses a slightly modified and im- 
proved version of the Pound-Knight marginal oscil- 
lator. 

The crystal used in our experiment was a good 
rectangular parallelepiped of dimensions 2 × 0.7 × 0-4 
cm. The longest side was the c axis, the side of 0-7 cm 
length was the a axis, and the side of length 0.5 cm 
was the crystallographic b axis. 

The crystal was fixed to the crystal head by means 
of a small quantity of Araldite (Ciba) adhesive, so 
that  its c axis, the axis of crystal rotation in our 
experiment, was vertical. The PMR spectra of the 
crystal were taken for different orientations of the 
crystal with respect to the direction of the static 
high magnetic field, starting from the initial position 
of the [100] axis parallel to the magnetic field. 

The relative disposition of the crystallographic axes 
and the magnetic field direction is shown in Fig. 1. 
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Fig. l. The relative orientations of the erystMlographic axes, 
the direction of the P - P  vector, and the direction of the 
magnetic field. 
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I n  our  calcula t ions ,  t he  angle  ~ is r eckoned  pos i t ive  
for r o t a t i o n  in  t h e  clockwise d i rec t ion ,  a w a y  f rom 
t h e  pos i t ive  d i rec t ion  of t h e  [100] axis .  

The  loca t ion  of t he  p ro tons  requi res  t h a t  ~0, 6 a n d  
t h e  P - P  d i s t ance  r be d e t e r m i n e d  f rom the  spec t ra  
ob ta ined .  

The  e x p e r i m e n t  for each  o r i en t a t i on  was r e p e a t e d  
th r i ce  a n d  the  m e a n  va lues  used  to  d r a w  the  spect ra .  
The  e x p e r i m e n t a l  condi t ions  were ~0--14.74 Mc.sec -1, 
H = 3 4 7 3  gauss,  m o d u l a t i o n  field----1.8 gauss,  sweep 
r a t e = l - 5  gauss .min-1 ,  t i m e  c o n s t a n t = 2 0  seconds.  
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(Peak- to-peak. )  The  r.f. level  was  low enough  to  
p r e v e n t  s a t u r a t i o n  of t he  sample .  

A n a l y s i s  o f  t h e  s p e c t r a  

The spec t ra  o b t a i n e d  are  more  compl ica ted  t h a n  t h e  
ones t h a t  can  be got  w i t h  s ingle or double  P - P  vec to r  
sys tems .  The  ana lys i s  of the  spec t ra  requi res  t h a t  t h e y  
shou ld  f i r s t  be reso lved  each  in to  t h r ee  ' un i t '  der iva-  
t i ve  curves,  each  de r iva t i ve  curve  be ing  t h e  cont r ibu-  
t i on  f rom one P - P  vec to r  in  t h a t  o r i en ta t ion .  The  
size of t he  ' un i t '  d e r i v a t i v e  curve  was  found  b y  a 
s t u d y  of t h e  spec t ra  for ~b=0  a n d  ~ = 2 0  ° wh ich  
were s o m e w h a t  b e t t e r  resolved.  Three  such  ' un i t s '  
were w r i t t e n  on t r a c i n g  pape r  pieces a n d  these  were  
s l id  on  the  e x p e r i m e n t a l  spec t ra  to  ge t  t h e  bes t  f i t .  
The  peak  separa t ions  of t h e  pa i r s  (equal  to  twice  t h e  
d i s t ance  in  gauss  f rom the  cent re  of t he  r e sonance  
p a t t e r n  to  t he  zero of t h e  concerned  de r iva t i ve  un i t )  
are col lected in  Tab le  1. 

Tab le  1. Rotation about the [001] axis 
Peak separations in gauss for different orientations 

~5 (2AIH l) (2/!I-I)2 (2/lH)3 
0 ° 17.4 gauss -- 5.0 gauss -- 9.6 gauss 

20 20.0 -- 12.0 -- 4.8 
40 10-2 -- 5-4 -- 1-0 
60 3-6 0.8 8-0 
80 --2-0 7-2 14-0 
90 --3.6 9.6 15-6 

100 --7.0 11.6 14-4 
120 --8.0 15.0 12-0 
140 -- 1.8 10-0 8.0 
160 10.8 --2.0 --6-0 

The  a s s i g n m e n t  of t he  correct  va lues  to  each  _P-P 
vec to r  can  be done w i t h  c e r t a i n t y  on ly  b y  d r a w i n g  
the  P a k e  curve  (Fig. 2) of p e a k  s epa ra t i on  versus (I). 
I n  d rawing  the  P a k e  curve,  t he  s ign  of t he  s epa ra t ion  
is changed  e v e r y t i m e  i t  passes t h r o u g h  the  zero value.  
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Fig. 2. Pake curves for l~IgSgO 3. 6H~O; rotation about the [001] axis. 

~5 Positive when measured clockwise from the +ve  direction of the [100] axis. 



f 
S. V I S W E S W A R A M U R T H Y  935' 

R e s u l t s  

From a s tudy  of the Pake curves, i t  is found tha t  
the m i n i m u m  peak separat ion in  our case is s l ight ly  
higher  t h a n  10.8 gauss, the value obtained b y  Pake 
(1948) in  the first  s tudy  of gypsum. The average value 
of (2/IH)min in our case is 2 ~ =  11-5 gauss. F i t t ing  the 
equat ion 

2AH = 2(~#/r 2) [3 cos 2 5. cos2 (~b0 + ¢ )  - 1] gauss ,  

with the exper imenta l  results  at  a number  of points  
for each curve, the values of ¢0, (5 and  ~=-~#/r ~ are 
got for each P - P  vector. The values of (P0, 6 and  c¢ 
thus  obta ined for each P - P  vector are: 

~510 = - 2 0 ° ;  ~1=20 ° 42';  2 ~ l = l l . 6 g a u s s  

( P ~ = - l l 0 ° ;  (~=30  ° 12'; 2 ~ 2 = 1 2 . 0 g a u s s  

~boa= - 9 7 ° ;  ~8=23 ° 2 0 ' ;  2 ~ 8 = 1 0 . 8 g a u s s  

Average 2~ = 11.5 gauss. 

In  Fig. 2, the  dots, squares and  tr iangles  are the 
exper imenta l  points  and  the  smooth line is the 
theoretical  curve obtained b y  using these a, qS0 and  

values. 
In  the conventional  nota t ion  in which anticlock- 

wise rotat ions are reckoned + v e ,  the ~b0 values 
become 

~b01 = 20 °, (Po 2 = 110 °, and  ¢0 ~ = 97 o respectively.  

The direction angles of the  three P - P  vectors 
wi th  respect to the  posit ive direct ion of the  crystallo- 
graphic  axes are: 

( P - P ) I  28 ° 20" 71 ° 15" 69 ° 18 '  
(P-P)H 72 ° 48" 35 ° 31" 59 ° 48 '  
(P-P)nI 83 ° 23' 24 ° 15' 66 ° 40' 

D i s c u s s i o n  

With  the  2o~=3/~/r a value of 11.5 gauss, we get the 
P - P  distance as 1.54 /~. Using this  value of r and  
an  0 - H  distance of 0.97 /~ (as has  been assumed b y  
Silvidi, McGrath & Carroll (1959) in  the s tudy  of 
L i2S04 .H~0)- - the  v ibra t ion  frequencies in  ice cor- 
respond to 0-99 /~ when the 0 - H - 0  bonds are 
f o r m e d - -  the angle H - O - H  is calculated to be 
105 ° 4'. This is less t han  the te t rahedra l  angle of 
109 ° 28' found in  ice. This m a y  mean  tha t  the H-bonds 
are s l ight ly  bent ,  i.e. H is off the O . - - O  axis in  
the bond. This implies,  as P imente l  & McClellan (1960) 
have  a l ready concluded, t ha t  the  rehybr id iza t ion  
required to open the H - O - H  angle a few degrees 
(in order to make  the H-bond linear) is energetically 

less favourable  by  an  amount  comparable  to the  
energy required to bend the  H-bond a few degrees. 
Once the molecular  positions are fixed, the  protons 
of the water  molecules select the H - O - H  angle t ha t  
represents  the best  compromise between the  s t ra in  
energy required to move the protons off the H-bond 
line. This  best compromise is reached here at  105 ° 4', 
4 ° 24' below the  te t rahedra l  angle. 

Again, using these bond lengths  we f ind  tha t  the  
H-bonds which the  water  oxygens m a y  form wi th  the  
suff iciently near  (usually when the O . . .  O dis tance 
is 3 A_, though from infrared data,  the l imi t  is 3-2 A) 
eleetronegative a tom are asymmetr ic .  

This is in agreement  wi th  the  conclusions regarding 
the s y m m e t r y  or otherwise of the  O - H - O  bond 
reached by  earlier workers. For  example,  Rund le  & 
Parasol  (1952) feel t ha t  only the  H-bond lengths  near  
2.45 A are symmetr ic ,  and  P imente l  & McClellan 
(1960) have collected the H-bond da ta  from various 
methods and  come to the  conclusion t ha t  O - H - O  
bond lengths < 2.30 / l  are symmetr ic .  Since in  the 
case of MgS203.6H20 i t  is found from the  X- ray  
da ta  of Nardel l i  et al. (1962) tha t  the  O . . .  O dis- 
tances are larger t h a n  2-6 A, i t  can be surmised t ha t  
the H-location is a symmet r i c  in  the  chelated H-bond 
formed between the water  oxygen and  an  oxygen of 
the n e a r b y  $20~- group. 

The author ' s  thanks  are due to Prof. R. S. Kr i shnan  
for his k ind  interest  and encouragement.  
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