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The Crystal Structure of A m m o n i u m  Chlorate 
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The structure of ammonium chlorate has been determined from i)owder data and has been refined 
by least-squares methods. The crystals are rhombohedral with probable space group R3m and one 
molecule in a unit cell of dimensions a 0 =4.444 A and a = 86"4 °. The C1-O distance in the chlorate 
ion is 1.45 _+ 0"03 A and the O-C1-O angle is 106 °. 

The structure of ammonium chlorate is of interest  
because it  is one of the products arising from the 
interest ing decomposit ion of ammon ium chlorite (Gil- 
lespie, Sparks & Trueblood, 1959). Since no s t ructural  
da ta  for the compound could be found in the li terature, 
its s tructure has been determined.  

were taken into account in converting the intensit ies 
to F 2 values. 

The form factors used in the ref inement  were those 
of Hoerni  & Ibers (1954) for ni trogen and oxygen, 
and Dawson (1960) for chlorine. 

E x p e r i m e n t a l  

A m m o n i u m  chlorate was obtained by mixing equiv- 
alent  amounts  of solutions of a m m o n i u m  sulfate and 
bar ium chlorate, f i l tering the result ing precipitate of 
bar ium sulfate, and evaporat ing the f i l t rate in a s t ream 
of air. Only small  quanti t ies  should be prepared since 
the compound is unstable  and has been known to 
detonate violently (Davis, 1896; Fairbrother ,  1922). 

The crystals obtained were dendri t ic  and were not 
suitable for single-crystal X-ray  photographs.  Further ,  
since ammon ium chlorate is unstable,  it  was not pos- 
sible to obta in  crystals by slow evaporation. Hence, 
the structure was determined and refined with powder 
da ta  alone. 

Examina t ion  under  the polarizing microscope in- 
dicated tha t  the crystals were uniaxial .  The crystals 
were marked ly  pyroelectric, showing tha t  they  belong 
to a polar class. This agrees with early observations 
(Groth, 1908) suggesting tha t  ammonium chlorate is 
isomorphous with potassium bromate,  which has a 
rhombohedral  uni t  cell with ao=4.40 _~ and a = 8 6  ° 
(Zachariasen, 1928; Swanson, 1957). 

Powder photographs of ammonium chlorate can be 
indexed on the basis of a rhombohedral  uni t  cell with 
a0=4-444+0 .005  _~ and  a = 8 6 . 4 + 0 . 1  °, calculated 
with ).(Cu Ka)--1.5418 A. The density,  measured by 
f lotat ion in bromoform-carbon tetrachloride, is 1.91 
g.cm.-3; the calculated densi ty  corresponding to one 
molecule in the uni t  cell is 1.930 g.cm. -3. 

Intensi t ies  were determined by means  of multiple- 
fi lm powder photographs using three strips of Eas tman  
no-screen X-ray  film and fil tered copper radiation. 
The intensit ies on each strip were determined with a 
microdensi tometer  and were intercompared in the 
usual way. Only completely resolved lines were used 
in the structure determinat ion,  and mult ipl ici t ies 

A C 15- 82 

Determinat ion  of the s tructure  

The space group was assumed to be R3m on the basis 
of the pyroelectric properties and probable isomor- 
phism with potassium bromate.  Wi th  the help of 
s tandard  bond lengths and angles, a reasonable tr ial  
s tructure was calculated to be: 

(a) C1 at  ½, ½,-~ 
(b) 0 at 0.566, 0.566, 0-176 
(c) N at 0 , 0 , 0 .  

The discrepancy index R for this trial  s tructure 
was found to be 11.5%. Ref inement  was carried out 
by a ful l -matr ix  least-squares method, with V w = 1/Fo; 
the computer  program used was ACA No. 317 (Gantzel, 
Sparks & Trueblood, unpublished).  Because the space 
group is a polar one, the position parameter  of the 
chlorine could be arb i t ra r i ly  chosen and  was not 
refined. Indiv idual  isotropic temperature  factors were 
assigned and  refined with the structure.  The final 
parameters  are given in Table 1. 

N 

Table 1. Parameters of ammonium chlorate 

Position Temperature 
parameter parameter 

(a) 0.5000 0.4 A 2 
(b) x 0-588 + 0.002 2.6 

z 0" 179 _+ 0.002 
(a) 0"040 _+ 0.006 2.0 

The es t imated s tandard  deviations were calculated 
from the diagonal terms of the mat r ix  of the least- 
squares normal  equations. The observed and calculated 
structure factors for the final s tructure are given in 
Table 2, together with the observed and  calculated 
values of the spacings for the corresponding lines. 
The f inal  value of R, the discrepancy index, was 6.4%. 
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Table  2. Structure factors for a m m o n i u m  chlorate* 

hkl do dc 10Fo 10Fc 
100 4-422 A 4-428 A 175 191 
l l0  3"221 3-227 204 220 
l()l 3"038 3.044 157 153 
I l l  2"715 2.720 221 229 
111 2"508 2.508 94 84 
200 2.2l I 2.214 205 214 
210 2.026 2.028 71 73 
201 1"933 1.936 88 82 
21 [ 1-900 1.903 137 129 
211 1"789 1.791 62 62 
211 1"753 1"757 117 111 
220 1"612 1.613 75 77 
202 [-522 1.522 150 141 
300 1.475 1"476 147 124 
310 1.426 1.426 133 138 
311 1"388 1"388 126 131 
301 1"375 1.376 134 119 
311 1.328 1.328 80 8l 
32l 1"243 1.242 84 88 
30'2 1-197 1.196 100 101 
312 1.160 1-160 100 117 
213 1.150 1"150 100 90 

* do and dc are the observed and calculated spacings, 
~t[2 sin 0. 

D i s c u s s i o n  

The C1-O d i s t ance  is 1.45_+ 0.03 A, inc lud ing  a smal l  
correc t ion  (0.01 A) for l i b ra t ion  (Cruickshank,  1956, 
1961); the  O-CI -O  angle  is a b o u t  1 0 6 + 2  °. These  
values  agree w i th in  the  l imi t s  of error  (2a) w i t h  t he  
m u c h  more precise va lues  for the  ch lora te  ion in  
sodium chlora te  (Burke,  Bower  & Trueblood,  un- 
publ i shed) ,  a b o u t  1 .500+0 .007  .~ a n d  106 .8+0 .4  ° 
respec t ive ly .  

E a c h  a m m o n i u m  ion is su r rounded  by twelve  oxygen  
a toms  f rom seven  chlora te  ions, as i l l u s t r a t ed  in Fig.  1. 
These  oxygens  are of th ree  k inds :  (a) th ree  a t  3.46 A, 
all  in a ne ighbor ing  chlora te  ion above  a long  the  3-fold 
axis ;  (b) six a t  3.11 A, f rom three  d i f fe rent  ch lora te  
i o n s - - t h e s e  six lie in  a p lane  j u s t  0.48 _~ above  the  
n i t rogen  a tom along the  un ique  axis ;  (c) th ree  a t  
3"13 z~, f rom 3 d i f fe ren t  chlora te  ions, in  a p lane  
2.24 A below a long the  3-fold axis.  These  l a t t e r  3 are 
s t aggered  60 ° w i th  respect  to  the  three  above.  

The  N - . "  O d i s tances  are suf f ic ien t ly  g rea t  a n d  
the i r  s y m m e t r y  is such t h a t  i t  seems doub t fu l  t h a t  
the re  are a n y  h y d r o g e n  bonds  in  the  s t ruc tu re .  
I f  the  a m m o n i u m  ions are ordered,  one N - H  bond  
m u s t  be d i rec ted  a long the  3-fold axis.  I f  th is  po in t ed  
down,  the  o ther  three  h y d r o g e n s  would  lie a b o u t  10 ° 
above  l ines f rom the  N to the  six oxygens  in  the  p lane  
ju s t  above  the  N H 2 ,  and  each bond would  p r e s u m a b l y  
be b i furca ted .  I f  the  un ique  N - H  bond  were d i rec ted  
upwards ,  t o w a r d  the  th ree  oxygens  a t  3.46 A in the  
chlora te  ion above,  each of the  o ther  th ree  h y d r o g e n s  
would  lie a t  leas t  27 ° f rom a l ine be tween  the  N a n d  
one of the  th ree  oxygens  a t  3.13 A in the  p lane  2.24 A 
below. I n  a n y  event ,  t he  p resen t  d a t a  are, of course, 
i n a d e q u a t e  for loca t ing  the  h y d r o g e n  a toms ,  even  if 
t h e y  are ordered.  

There  are r a t h e r  shor t  n o n - b o n d e d  O ' - "  Cl con- 
t a c t s  of 3.07 ~ f rom the  oxygens  of one chlora te  ion 
to  the  chlorines of the  chlora te  ions below on neighbor-  
ing 3-fold axes.  This  d i s t ance  is more  t h a n  0.1 :~ 
shor te r  t h a n  the  sum of the  usual  van  der  Waa l s  rad i i  
(Paul ing,  1960) a n d  is u n d o u b t e d l y  s igni f icant  in  
d e t e r m i n i n g  the  pack ing  in the  crys ta l .  The  shortest, 
in te r ionic  O - ' .  0 d i s tance  is 3.32 A. 
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Fig. 1. Tile environment of an ammonium ion (solid circ~le) 
in the structure of NH~(TI() a. 

We are i n d e b t e d  to the  s taf f  of the  U C L A  C o m p u t i n g  
Fac i l i t y  a n d  the  W e s t e r n  D a t a  Process ing  Cente r  for 
the i r  coopera t ion  in m a k i n g  the  I B M  7090 ava i lab le  
to us. 
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