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The Crystal Structure of A m m o n i u m  Acid Phthalate* 
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Ammonium acid phthalate crystallizes in the orthorhombie system with a---- 6-39~, b =- 10-23~, 
c = 26"141 A. The space group is Pcab, and there are 8 molecules in the cell. The structure was 

analyzed via two-dimensional electron-density projections and a bounded projection _¼~(x, y,z)dy. 

The benzene ring (which is slightly distorted from a regular hexagon) and the two carbon atoms of 
the earboxyl groups lie in a plane, but the planes of the two carboxyl groups are inclined to the 
benzene ring by angles of 21 ° and 65 °. The benzene ring is slightly distorted from a regular hexagon, 
with C--C distances ranging from 1.35 to 1.40 A. The distance of 3.08 A between two oxygen atoms 
belonging to different carboxyl groups of the same phthalate ion suggests a weak hydrogen bond, 
but  a neutron study would be required to confirm this. General features of other alkali acid 
phthalates are discussed. 

Introduction 

The morphology of the acid phthala tes  of ammonium 
and several alkali  metals  was examined by  Muthmann  
& R a m s a y  (1890) and Zirngiebl (1902), and para-  
meters  are given in Groth 's  Chemische Krystallographie 
(1917). These d a t a  suggest isomorphism of the  Na,  K 
N H  a, Rb and Cs acid salts, with rhombic b ipyramidal  
s y m m e t r y  and perfect or near ly  perfect cleavage 
parallel to (001). 

Crystals were grown by  simple evaporat ion of 
aqueous solution. The K salt grows with par t icular  
ease in very  large crystals. X - r a y  da t a  for several 
related salts are given in Table 1. The appearance  of 

Table 1. Cell constants, space groups and observed 
densities for several acid phthalates: 

C~H 4 (COOH) (COOM I) 

Space 
2/I I a (A) b (h) c (A) Z (g.cm. -a) group 

Na + 6-76 9-31 26.42 8 1.504 1~ C~v-B2ab 
NH4+ 6.40 10.23 26.14 8 1 .415  D~sh-Pcab 
CHaNHa+ 7-22 11-01 24-46 8 1-349 o .D~-Pcab 
K+ 6"47 9"61 13"26 4 1 .636  D2a-P212~2 
]~b + 6-55 10.02 12-99 4 1 .933  D~-P21212 
Tl+ 6"63 10.54 12-95 4 2.29 D2a-P21212 
Cs+ 6"58 10"81 12"84 4 2'178 D~-P212~2 

three different space groups is intriguing. The present  
repor t  chiefly concerns the N H  4 salt ;  but  X - r a y  d a t a  
from the Rb salt  were very  helpful in solving the  N H  4 
salt s tructure.  

* Research supported by Grant A-228 from the National 
Institutes of Health. X-RAC and S-FAC computations sup- 
ported by Contract N6onr-26916, T.O. 16, with the Office 
of Naval Research. 

Experimental  

Cu K ~  X - r a y  intensi ty  da t a  for the  N H  4 and Rb  salts 
were obtained from Weissenberg photographs  about  
the a and b axes. The multiple-film technique was 
used, with 7-12 sheets of Dupont  Type 608 film (trans- 
mission factor  0.57). Almost  all reflections within the  
Cu Ka sphere were observed. Owing to the  small size 
of the  crystals utilized and the  low absorp: ion co- 
efficient of the NHa salt, no absorpt ion correction was 
made.  A comparison of Fo and Fc values a t  the  end 
of the analysis showed t h a t  extinction effects were 
negligible. 

Unit cell and space group of NH4 salt 

The unit  cell constants  of the N H  4 salt  are given in 
Table 1. These were obtained from Weissenberg photo- 
graphs with crystals mounted  on pure a luminum rods, 
the  la t te r  being used for calibration. Zirngiebl 's 
(1902) densi ty value leads to 7.96 ~ 8 molecules per  
cell; ~o = 1.416 g.cm.-a;  ~c = 1-423 g.cm. -a. Space 
group D~-Pcab is deduced from the  following system- 
atic absences: (hOl) for h 4= 2h; 0kl for I 4= 2h; hkO for  
k 4= 2n. Eightfold general positions are 

1 :t=(x, y, z; ½+x, ½ - y ,  z; ½-x ,  y, ~+z ,  x, ½+y, ~ - z ) -  

Eve ry  a tom must  be in a general position. 

Electron-density projections on (100) 

As a first step in the  s t ructure  determinat ion,  the  
electron-density projection of the  rubidium salt  on 
(100) was studied, since the  asymmetr ic  uni t  of the  
rubidium salt  projected on this plane was expected 
to have a s t ructure  similar to the corresponding projec- 
tion of the ammonium salt. This was concluded by  
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comparison of the  three space groups, as shown in 
Fig. 1. The position of the  rub id ium a tom was easily 
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Fig. 1. Comparison of three  space groups  of alkali ac id  ph tha -  
lares. Contacts  o f  b e n z e n e  r ings are  m a d e  t h r o u g h  twofold 
screw axes. Cleavage planes  are  indica ted  by  symbol  CP. 
(a) D~-P21212 (two un i t  cells), origin half  w a y  be tween  2 
in plane of 2121. (b) C~-B2ab (one un i t  cell), origin on 2. 
(c) D~-Pcab (one un i t  cell), origin a t  1. 

fixed by  the Pat te rson  project ion on (100). The first 
approx imate  electron-densi ty projections, using signs 
as determined by  rub id ium contr ibut ion only, were 
difficult  to interpret• This was due to the fact  t ha t  the 
rub id ium contr ibut ion was not  p redominan t  for m a n y  
structure factor  signs. The position of the ph tha l a t e  
]on was assigned only after  s t ructure-factor  calcula- 
t ions based on several t r ia l  structures.  Successive 
ref inements  of the s t ructure  project ion on (100) were 
done as usual, using X-RAC. Once a reasonable ap- 
proximate  s tructure was a t ta ined  for the rub id ium 
salt, the  projections were of much  help in the s t ructure  
de te rmina t ion  of the a m m o n i u m  salt. 

Star t ing from an approx imate  s t ructure  deduced 
from tha t  of the rub id ium salt,  successive electron- 
densi ty  projections of the a m m o n i u m  salt  on (100) 
led to the f inal  projection, as shown in Fig. 2. 

I t  i.s interest ing tha t  hydrogen atoms a t tached to 
the benzene ring are discernible, even in this  projection 
(Fig. 2), in the deformat ion of the lowest contour 
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Fig. 2. Electron-density projection of NH 4 acid phthalate on 
(100). Equi-interval contours on an arbitrary scale; atom 
denumerations as used throughout this paper; Oi4 used as 
in Fig. 4. 

(approximate ly  1"5 e.A-2). Atoms CII, 0~i, Oii and the 
a m m o n i u m  ion are not  well resolved, and their  y 
coordinates were adjus ted  by choosing positions which 
give the best possible agreement  between F o and F c. 

E l e c t r o n - d e n s i t y  projec t ion  on (010),  and b o u n d e d  

projec t ion  0 (x, y, z) dy 

The electron-densi ty project ion on (010) was next  
considered, using z coordinates hi ther to  obtained and 
tr ial  x coordinates deduced from packing considera- 
tions. Ref inement  of this  project ion resulted in the 
(010) project ion shown in Fig. 3. In  order to resolve 
all the  atoms, especially the overlapping OI, C3 and CI, 
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Fig. 3. E lec t ron -dens i ty  pro jec t ion  of N H  4 acid ph tha l a t e  on 
(010). Equ i - in te rva l  contours  on an a rb i t r a ry  scale. 

22* 
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f it~(x,Y,Z) use was made  of a bounded  p ro jec t ion  dy, 

ca lcu la ted  f rom 

_,,,,,,,,.+ +o+ +,,<,,+,+,+. 
even  o d d  odd  

0 

These l imits  were chosen because the  y coord ina te  of 
0 I  is grea ter  t h a n  ¼. This  bounded  p ro jec t ion  is shown 
in Fig. 4. The  p ro jec t ion  on (010) and  the  bounded  
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Fig. 4. Bounded projections et q(x, y, z)dy. Contours at inter- 
¢J -¼ 

vals of 1 e.A -~, lowest contour at 2 e.A-~. Atom OI4 cor- 
responds to OI, but in phthalate ion related by glide plane 
at y---- ¼. 

p ro jec t ion  were ca lcu la ted  m a n u a l l y  a t  vlv and: T½v 
in te rva l s  a long the  a and  c axes respect ively.  

The  x and  z coordinates  were de t e rmined  f rom the  
bounded  projec t ion ,  and  are l is ted in Table  2 toge the r  
wi th  the  y coordinates  ob t a ined  earlier.  Only  s l ight  

Table  2. Atomic coordinates for ammonium acid 
phthalate 

Atom x y z 

NHa 0.219 --0.120 0.0175 

Ct 0'389 -0'050 0'2250 
C 2 0.380 0.061 0.1935 
C a 0-486 0.062 0.1475 
C t 0.586 -- 0.050 0" 1298 
C s 0.593 --0.158 0.1620 
C 6 0"505 -- 0-152 0"2090 

CI 0.479 0.192 0.1170 
CII 0.724 -- 0.050 0.0821 

OI 0.443 0.290 0.1385 
O~ 0.506 0-177 0.0703 
OII 0.899 0.005 0.0.820 
O~I 0.652 -- 0.120 0.0475 

correct ions  were requi red  for se r ies - te rmina t ion  effects ; 
and  these have  been made.  I n  Table  3, s t ruc tu re  fac- 
tors  are l is ted for (0kl) and  (h0/); t he  d i sagreement  
fac tors  %IIFoI-IFclI--_~IFol are 0.159 and  0.148 re- 
spec t ive ly  for these project ions .  T e m p e r a t u r e  fac tors  
of 4.0 x l0  -le c m / f o r  ca rbon  and  n i t rogen  a toms,  and  
3.1 x 10 -16 cm. 2 for oxygen  a toms,  were appl ied  to  t he  
a tomic  sca t t e r ing  fac tor  g iven by  McWeeny  (1951). 

D e s c r i p t i o n  o f  t h e  N H i - s a l t  s t r u c t u r e  

The  a m m o n i u m  acid p h t h a l a t e  c rys ta l  is essent ia l ly  
ionic, con ta in ing  the  a m m o n i u m  ion and  the  mono-  
basic acid p h t h a l a t e  ion. E a c h  a m m o n i u m  ion is sur- 
r ounded  by  six oxygen  a toms :  f ive f rom ca rboxy l  
group I I  wi th  dis tances  2.81, 2.87, 2-92, 2.97 and  
3.10 A;  and  one f rom group I wi th  d i s tance  2.95 J~. 
These oxygens  form a d i s to r ted  oc t ahed ron  a round  the  
a m m o n i u m  ion. The  dis tances  are comparab le  to  those  
in a m m o n i u m  t r i o x a l a t o c h r o m a t e ( I I I )  (van Niekerk  
& Schoening,  1952), which  has  d is tances  down to  
2.70 J(; in  the  case of a m m o n i u m  t r i n i t r a t e  (Duke & 
Llewel lyn,  1950) all N H t - O  dis tances  are longer  t h a n  
3.01 h .  

All the  polar  pa r t s  of the  s t ruc tu re  lie nea r  the  p lanes  
z = 0 and  z = ½, and  are clear ly d is t inguished  f rom 
the  non-po la r  pa r t s  which are fo rmed  by  con tac t  
be tween  benzene r ings a round  the  twofo ld  screw axes 
a t  z = ¼ and  ~. The  perfect  c leavage para l le l  to  t he  
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Fig. 5. Schematic projection of NH 4 acid phthalate on (100). 
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Table 3. Observed and calculated structure factors for ammonium acid phthalate 

0 k / FoM" roalc" 4/' 

0 0 0 -- 758.0 -- 

0 2 0 9"7.0 7%3 .3 
o A o 4a.2 -35.2 13.0 
o 6 o 45.0 43.4 1.6 
0 8 0 37.9 -29.5 8.4 
0 10 o 16.8 -14.8 2.0 
0 12 0 8.0 --6.0" 2.0 

0 0 2 28.1 25.2 2.9 
0 0 4 124.6 -127.8 3.2 
0 0 6 30.5 -~4.3 3.8 
0 0 8 34.3 -37.0 2.7 
0 0 10 52.9 -43.5 9.4 
0 0 12 22.2 -19.3 2.9 
0 0 14 101.3 102.4 i.i 
0 0 16 19.2 8.6 10.6 
0 0 18 40.8 -38.2 2.6 
0 0 20 16.0 -27.2 11.2 
0 0 22 0.0 4.7 (4.'7) 
o o 24 o.o 13.4 (13.4) 
o o 26 1o.9 l O . t  .5 
o o 28 3.8 -3.5 ,3 
o o 30 8.9 - u . . 2  3.3 
0 0 32 12.1 -20.1 8.0 

o 2 2 o.o -4.1 (4.1) 
0 2 4 23.4 17.8 5.6 
0 2 6 65.8 -66.0 .2 
0 2 8 2*/.8 -35.2 7.4 
0 2 1 0  40.0 41.5 1.5 
0 2 1 2  32.3 37.1 4.8 
0 2 14 5.0 7.9 2.9 
0216 =8 -,,8 20 
02~ 346 ~7 99 
0220 86 i06 ~0 
0 °:x 290 202 8 8  

8.8 8.6 .2 
0 2 26 11.0 18.2 7.2 
0 2 28 16.0 -14.8 1.2 

0 4 2 50.6 -47.0 3.6 
o 4 A 8~.6 -85.4 3.8 
0 4 6 49.1 -51.5 2.4 
0 4 8 3&.~ 31.7 2.6 
o 4 io 14.2 18.9 4.7 
o 4 12 41.1 32.6 8.5 
o 4 14 ~ . 7  30.3 .4  
0 & 16 0.0 0.4 ( .4 )  
0 4 18 ~6.1 -36.6 .5 
o 4 20 10.1 -17.3 7.2 
0 4 22 19.9 19.3 .6 
o 4 24 o.o -0.4 (.4) 
0 4 26 9.7 10.1 .4 
0 4 28 3.6 5.1 1.5 

o 6 2 14.2 19.2 5.0 
o 6 4 29.0 -22.5 6.5 
o 6 6 44.4 -43.4 1.0 
o 6 8 29.6 -29.6 .0 
o 6 1o 18.4 1~.1 4.3 
o 6 12 23.4 25.4 2.0 
0 6 14 15.1 14.2 .9 
o 6 16 9.2 - 0 . 6  8.6 
o 6 18 17.1 8.6 8.5 
0 6 20 16.9 -19.6 2.7 
o 6 12 m . 1  -18.9 .8 
o 6 24 11.2 18.6 7.4 
0 6 26 0.0 2.9 (2 .9 )  
0 6 28 4.1 4.1 .0 

0 8 2 32.6 34.2 1.6 
0 8 4 38.8 ~ . 2  2.4 
0 8 6 0.0 1.5 (1.5)  
0 8 8 ~ . 4  -15.o .6 
o 8 1o o.o 3.5 (3.5)  
o 8 12 o.o 7.4 (7..;) 
o 8 ~ 20.4 -20.o .4 
o 8 16 8.9 -17.8 8.9 
o 8 18 9.1 4.5 4.6 
o 8 20 0.0 9.0 (9.0) 
o 8 22 3.6 5.0 1.4 
0 8 24 7.1 12.3 5.2 
o 8 26 8 .6  - 9 . 2  .6  

10 2 20.1 22.1 2.0 
10 0.0 -4 .3  (4.33 

0 10 6 4.1 -7 .3  3.2 
0 10 8 4.2 3.8 .4  
0 10 10 0.0 -2.9 2.9 
0 i0 12 0.0 3.3 3.3 
0 10 14 8.3 -2 .9  5.4 
o 1o 16 2.4 3.3 .9 
0 I0 18 3.3 -6 .2  2.9 
O 10 20 3.6 1.5 2.1 

0 k Z Fo1~. Fcalo" AlP 

g g ~  3.3 -1.2 2 .1  
0.0 -2 .7  (2.7) 

o 12 6 3.0 -3 .8  .8 
o 12 8 8.9 -8.1 .8 
o 12 lO 6.3 6.8 .5 
0 12 12 8.9 8.9 .0 

0 1 2 55.0 -55.9 .3 
0 1 4 16.6 -21.6 5.0 
0 1 6 137.6 126.1 11.5 
0 I 8 31.3 23.8 7.5 
0 1 i0 30.I 23.9 6.2 
0 1 12 37.9 45.3 7.4 
o 1 14 39.3 38.2 1.1 
0 1 16 40.9 -38.2 2.7 
0 I 18 i~/.3 -30.2 2.5 
0 i 20 10.1 19.5 9.4 
0 1 22 15.4 -10.9 4.5 
o i 24 21.9 17.4 4.5 
o I 26 22.5 30.1 7.6 
0 i 28 3.0 3.0 .0 
0 1 30 9.2 -6.8 3.4 
o i 32 o.o -5 .6  (5.6) 

0 3 2 91.2 93.5 2.3 
o 3 4 85.5 85.9 .4 
o 3 6 17.8 23.5 5.7 
0 3 8 25.5 14.7 10.8 
o 3 1o 59.5 60.2 .7  
0 3 12 29.0 -31.2 2.2 
0 3 14 8.5 -4.6 3.9 
o 3 16 o.o o.o (o.o)  
o 3 ~ 13.1 1~.7 .6 
0 3 20 9.8 2.2 7.6 
0 3 22 17.4 -22.1 5.7 
o 3 2£ 22.2 19.9 2.6 
o 3 .~ o.o lO.O (1o.o) 
0 3 28 3.6 1.6 2.0 

0 5 2 12.4 -3.3.2 .8 
0 5 4 57.9 65.0 %1 
o 5 6 46.4 -30.0 16.4 
o 5 8 64.4 -64.5 .i 
0 5 10 11.2 -10.4 .8 
0 5 12 12.7 -22.3 9.6 
0 5 14 o.o 5.6 (5.6) 
0 5 16 10.7 -2 .9  7.8 
0 5 18 36.1 40.8 4.7 
o 5 2o 12.4 -5 .3  7.1 
0 5 22 20.4 -1%.8 6.4 
o ~ 24 3.0 .-6.8 3.8 
0 5 26 5.9 -9 .8  3.9 
o 5 28 2.3 2.2 .1 

0 7 2 29.6 -25.7 3.9 
0 7 4 X,8.3 -4S.3 .0 
0 7 6 24.8 -17.2 7.6 
0 7 8 20.1 -25.5 5.4 
0 7 10 0.0 0.0 .0 
0 7 12 7.1 -7.i .0 
o 7 14 ]3 .6  ~ . 2  8.6 
0 7 16 0.0 -2 .6  (2.6) 
o 7 18 8.3 -7 .1  1.2 
o 7 20 10,3 -8 .6  1.7 
o 7 22. lO.1 -15.4 5.3 
0 7 24 1.3.3 5.9 7.4 
o 7 26 8.3 3.4 ~.9 
o 7 28 6.5 --6.5 . o  

o 9 2 ~4.3 35.6 1.3 
0 9 4 4.i 3.0 1.I 
o 9 6 3.0 5.0 2.0 
o 9 8 9.5 4.2 5.1 
o 9 io 11.3 8.9 2.5 
o 9 12 12.5 -11.3 .2 
0 9 14 4.2 -5.b 1.4 
o 9 16 o.o 7.5 (7.5) 
o 9 18 o.o 1.7 (i.7) 
o 9 20 3.2 2.2 1.0 
0 9 22. 3.0 -3 .5  .5 

o 11 2 8.0 -5 .1  2.9 
0 11 4 8.8 11.9 3.1 
0 11 6 9.8 14.2 4.4 
0 11 8 9.5 5.8 3.7 
0 11 i0 4.1 -3.7 .4 
o ~ ,  8 0  , . 7  ,.3 

6.2 -1 .8  4.4 
o 11 16 2.9 2.5 .4 

o , ~  2 .4  ~.9 1.~ 
13 ,. 8.0 -8 .3  • 

h 0 ~ Fot~. Fealc" AF 

2 0 0 156.9 145.4 11.5 
4 0 0 3.2 5.7 2.5 
6 0 0 0.0 -1 .6  (1.6)  
8 o o 18.5 19.2 .7  

2 0 2 85.7 -83.7 2.0 
2 0 4 121.4 -129.6 8.2 
2 0 6 13.4 -7.3 6.i 
2 0 8 18.5 15.6 2.9 
2 0 10 32.4. -33.3 .9 
2 0 12 19.3 -30.4 1.1 
2 o 14 70.2 65.3 4.9 
2 0 16 18.9 15.3 3.6 
2 o 18 8.2 -1 .8  6.4 
2 0 20 ~.2 -1.4 1.8 
2 0 22. 16.4 -12.8 3.6 
2 0 24 13.3 3.2 lO.1 
2 0 26 10.3 4.6 5.7 
2 0 28 24.5 25.6 1.1 
2 0 30 

4 0 2 19.2 19.0 .2 
4 0 4 11.0 -LI.O .0 

086 2 7  - 0 3  2 4  
23.3 16.9 6.4 

4 0 i0 8.9 7.3 1.6 
4 o 12 o.o 4.5 (~.5) 
4 o IA 17.4 2'7.2 9.8 
4 o 16 6.8 5.5 1.3 
4 0 18 0.0 -7.3 (7.3) 
4 o 2o 0.0 -7 .3  (7.3) 
4 o 22. 28.1 -32.2 4.1 
4 0 24 10.7 -10.1 .6 
4 o 26 o.o -4.3 (4.3) 
4 0 28 17.1 20.1 3.0 

6 o 2 3.2 3.6 .4 
6 o 4 3.2 7.5 4.3 
6 o 6 o.o  -5 .7  (5.7) 
b o 8 3.9 -9 .3  5.9 
6 0 I0 9.1 -3.9 5.2 
6 0 12 14.8 -12.8 2.0 
6 o 14 o.o 1.1 (1.1) 
b 0 16 5.9 3.0 2.9 
6 o 18 17.b 10.2 7.4 
6 o 20 13.3 12.2 1.1 
6 0 ;.2 8.5 -8.7 .2 

2 0 1 48.9 47.1 1.8 
2 o 3 51.0 -42.1 8.9 
2 0 5 10.5 -10.3 .2 
2 0 7 62.2 -62.8 .6 
2 0 9 66.9 -59.2 7.7 
: O~ 16.5 5.9 10.6 

0 1.6 1.8 .2 
2 0 15 37.8 ~.3 ~.5 
2 0 17 31.6 32.6 1.0 
2 0 19 12.8 -19.4 6.6 
2 0 21 11.7 -17.6 5.9 
2 0 23 3.2 -13.7 10.5 
2 0 25 34,7 -34.0 .7 
2 0 27 5.9 2.5 3.4 
2 0 29 3.7 2.7 1.0 

4 0 1 40.2 29.7 10.5 
4 0 3 43.8 -40.9 2.9 
4 0 5 17.4 20.1 2.7 
4 0 7 0.0 0.0 .0 
4 0 9 12.8 12.8 .0 
4 o 11 4.3 3.2 11.1 
4 o 13 3.0 -6 .1  3.1 
4 o 15 16.9 20.1 3.2 
4 o 17 o.o ~. .8  ( ~ . 8 )  
4 0 19 11.2 - ] 3 . 7  2.5 
4 0 21 0.0 -5.7 (5.7) 
4 0 23 11.0 16.0 5.0 
4 0 25 2.7 -2 .7  .0 
4 0 27 7.3 7.5 .2 

6 o 1 o.o -5.5 (5.5) 
6 0 3 8.0 8.2 .2 
6 o 5 35.2 -32.0 3.2 
6 0 "I 3.0 -0.5 2.5 
6 0 9 31.1 34.2 3.1 
6 0 11 8.6 -5.5 3.1 
6 0 13 13.3 -14.4 1.1 
6 0 15 15.6 -16.7 1.1 
6 0 17 13.5 -13.0 .5 
6 o 19 o.o -7 .3  (7.33 
6 o 21 0.4 5.7 .7 
6 0 23 2.7 2.9 .2 

(001) plane is accounted for by these non-polar regions, phthalates discussed here, the contact between ben- 
This structural principle is characteristic of the crystal zene rings always involves twofold screw axes. 
structure of salts of aromatic acids such as potassium No hydrogen bond is found between the phthalate 
hydrogen bisphenylacetate (Speakman, 19493, zinc and ions; but the approach of 3.08 A between OI and OII 
magnesium benzene sulphonates (Broomhead & Nicol, of the same ion might be due to a weak hydrogen bond, 
19483, and sodium, potassium and rubidium benzyl- since the 128 ° angle of CI-01-OII is somewhat favor- 
penicillin (Crowfoot, Bunn, Rogers-Low & Turner- able. This is in contrast to free phthalic acid, where 
Jones, 19493. I t  is interesting to note that  in every no such intramolecular hydrogen bond is formed (van 
one of these crystals, just as in the series of alkali acid Schalkwyk, 19543. This point in the alkali acid 



328 T H E  C R Y S T A L  S T R U C T U R E  OF AMMONIUM ACID P H T H A L A T E  

Cl 
1 . 3 ~  1"40 

c 9,, I ''~° 

^ 

• - - 4 0 i  , C r l  

C C ~ c  2 

c ~  . ~0o~ 
C4"1",230 

. . . .  

3 / /  va vo i ,  

v0]i,  

Fig. 6. Bond distances and bond angles in phthalate ion, from NT[ 4 acid salt. 

phthalate structures cannot be properly clarified 
without a neutron diffraction analysis. 

A projection of the structure, illustrating packing 
and coordination around the ammonium ion, is shown 
in Fig. 5. All van der Waals' distances between aro- 
matic carbons are normal. 

That  the benzene ring and Cz and Cn lie in a single 
plane was established by  obtaining the equation of 
the plane through these eight carbon atoms. The 
equation, evaluated by least squares, is 

x+O.6476y+2.099oZ = 0.8329 , 

x, y and z being measured in fractions of cell edges. 
The displacement of all eight atoms from this plane 
is less than 0-05 A. The benzene ring is a slightly 
distorted regular hexagon, with somewhat short dis- 
tances of 1-35 A for the bonds Co-C1 and C5-C e. All 
earboxyl groups are planar within the limits of error. 
Carboxyl group I has two non-equivalent bonds, with 
C-0I  probably a double bond and C-0~ a single bond. 
The non-equivalency of C-0  bond lengths in a car- 
boxyl group is of course found in other crystals: 
1-184 and 1.338 /~ in nicotinic acid (Wright & King, 
1953); 1.16 and 1.26 /~ in furoic acid (Goodwin & 
Thomson, 1954); and 1-187 and 1.285 A in oxalic 
acid dihydrate (Ahmed & Cruickshank, 1953). 

Bond lengths and angles are shown in Fig. 6. 
Owing to steric hindrance, the carboxyl groups are 

not in the plane of the benzene ring. The angle be- 

tween the plane of the benzene ring and tha t  of the 
carboxyl group is 21 ° for group I and 65 ° for group II .  

Coordinate accuracy was assessed by the method of 
Cruickshank (1949). The standard deviation of bond 
lengths is calculated as 0.03 A, and tha t  of bond angles 
as 5 ° . 
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