
1128 [Er(C32H16N8)2] 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/~2) 

C3--C2--C7 121.2 (14) 
C7---C2---C 1 104.8 (12) 
C2--423---C4 116.6 (16) 
C5----C4---C3 122.9 (16) 
C6---C5----C4 119.5 (17) 
C5--C6--C7 119.7 (17) 
C6--C7----C2 120.1 (14) 
C2---CY7---C8 107.0 (12) 
N1---C8--N2 vi 127.8 (13) 
N 1---C8---C'7 108.7 (14) 

. . . .  * * . . Ueq = (1/3)~,EjU,ja i a) a,.aj. 

x y z Ueq 
Er 1/4 1/4 3]4 0.0311 (8) 
N1 0.2851 (6) 0.3432 (6) 0.9631 (17) 0.036 (3) 
N2 0.1808 (6) 0.4047 (6) 0.9883 (22) 0.042 (3) 
C1 0.2479 (9) 0.4002 (7) 0.9824 (22) 0.039 (4) 
C2 0.2890 (7) 0.4583 (7) 1.0024 (26) 0.038 (4) 
C3 0.2766 (9) 0.5243 (8) 1.0124 (27) 0.053 (5) 
C4 0.3322 (9) 0.5666 (9) 1.0289 (32) 0.066 (6) 
C5 0.3963 (9) 0.5434 (8) 1.0333 (31) 0.063 (5) 
C6 0.4077 (9) 0.4774 (8) 1.0206 (29) 0.056 (5) 
C7 0.3546 (7) 0.4338 (7) 1.0054 (24) 0.040 (4) 
C8 0.3502 (8) 0.3605 (8) 0.9846 (21) 0.040 (4) 

Table  2. Selected geometric parameters (/~, o) 

Er--N1 2.410 (11) C2----C7 1.39 (2) 
N1----C8 1.35 (2) C3---C4 1.40 (2) 
N1----C1 1.36 (2) C4----C5 1.36 (2) 
N2----C1 1.34 (2) C5----C6 1.34 (2) 
N2-----C8 i 1.36 (2) C6--C7 1.37 (2) 
C1---C2 1.42 (2) C7---C8 1.47 (2) 
C2---C3 1.34 (2) 
Nlii--Er--N1 i 79.4 (6) 
NI~--Er--N1 i~ 71.1 (3) 
Nli--Er--N1 iii 140.4 (6) 
NI~--Er--N1 iv 82.9 (6) 
N liii--Er--N 1 v 110.7 (5) 
Nli~--Er--N1 ~ 146.3 (6) 
C8---N1----C1 107.4 (13) 
C 1--N2----C8 i 123.3 (12) 
N2----C1--N1 126.9 (14) 
N 1-----C 1----C2 111.9 (14) 

Symmetry codes: (i) ½-y,x, z; (ii) ½-y, ½-x, ½-z; (Hi)x, ½-y, ~-z ;  
(iv) ½ -- x ,  ½ - -  y ,  z; (v )  ½ - x ,  y ,  ] - -  z; (v i )  y ,  ½ - x ,  z.  

Data collection: CAD-4/PC (Enraf-Nonius, 1993). Cell refine- 
ment: CAD-4/PC. Data reduction: MolEN (Fair, 1990). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: ORTEPII (Johnson, 1976). Soft- 
ware used to prepare material for publication: SHELXL93. 
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A b s t r a c t  

The  crys ta l  s t ructure  o f  the title c o m p o u n d ,  K+. (HO2C B 

C 6 H 4 - - C O 2 ) - . 0 . 5 H 2 0  2, is l aye red  wi th  e ight  O a toms 
a round  the cat ion.  A n i o n - a n i o n  and  a n i o n - h y d r o g e n  
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peroxide hydrogen bonding occurs. A short oxygen- 
oxygen bond distance is observed for the hydrogen 
peroxide. 

Comment 
Potassium hydrogen phthalate hemiperhydrate, (I), was 
first observed as an undesirable contaminant during the 
preparation of a solid peroxy acid salt derivative of 
phthalic acid. This was during a study of the reactivity 
of organic salts in the solid state (Kariuki, 1990). 
The structure was determined in order to establish its 
identity. 

HO 

(I) 

K +. 0.5(H202) 

The crystal structure is composed of potassium 
cations, hydrogen phthalate anions and hydrogen perox- 
ide molecules of crystallization. There are two ion pairs 
per hydrogen peroxide molecule. The angles between 
the plane through the phenyl ring and the ---CO2 groups 
are 17.82 (44) ° for the carboxylic and 73.82 (23) ° for the 
carboxylate moieties. The interplanar angle between the 
---CO2 groups is 67.91 (38) °. Each carboxylate is hydro- 
gen bonded to a carboxylic group of the neighbouring 
anion and a hydrogen peroxide molecule. 

O2 

05 04 

O5A ~ C8 

03 

~ O1 

C6 

Fig. I. View of the title compound showing the atomic numbering 
scheme. 

The hydrogen peroxide molecule lies on a centre 
of symmetry. The O O bond distance is shorter than 
1.481 (9)/~, the value found in hydrogen peroxide 
dihydrate (Olovsson & Templeton, 1960). Short O--- 
O bonds in hydrogen peroxide molecules have also 
been observed in other solids, e.g. in urea hydrogen 
peroxide (Fritchie & McMullan, 1981), dipotassium 
oxalate monoperhydrate (Pedersen & Kvick, 1990) and 
ammonium oxalate monoperhydrate (Pedersen, 1972a). 
Possible explanations for this shortening include random 

substitution of hydrogen peroxide by water molecules, 
as well as thermal motion (Pedersen, 1972b). 

In the crystal structure, sheets composed of cations 
and hydrogen peroxide separate double layers of anions. 
The general packing features are similar to those 
observed in other hydrogen phthalate structures (Kariuki 
& Jones, 1992). 

.....i * . ~ ~ i i  .." 

O o  O o  O o  

° 

• .° 

Fig. 2. The structure viewed down the a axis. H atoms have been 
omitted for clarity and the filled circles are K ÷. The dotted lines 
represent hydrogen bonds. 

Experimental 

Crystals of good quality were obtained by dissolving potas- 
sium hydrogen phthalate in a 35% w/w solution of hydrogen 
peroxide in water and allowing slow evaporation at 295 K. 

Crystal data 

K+.CsHsOa.0.5H202 
Mr = 221.23 
Orthorhombic 
Pbca 
a = 9.4770 (10)/~, 
b = 7.4630 (10)/~ 
c = 26.727 (3) tl, 
V = 1890.3 (4) tl,3 
Z = 8  
Dx = 1.555 Mg m - 3  

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
20/,, scans 
Absorption correction: 

none 
1658 measured reflections 
1658 independent reflections 
806 observed reflections 

[I > 2tr(/)] 

Mo Ka radiation 
A = 0.71069/~ 
Cell parameters from 25 

reflections 
0 = 6-12 ° 
# = 0.554 mm-l 
T = 293 (2) K 
Prism 
0.3 x 0.1 x 0.1 mm 
Colourless, transparent 

0max = 24.95 ° 
h = 0 ---~ 11 
k=0- -o  8 
1 = 0 - o 3 1  
3 standard reflections 

monitored every 100 
reflections 

frequency: 180 min 
intensity decay: none 
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Refinement 
Refinement on F 2 
RtF 2 > 2tr(F2)] = 0.0449 
wR(F 2) = 0.0859 

S = 1.262 
1654 reflections 
139 parameters 
w = 1/[trE(F 2)  + (0 .0373P)  2] 

where  P = (F  2 + 2F2)/3  

(A/~r)max = 0.002 

Apm~x = 0.246 e/~-3 
Apmi~ = -0.255 e/?k -3 
Extinction correction: none 
Atomic scattering factors 

f rom International Tables 
for  Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

. - * * . . Ueq = (1/3)~i~jUzlai aj az.aj. 

x y z Ueq 
K1 0.79525 (9) 0.18027 (11)  0.49537 (3) 0.0398 (3) 
O1 0.2213 (3) 0.6690 (5) 0.64658 (9) 0.0523 (8) 

. 0 2  0.3278 (3) 0.5759 (4) 0.57715 (9) 0.0452 (8) 
03 0.6427 (3) 0.4034 (4) 0.55458 (9) 0.0458 (8) 
04 0.4818 (3) 0.2225 (3) 0.58654 (10) 0.0394 (7) 
C1 0.4563 (4) 0.5718 (5) 0.65344 (12)  0.0280 (9) 
C2 0.5656 (4) 0.4620 (5) 0.63671 (12)  0.0270 (9) 
C3 0.6823 (4) 0.4358 (5) 0.66743 (13) 0.0383 (10) 
C4 0.6884 (4) 0.5149 (6) 0.71448 (14) 0.0464 (11) 
C5 0.5821 (5) 0.6246 (6) 0.73022 (14) 0.0452 (12) 
C6 0.4679 (4) 0.6550 (5) 0.70019 (13)  0.0375 (10) 
C7 0.3303 (4) 0.6059 (5) 0.62196 (14)  0.0337 (10) 
C8 0.5624 (4) 0.3584 (5) 0.58864 (13)  0.0273 (9) 
05 0.4811 (4) 0.0450 (4) 0.47762 (11) 0.0799 (12) 

Table 2. Selected geometric parameters (/~, o) 
K1----O3 i 2.668 (3) O2--C7 1.219 (4) 
K1----O3 2.714 (3) O3----C8 1.233 (4) 
K1--O2 ~ 2.740 (3) O4--C8 1.271 (4) 
K1----O5 ~ 2.798 (3) C1---C7 1.483 (5) 
K1---4)2 i~ 2.903 (3) C2----C8 1.500 (5) 
K1----O4 ~ 2.906 (3) C--C(rin. g-mean) 1.385 (5) 
KI---O5 3.180 (4) 05----05 tv 1.418 (6) 
K1---O5 iv 3.194 (4) O1----O4 v 2.538 (4) 
O1---C7 1.312 (4) 05----04 iv 2.655 (4) 

C2----C1----C7 121.2 (3) O2----C7--C1 122.8 (4) 
C6--C1---C7 119.6 (3) O1---C7---C1 114.3 (3) 
C3--C2---C8 116.7 (3) 03--C8---04 123.8 (3) 
C1---C2----C8 124.2 (3) O3---C8---C2 118.6 (3) 
O2---C7---O1 122.9 (4) O4----C8----C2 117.5 (3) 

Symmetry codes: (i) ~ - x,y - t,z; (ii) ½ + x, ½ - y, 1 - z; 
(iii) 1 - x, 1 - y, 1 - z; (iv) 1 - x, - y ,  1 - z; (v) ½ - x, ½ + y, z. 

All non-H atoms were assigned anisotropic displacementparame-  
ters. The posit ions o f  the ring H atoms were  fixed geomet-  
rically and the difference-Fourier  synthesis map  revealed the 
locations of  the carboxyl ic  and hydrogen peroxide protons. 

Data collection: CAD-4 Software (Enraf -Nonius ,  1989). 
Cell refinement: CAD-4 Software. Program(s)  used to solve 
structure: SHELXS86 (Sheldrick, 1985). Program(s)  used to 
refine structure: SHELXL92 (Sheldrick, 1992). Molecular  
graphics: DTMM (Crabbe & Appleyard,  1991). Software used 
to prepare material for publication: SHELXL92. 

Financial support by Solvay Interox PLC is appreci- 
ated. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: HUll20).  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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