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The crystal structure of nickel(II)-dehydroacetic acid monoimide complex (CsHsO3N)2Ni has been 
determined by three-dimensional X-ray analysis. The unit-cell dimensions are: a =  18"63, b=21.64,  
c = 3-84/~. with Z =  4. Space group P212121. The compound has a chelate structure with a square planar 
configuration. 

Introduction 

Dehydroace t i c  acid, which  is one of  the mos t  widely  
used fungicides  and  bacter icides for  foods,  was f o u n d  
to react  easily wi th  a m m o n i u m  ions,  p r i m a r y  amines  
and  o ther  subs tances  con ta in ing  p r imary  amino  groups ,  
even in mi ld  cond i t ions  such as in vivo. 
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These  react ions  were ful ly  inves t igated  because  o f  
thei r  chemical  and  biological  interest  (e.g. Iguchi ,  
Hisa t sune ,  H i m e n o  & M u r a o k a ,  1959), and  the  struc- 
tures  of  the p roduc t s  were s tudied in detai l  by  in f ra red  

Table  1. Positional and thermal parameters and their standard deviations 
Standard deviations and final shifts for positional parameters are expressed in 10-4/~. 

x y z B a(x) a(y) a(z) 
Ni 0"3640 0"1346 0"1993 * 15 16 20 
O(1) 0'2736 0"1554 0"3373 2"15 66 67 81 
0(2) 0"4556 0" 1128 0"0587 2"31 67 71 89 
0(3) 0"1666 0"3192 0"3581 2"84 80 76 88 
0(4) 0"5538 -0"0521 -0"0293 2-41 70 75 87 
0(5) 0"2571 0" 3731 0" 1708 3"93 85 95 102 
0(6) 0"4620 --0"1067 0"1461 2"94 73 76 95 
N(1) 0"3850 0"2135 0"0530 2"19 81 82 98 
N(2) 0"3427 0"0565 0"3473 2"35 81 83 98 
C(1) 0"2439 0'2096 0"3270 2"23 91 101 122 
C(2) 0"4832 0"0583 0"0458 2"24 99 98 123 
C(3) 0"1706 0"2116 0"4573 2"33 102 104 125 
C(4) 0"5548 0"0551 -0"0829 2"38 100 104 127 
C(5) 0"1354 0"2642 0"4649 2"38 103 98 120 
C(6) 0"5891 0"0011 -0"1207 2"09 93 97 114 
C(7) 0"2375 0"3218 0'2473 2"72 99 101 139 
C(8) 0"4854 -0"0547 0"0971 2"44 101 103 121 
C(9) 0"2770 0"2640 0"2110 2"10 89 92 120 
C(10) 0"4476 0"0029 0"1563 1"95 87 92 118 
C(l l )  0"0592 0"2736 0"5875 2"95 113 114 142 
C(12) 0"6622 -0"0084 -0"2467 2"59 102 101 138 
C(13) 0"3485 0"2652 0"0738 2"01 89 94 115 
C(14) 0"3786 0"0035 0"3095 1"97 86 90 120 
C(15) 0-3837 0"3225 - '0600 2"30 99 100 120 
C(16) 0-3431 -0"0540 0"4445 2-36 101 103 121 

Shins during final cycle x y z B 
Mean 5.2 4.5 17.3 0.006 
Max. 14.9 15.1 47.6 0.013 

• #11 fl22 #33 #12 #13 
0"00216 0"00146 0.07196 0"00009 0"00288 

e.s.d.'s 0"00004 0.00003 0"00142 0"00006 0"00043 
Final shifts 0.00000 0.00000 0.00052 0.00000 0-00004 

a(B) 

0.11 
0"13 
0.14 
0"13 
0.17 
0"14 
0.14 
0"14 
0"16 
0"17 
0"17 
0"17 
0"16 
0"15 
0"18 
0"18 
0"18 
0"15 
0"20 
0"17 
0"16 
0"15 
0"17 
0"17 

fl23 
-- 0"00035 

0"00037 
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absorption and proton magnetic resonance measure- 
ments (Edwards, Page & Pianka, 1964). The resultant 
dehydroacetic acid monoimide  (hereafter referred to 
as D H A  imide), or 3-(1-iminoethyl)-4-hydroxy-6- 
methyl-2-pyrone, forms metal complexes with some 
metal ions such as copper(II) ion, which were expected 
to be chelate compounds  (Iguchi & Goto,  1959). The 
structure determination of  these complexes seems to 
be interesting in connexion with above investigations 
as well as in coordination chemistry. In view of  these 
circumstances, an X-ray diffraction investigation of  
nickel (II) -DHA imide complex (CsHsO3N)2Ni was 
undertaken. 

Experimental 

Nicke l ( I I ) -DHA imide complex was prepared by mix- 
ing aqueous solutions of  one mole  of  nickel acetate 
and two moles of  D H A  imide; D H A  imide was ob- 
tained as a white precipitate by keeping a solution 
of  dehydroacetic acid mixed with an excess of  am- 
monia for an hour at room temperature. Single crystals 
were prepared by slow cooling of  benzene solution in 
a Dewar vessel and thin orange needles elongated along 
the c axis were obtained. Although well developed 
crystals were also obtained in solvated form from solu- 
tions of  some other solvents, e.g. dioxane or dichloro- 

Table 2.  Observed and calculated structure factors 

K To Fc K Fo 

B,L= 0 10.8 
2 11.} 09.8 ~ 36.4 

20 .913 .0  . o  ~,1 ~ d:~ 
121°~ ~,~5~° 58i~°6~? I ~:~ 
14 49.? ~2.? lO ~ ~:~ 
1 6 7 6 . 9 7 2 . 8  11 20.3 
185o.547.312 5.3 
2o 1 5 . 8 1 2 . 9 1 3  o.o 
22 43.9 43.9 14 49.4 
24 o.o 0.515 20.5 
262~.521.51625.7 
H,L= 1 O 17 O.O 

66.161.91828.0 
91.682.219 O.O 

529.734.920 11.8 
~ . o  6 4 1 . 2 2 1  o.o 

• 58.522 37.7 
40.6 45.2 2~ o.o 
21.1 31.7 24 0.0 

8 0.o ?.3 25 0.0 
190 o.o ~. i  26 11.9 

58.8 ~ . 6  .i~6~.~o 11 71,866.? 
1237.536.32 ~2 .1 
13 o o io ~.2 
1420.617.6 4 7.2 
1558.659.? 536.9 
163O.8 29. 
17 51.9 49.~ 6 o.o o.o 
18 222 216 8 ~ 8  

58"? ~:~  lO9 ~.845"8 11.9 
21 6.7 8.2 11 11o.6 
22 o.o 5.6 1231 .1  
23 8 , 8 1 2 . 3  13 o.o 
24 0.0 12.4 14 0.0 
25 O.010.31571.8 
26 O.0 2.61621.6 
H,L= 2 O 17 O.O 
1 20.6 18.4 18 0.0 

81.9 87.e 19 2}.8 
~ 139.5 151.5 20 O.O 

79.279.8  21 11.5 
4 21 ,420 .6  22 o.o 

85.o ? 8 , 4 2 3 3 1 , 7  
81.969.924 7.7 
16,121.62519.9 
13.2 1 5 . 1 2 6  7.1 

19 o lO5.491.O 27 18.6 
28 .116 .9  H,L= 6 

11 8.4 8.9 o 31,2 
12 9.? £o.5 1 78,8 
13 62.3 57.9 2 38.o 
1415.213.3 3 11.9 
~I,5 13 .512 ,p  4 6,7 
1612.612.6 5 54.5 
1740.~ ~1.5 626.1 
£8 }7.8 ).5.4 7 0.o 
19 0,0 2.6 8 )2.2 
~1124.7 20.9 19 17.0 1 ~ 5 1 ~ 3  41o 
22 0.0 0.2 11 32.5 
2) 12.5 14.1 12 18.8 
2k £O.O 7.6 I} 4h-7 
2520 .4  19.5 14 o.o 
26 0 . 0 0 3 . 3 1 5 1 4 . )  
~,L= 3 16 20.9 
1 ~9.9 61.5 17 27.9 
2 ~9.4101.1 18 O.O 
34?.451.8 19 o.o 

22.} 20 0.0 } g~:~ 76.1 21 2 4 6  
8 0 7  71.7 2+ 0 .0  
?5.1 ?2, 2) 15.5 + 
3.653.o 2411.9 

19o ~:o' % '  2, 19.1 26 14.2 
11 14.8 12.? H,L= 7 
1 2 2 1 , 6 2 4 , 1  1 34.4+ 
1 3 2 8 , 2 2 7 . 8  2 5 3 . 7  
14 ~6.9 ..%.9 3 o.o 
15163,.5191 ~I:~ ~ 6~:~ 
1 7 1 5 . 1  8.1 651.6 
18 O.O 4.8 7 o.o 
1924,723.4 8 9.8 
2026 .5  27.9 9 16.2 
21 O.O 1.2 10 52.} 
22 0.0 4.} 11 20.2 
2} 12.4 11.7 12 57.5 
24 17,2 15 1p, 272 
2, 0.o . 14.47.7  26 5.5 4.6 1, 14.7 
H.La 4 0 16 28,4 
093.985.5 1? )2,0 
114.715.2118 19.4 
2 17,4 17.8 o.o 

Fc K Fo F¢ X Fo F~ K Fo 

9.822~i }i.~ ~2.O 12 }I.I L~ ~ 14 6.5 
29.7 O.O 2 . 8 1 3  O.O 10 ~" 15 6.} 
1.3 22 o.o 5.7 14 13.6 16 19.o 

52.2 23 0.0 9.2 15 0.0 . 
49.72413.516.o 1628.2 1817 5-7 
6502) o o 1517178 ~:~ 

lO.6 
19 o.o 

5 3 . 7 2 6  0 . 0 0 0 . 7  18 6.5 8.1 2 0 1 ~ . 7  ?.5 . , , :  8 ~ o o o~ ,6,+:~6 6 
19.1 o 66.} 84.2 +~ 8.4 8.9 
ii.I 135.822.121 O.O 6.5 119.2 
?.6 26?.556.022 0.O 4.4 2 6.8 

~ . 2  3 5o.4 40.4 23 o.o 1.4 3 6.8 
19.? 4 7 o . 1 5 8 . 7  24 12.4 12.4 4 6.8 
29.3 5 0.0 6.0 H,L= 12 0 5 24.7 

7 .9  641.93~.5 0 ~.133-} 6 6.5 
28.6 14.1 i).9 33.2 
3.6 ~ + o.o 'I:~ 52 .145 .0  
13.o 937.132.7 346.040.5 
2 . 5 1 0  57.231.9 4 4 h . 2  L~2.1 

65 ~g 36468 39.2 zt lo.o 9.0 )~. 
iO.O 12 24-9 25.3 
7.1 1 3 2 6 . 6  25.4 7 22.2 22.1 
4.5 14 39.8 3).2 8 54.8 51.4 
Io).315 o.o 1.h 55.951.3 

1617.916.O 1~ 6.5 9.4 
62.9 1729.929.0 11 0.0 5.0 
29.91855.031.712 9.511.5 
16.} 19 O.O 1 . 7 1 3 2 0 . 5  21,6 
~.22018.616.3 I~ O.O 2.9 

36.0 21 0.0 6.9 15 0.0 2.2 
2.5 22 1~.6 i~.8 16 o.o 2.o 
9.5 23 0.0 8.3 17 16.2 17.4 

}9.6 24 0.0 6.2 18 0.0 7.2 
)5.8 25 8,7 8.019 8.510.3 
78.82615.116.O 20 o.o 1.? 
111.4 H,L= 90 21 O.O 5.2 
29.2 1104.9 9 1 . 7 2 2  O.O 8.i 
6.} 2 9.~ 7 , 7 2 3  o.o 4.8 
8.5 319.621.4 H L= 13 O 
65.8 ~ O.O O.i ~ ~o.828.9 
21.6 5 57.5 }5.3 2 17.1 16.0 
5.4 6 o.o 2.} } 4~.8 ~2.o 
2.9 ? 44.043.8 4 0.0 ?-5 

22.3 ~ 13. 10.6 17.6 16.~ 
62 17.~ 16.~ ~ ..5 14.~ 
12.9 io 14.114.9 ? io7.7104.5 
0 . 0 1 1  ~ . }  58.2 ~ 26 .927.0  

3 2 . 6 1 2 2 0 . 7 1 6 . 4  } 2 . 5 2 8 . }  
10.413 O.O 4.} I 35.654.1 
2o.814 6.6 6.61119.217.5 
7 . 7 1 5 4 6 . 5 5 2 . 2  12 O.O 8.4 
io7.71621.621.715 O.O 0.2 

17 o.o 3.614 o.o 2.0 
30,2 18 21,5 21,~ 15 33,1 }3.7 
71.7 19 I}.312.816 O.O 5.5 
25.920 6.2 ~:~ 9317 6} 
16.4 21 10.-I 15 0.O 1.2 
6 . 1 2 2  0,0 0 . 8 1 9 2 6 , 9 2 6 . 2  
55.5 2} 12.614.9 20 O.O 5.? 
23.2 24 o.o 3 . 2 2 1  o.o 6.5 
6.72511.911.322 O.O 2.6 

24.5 H,L= I0 0 2} 18.9 19.1 
16.5 ~ 166.7 15~.8 H,L= 14 O 13 O.O 
)~.4 83.6 85.1 O 12.6 12.8 14 9.0 
28.6 2 O.O 0.9 I 22.9 20.6 15 O.O 

16 O.O i+.4 ~ 7.2 ~:~ ~ o.o 16.11"6 
16.9 17 O.O 42,9 41.2 

1.5 558.055.8 4 0.010.4 18 22.2 12.86 10.S 11.3 5 ~0.628.9 H,L= 19 20.? ? 0.o 0.4 6 0.0 3.? 6 1 0.0 28.0 58.1 ! 17.6 16.4 35.2 
8.1 o937-935.2 26 .027 .2  ~ 18.51_8"5 
3.0 lO 23.623.8 o.o 5.5 
o.o ii o,o o.2 IO 53,o 52.4 4 O.O 
280 12 ~ . ~  ~7.8 11 21.7 21.9 ~ 12.?"'3 
8.4 I) . ~6.5 la o.o 3.~ ~ o.o 
15.714 o.o 7,3 1 3 1 6 . 7 1 4 . 5  ~ 16.1 
12.21515.211.21417.818.4 O.O 127.215 6.5 7.4 18.616 I~ 16 10.5 iO 9.9 
104.6 17 1.~.~ 6.65 11 0.0 18 6.7 10.o . 17 . 1 2 1 5 . 7  ~I.? 19 0.0 0.} 1817.2 19,3 15.7 59-8 20 O.O 0.2 19 O.O 2.3 H,L= 20 
7,0 21 16.6 16.2 20 O.O 2.4 0 O.O 
~2221,2 i~.7 2111.5101 i 6.2 

~4 .823  0.0 22 15.4 1~.~ 2 1 2 . }  
~1 .324  o.o ~:~ H,L= 15 ~6.9 2.125 8.3 7.8 118.7 315.o 
12.O H,L= 11 O 51.9 =425.10"O 

o.o 9.0 ~:~ i ~,,6 ~:~ ~, , 1  1o i  
2 65.9 4 0.0 ).i 

21. O.O 28.5 0,0 3).~ ~ 2~:o ~ ~ 27.5 ~ 9.9 
281 25.3 2~:~ 19o 17.8 25.1 6,8 5 5.6 o.o 
5o.o 48,8 ~ o,o /41.2 6 ii,8 9.3 11 O.O 

1 .2 7.2 9 73 .366 .2  2 L  g 0.0 12 7.8 31.8 28.7 1o 54.6 51.6 15 22.2 29.7 9 12.3 13.9 11 j2.1 28.8 ~i ~ ~."o 
19.1 1_ 36.9 12 24.5 39.6 24.4 
7.811 0.0 3.3 i} 16.) 17.o 

F¢ K Fo PC g 1"o Pc X Fo 

8.6 2 11.2 11.9 16 19.0 18.7 ~ 25.5 
6.7 3 20.8 2~.4 17 1~.5 17.9 5 15.} 

I~'.6 4 0,0 3 , 7 1 8  }5.5 29.56 42.~ 
5.9 5 12.0 12.2 O.O 

1oi 6117151~ 2t:~ I ~ . 1  29.8 30.5 
3.9 23.3 21.~ 21 22.) 23.5 39.3 

12.2 7 6.0 6.2 22 ?.6 2.119o 56.0 
9 %7 6.5 23 25.8 29.8 1 1 5 3 . 5  

8.5 io 5.5 9.924 O..O 1.81214.O 
lb.41111.O 8.52511.712.O 1514.6 
7.6 H,L= 221 02. 2 26 O.O 3.O 14 21.5 
?.9 o 11.I ""+56570. , 16154}.0 8.6 1 o.o o o 139"5oo.~ 11.3 -44.? 2 o.o 11o6.? 17 o.o 
9.1 3 o.o ~:~ 18 24.6 2 53-9 54.9 

7 o.o }.o 4 2:,.020.6 360.I 45.71936.4 

13.~ 
o.o 6.7 o.o o.o 62.7 )5. 
o o 7.1 .~ o o ~.2 ~ 18.6 ~ 10~:~ 

10 0.0 0.8 g o o o~:0~ ~ ) . 4  6.5 22 10.1 
11 0.0 3.9 31.1 46.9 ) 7 . 6 2 ~  13.7 
1215.617.6 :~,L= 23 8 5 O . 2 4 5 . 5 2 4  8.4 

20. 1 0 . 0  9 ~7~ 5 2 . 6 2 , 5 6 . 2  13 19.2 14. 98 4.5 2 12.0 10 ~ 79.8 26 9.3 11.5 14 16.4 
15 O.O O.8 ) 9.5 10.9 11 6.1 6.7 H,5= 7 
16 o o 264 o o 2612 .0474 0480 
171~? 163 ~ 44 5~ 13 ~:~ ~72 i ~45 18 lOl 84 6 129 119 1,, 407 ~:~ 
1~ ~.9 6.6 7 22.4 .~2.7 15 21.3 18.~ ~ 45. 16 ! 20 ~.407-2 HjL: 801 15.6 12.2 
H,L= 17 ~ ,7.I ,6.5 

24.5 26.5 
2 0.0 6.2 3 ~8.0 . 18.} 15.} ? 30.0 
} 6.8 8.5 4 2 3 . 5 1 7 .  

o o 43 5 ~9,.~ X 19.4°'° 1~:~ ~.5~.9 
5 O.0 5-3 640.140.42215.11~.21 35.4 
6 9.6 10.9 ~.o 2?.5 23 17.4 Io.O 2O.9 

0.0 46.4 7 11.7 13.? 56.2 42.1 24 
. o o 0 4  , , ,  ,+ .o,., 9 0.0 4.g10 ~ ~:0 ~24"625  5.? ~:~13~3.0  

lOll 17.o°'° 1~:6 1211 1..6~.6 12.947.} %~11."3 10.? I~ ~.2 
18 140.1 

292.6 13 0.0 4214 ~54 991 21.6 
1~121.,16318 +,~ o o 2~.5+ ~ :~  } }7.1 }?. 8.0 

64.J 4 )z .~ ~ I . .  20 0.o 
++ + 7  , .  ,+ +++ + , +  , +,.+, 41 . o +  
17 o.o 0.9 ~.~ ,.,.,. 6.7 664.064.5 ~ 18.~ 
18 o.o 0.7 o.0 6.3 ~ 25.623.} 25 0.0 

8 35.8 24 0.0 1.4 1919.O u 15.6 ~ . 5  o.o 
H I~ 18 =* 7.9 ~.o 9 4 7 . 3  . 25 I0.O 

9.6 lO.o. 46 22 o.o ~.9 1o 6o.4 ~ . ?  ,,,= 8 
1 o.o 23 o.o 1 . 3 1 1  5.9 9.7 o 6~.o 
2 0.0 } . 7 2 4 1 8 . 8 2 1 . 5 1 2 2 2 . 1 2 1 . 5  1 7 0 . 8  
313.y 13.725 o.o 4.71318.517.2 2 4 9 . ~  
4 3~,.~, 3 4 . 9 2 6  O.O }.9 14 40 .136 .9  ~ 9.5 
65 lo~:o~ lo~:~ . . , ~  1 ~ 15 15.2 13.o ,4 23.} 

O 9~.5111.816 22.3 21,8 29.7 
? 0.0 0.4 Z l ~ . V  187.? 17 11.4 10.2 "6 35.1 
8 51,8 u . 9  z 9 , 3 1 o . ~  2o1834.7~ 2 9 . 8 1  ?i 42,92°'7 190 0.0 7.0 } 35.9 29.B 19 18. 17.4 

0.0 6.5 463.456.5 22.0 23.5 9.4 
11 O.O 0.3 585.7 ?8.921 O.O 5.? 24.1 
1214.215.5 618.615.22210.510.2 31.4 

5.3 ? O.O 5.123 O.O 5.31222.4 
8 . 0 9 8  70 .161 .?  2 4 2 4 . 6 2 7 . 0 1 5 2 6 . ?  
3.7 58.452.12511.811.91415.8 
%? 1021.117.826 0.0 5.1152E.8 
4.9 11 24.0 22.4" H,5= 5 16 27.1 

023.01254.9 }2.9 IO 51.65"717.3 I~ 16.40.O 
536 ~65 324 

24 14 301 2 29,298 ~ 
1 7 . 2 1 5 3 4 . 8 3 1 . 7  3 2 6 . 7  } } .7  ~ . 
19.4 16 15.3 15.9 4 20.2 24.1 21 16.2 1~:~ 17 2~.~ 24.7 2o. ,  24.2 2~ o.o 

18 . 7,0 ~ 4 8 . 8 4 1 , 2 2 3  0,0 
15.2 1 9 5 ~ ?  } ~  ~ 5 6 4 ~ 5 9 2 4 = 9  
7 , 2 2 0  8.1 . 26.1 24.7 25 11.5 
16.1 21 19. }I.i H,L= 9 } . 3 2 2 1 0 . ~  17.7 11.8 lO 9 51.2 16.4 14.6 o J2.? 
9.6 23 0.0 9.7 11 6.5 4.2 I 69.4 
1.124 6.6 ?.~ 1228.116.5 11. 

14.511.6 13.4265 13 }9.2 16.~ 
14.5 6.1 6.J 1419,? :~ 43 o.o 

H.L= 2 4 .4 °1.? o ~ o  ~38~651~:~17o95 ~ 2 L 5  
7.7 1 152.~ 159.2 21.5 22.5 26.} 
lJ.? 2147.5133., i! 16.416.1 ~ 9., 
17.1 351.} 35.5 11.511.5" ~4.9 
4.5 427.725.2 I}.914.4 iO 19.1 

24.2 11.5 ~ ~ . 1  21.6 ~ 19.o 21. 0.0 6.9 10.4 11.~ 11 14. 12 l o3  
8.9 ~ ioz.o 91.~ l :LZ 1~.9 1346.5 
2.1 53.043.4 7.5 ?.31416.1 
19.4 2~.122.O 25 6.5 5.6 ~ O.O 
0.5 19o 31.} 25.3 26 9.0 17.4 28:2~0 ~ 
0.9 11 1 .2  0 19.6 19.2 ~ . ? . 2 1 2 1 ~ . 2  ~:~ "'~" 6 
iO9.515 o.o 1,+ o.o ~:~ ~ 230 2 ~ . 5 ~  ?.? 47,7 49.4 o.o 
8.715 62.} 58.9 3 '~.939.12118.5 

22.7 
10.4 
39.1 
}9 . }  

~:~ 
52.~ 
12.4 
14.9 
20.J 
39.0 
1~:~ 
24.6 
~ . 4  
IO.7 
Io,6 
9.6 

~:~ 
?.4 
9.4 

~2.5 

37.i 
~.? 
4.? 

29.0 

23.8 
~:~  
~:g 
~g:~ 
~ o 2  
?.5 
1 . g  
11.4 
20.2 
4.5 
5.1 
9.2 

12.8 
70.5 
49.5 
lO.4 
~:~ 
32.5 
11.9 
44.2 
13.6 
24.2  
27.? 
2O,6 
24,7 

~ o 2  
16.~ 
~:~ 

l i .O 
17.4 

4.}  
5.? 
12.? 
10.4 

~.8 
14.o 
21.O 
3.5 
51.5 
2.4 
2~.? 
io.i 
46,7 
19.2 
11.8 
11,J 
45.5 
15.6 
~:~ 

29,1 
?.8 
9.0 
4.9 

19.7 
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T a b l e  2 (cont.) 

47.2 47.i ii 33.2 34.9 9 ~5 22.6 25.4 i2 o.o 4.i H,L= 9 9.4 ii 22.5 i9.6 ~ 22.9 
4 19.1 21.6 13 0.0 O.G 17. 9 12 22.1 19.6 0.0 
5 22.0 21.3 14 0.O 4-3 0 0.0 13 19.4 17.9 9 27.2 

8.7 9.7 14 39.1 33.6 10 33.9 
6 30.8 31.7 15 16.5 18.6 ~ 4.9 6.4 15 9.1 9.2 11 0.0 
7 40.2 39.9 16 8.9 8.8 5.9 16 9.3 7.4 12 23.7 
8 .  !  : 299 1, 264 2 , ,  1, 9 20.~ 57.5 17 lO.O lO.O 

18.9 18 8.9 6.0 ~, = 18 16.0 14.8 14 
10 22.6 19.1 19 15.O 12.9 18.2 21.5 19 25.9 21.2 15 13.2 11 19.8 19.5 H,L= 17 
12 11.5 12.5 O. 8.1 9.7 1 0.0 6.9 20 17.3 14.5 16 9.3 

0.0 2.2 21 25.2 23.9 17 9.1 
13 8.2 8.4 1 8.1 11.2 38.0 18 21.8 14 16.5 14.6 2 ~.i 9.7 43 ~4.1 22 O.O 3.4 

46.8 52.7 23 16.6 1}.5 15 19.8 21.3 5 16.3 18.6 }2.8 
16 79 9.6 4141177 ~ 54624122 i0.8 ~ 212°° 
17 0.0 5.7 5 21.4 22.g 63.8 66.5 H,L= 4 21 10.4 
18 22.0 22.4 6 0.0 6.8 87 34.7 30.2 0 8.2 5.7 22 8.0 
19 0.0 6.4 7 22.6 25.8 68.4 67.3 1 23.9 31.5 23 6~8 
2o 181 2o6 8 111 133 lO ~ 1L~ 99 2 515 ~5 .~ 

3 7 5 . 7  86.1 io 46.6 21 7.o 5.6 9 i7.4 i7.8 n i5.5 i~i 6 442.7 44.4 i5.7 
22 10.5 9.9 iO 7.G ll.O 12 S.1 
,,I,~ i, l i .  7 ii i8.2 i9.6 i, , 4 . i  29~  69 27.9°'° 26.o7"° ~ i2.5i°'° 
o o.o i2 i7.6 18.2 14 28.o 24.3 7 27. ,  28.7 ~ 34.6 
i 24.7 26.2 i3  i3 .7  16.4 15 ~ 6.2 8 3 i .3  3o.i i3 .1  
z 22.4 23.3 i4 il.5 io.9 i6 i~ iG.5 9 i6.5 i4.3 34.8 
3 30.1 28.1 15 0.0 5.7 l? O.O i.6 lO 19.O 16.2 ?6 21.2 

lo.7 i i . 5  i6 o.o 4.o i8 57.2 3i .2 i l  27.0 26.7 98 29.8 
23.0 25.0 l? 18.3 15.1 lg 24.1 21.1 12 24.0 19.9 17.0 

6 15.5 15.9 18 5.0 16.7 20 0.0 7.4 13 19.6 17.2 10 19.5 
22.2 22.9 H,L= 18 21 0.O i.8 14 3i.3 26.1 11 40.1 

8 11.2 12.1 0 8.0 J2.i 22 i5.5 16.3 15 9.2 9.7 12 30.3 
10 ~ ~7 4~0 i o o 45 23 o0 6 16 13 185 30.2 4 . 9  15.9 15.4 24 7.4 ~ 32.3 26.9 • 17 21.1 16.2 11 16.3 1~: ' ?-9 i1.9 25 14.0 2.6 18 22.9 14 
12 i6.4 ~,.~: 7 7 i 26.9i8"4 i7 .2  i516 2o.69"3 13 20.0 19.9 5 :~ l~:~ H,L= 1 19 25.8 

0 10.1 11.6 20 0.0 5.2 17 9.0 
14 0.0 5.4 ?6 13.4 14.2 18.5 26.4 21 8.0 i0.3 18 0.0 
15 7.9 9.9 10.8 8.7 1 19.9 25.3 22 12.8 13.2 19 8.2 
16 0.0 4.4 8 18.4 IB.5 4~ I~.6 18.9 23 ll.~ 9.9 20 0.0 
i !  25.5 21.0 7.3 i0.8 17.4 2o.2 24 0.0 2.2 21 8.6 

0.0 6.0 10 14.3 15.0 27.5 
13.7 i1.1 li 0.o 3.9 65 29.1 ~,L= 5 2 22 i~ 20.6 20.4 0 46.6 54.2 23 ~ el 

K Fo Fc K Fo Fc K Fo Fc K .% Fc K Fo 

22 0 . 0  2 . 1  
2~ 5.~ 6.9 2~ 0.0 3.5 12 1 ~I,.0 5.4 

%o 428 2 4 4 . °  3.6 . ~ o  15.o 141' 18.8~:115.91':~ ~ 21.972"5 69.7'1"4 ; 
2 5 1 1 . 2  ~2.3 0.o ~ . 7 1 5  0.0 2.4 lO ~ 17.9 ~ 2~.345"3 
H,Lt i0 
0 42.8 .2 ~ o o ~0 16 5.7 8.4 11 3~:~ 2.9 38.2 ).1 H,L= 19 1 2R.I ~ 235"5.5 
i 3o.5 33.8 12 24.5 2' .3 ~.o 
2 28.1 24.6 4 T M  '.6 0 13.2 12.~ 1320 .91~ .7  87 

27.2  3 53.0 52.8 7.9 = l 0.0 4 o.0 8.7 ~ 11.2 : 0.o ~" 14 2~.o 21. 1~ 18.2 1,.A lo9 27.5 39.3 8~8 21.1 5 28,o 30.1 7 1 4 . o  i~ 2~:~ 1~ 18.5 17.? 
6 24.3 2,.7 8 35.5 8 ~ O.O 23.6 17 16.2 16.8 11 2,.9 

40.4 42.3 i~ 5.7 18 i~.I 11.8 12 8.6 
14.2 11.1 10 9 31.7 13 17.8 16.4 8 6 10.3 12., 19 9.1 11.O 

9 242 224 11 216 :2 ~ o o 1~:~ 2o 17~ 178 14 258 
21 16.6 14.9 lO 31.8 Jo.7 12 8.1 [~ 17.1 12.o 15 9.3 

11 27.8 25.9 13 0.0 lO 9 9.5 8.5 22 10.9 16 2t,.? o 17 13.1 
12 26.1 26.7 14 15.6 ~i 9 l l  '2~ 9~? 23 0.0 i! 
13 o.o 4.7 15 10.8 12 10.1 24 16.5 1~ ~8 ,,.'.9 58.6 

13 l l .4  ll.2 li,L= 2 2 " 20 11.9 z4 8.1111"2.116 lO.3 ~ 9.8 25 o.o 
15 14.2 2~.8 17 6.9 14 8.4 21 7.8 

H,L= 2O 1 36.? 5o.0 22 o.o 
16 28.3 18 7.9 :~ 17.8 o 5o.4 75.o 

23 0.0 ,~ 16.115.o  1 9 1 2 . 5  0 0 . 0  ~:~ 2 2 1 . 6 2 4 . 9  
7.8 7.? 20 ll.l 11.4 l 0.0 3 24.2 29.2 24 5~1 

19 0,0 5.6 H,L= 15 2 7.0 5.3 R~L= 
20 0.0 3.3 0 27.8 31.7 3 19.8 20.4 ~ 15.7 16.9 25.3 25.4 8.4 21 o o 25 i 8o 135 411~ 155 62662,2 ~ ~ 
22 O.O 5.4 2 O.O 4.3 5 11.8 13.5 17.3 16.1 
23 6.4 8.4 3 0.0 3.6 6 9.4 Io.5 ~ 6.5 .5 ~ 51.9 
24 8.9 19.2 4 8.1 11.8 7 17.1 IS.5 5808 22.3 
H.L= l l  5 O.O 8.2 8 10.8 12.5 19 55.7 
o 924 9o~ ~ 294 3o3 9 85 lO2 11 ~:~ 54:~89 ~ U  
1 29.0 31.? 11.5 13.8 lO 8.0 7.7 12 18.4 17.5 ~ 24.1 
2 0.0 4.8 8 16.4 20.6 II 13.0 11.2 13 34.4 30.8 25.2 
3 l l . 7  ll.4 2~.6 4 4 o . o  4 3 . 1 1 0 9 2 ~ : ~  10.528"4 ,,,12 214"817.6 1~1421.89.1 12.418'4 109 . 
5 3 1 . 2  ~,2.5 11 1 1 . 4 1 5 . 7  o o.o 7.7 1 6 3 0 . 8 2 6 . 3  ill o.o 
6 24.6 26.8 12 7.9 9.9 1 15.6 17.o 17 28.0 26.5 8.8 
7 14.5 16.2 13 o.0 13 27.1 8 72.4 72.4 14 19.9 2o3~ 2 o.o 1.6 18 13.1 I0.9 

3 0.0 2.8 19 20.3 18.4 14 9.2 
9 10.7 11.8 15 7.2 10.2 4 15.7 15.3 20 0.0 2.8 15 13.2 

10 17.3 I~°.~ 16 15.3 16.7 5 12.0 12.5 21 O.0 7.5 16 9.3 
ii O.O 1.6 17 O.0 1.6 6 ~.2 7.5 22 13.2 12.5 17 20.7 
12 18.0 16.2 18 16.1 13.7 7 15.7 11.3 23 1".9 14.3 18 9.0 

O.O 13 27.o 26.8 19 6.4 5.8 814.6 12.1 2~ 14.5 ~316 19 8.2 
14 23.2 27.2 20 7.6 7.5 9 I?.4 15.2 25 9.5 
15 20.0 20.0 H~L= 16 12. 5 i0 0.0 2.6 I{,L= 3 21 7.6 
16 19.8 20.1 0.0 11 5.0 17.6 0 62.1 71.8 22 9.8 
17 0.0 1.9 1 0.0 4.1 H,L= 22 1 52.3 66.2 23 12.7 
i8 7.6 i i . 5  ~ i6.3 i8.5 ~ 24 5.7 
19 0.0 2.2 16.3 17.6 0 0.0 0.8 49.4 62.3 

O.0 3.7 12.5 14.0 31,1,= 7 20 O.0 7.6 11.6 ~ 15.9 
21 o.o }.2 ~ 25.927.5ii'4 i4.76.3 i4.37.6 ~ 8.87.8 8.78"9 i 9 4 3 . 2  
22 i6.7 16.8 76 8.1 9.6 76 g 38.8 23 o.o 4.1 li.5 12.3 5 ~ 6.3 5.7 25.8 30.4 

6.1 7.1 27.6 25.8 9-5 
II,L=12 1 89 8.0 i0.1 6 21.8 19.1 9825.3 "i9.2 ~ 9.7 
0 12.2 10.2 8.0 9-5 0.0 6.2 19.0 15.3 25.7 
1 33.1 35.9 i0 37.3 38.5 8 14.9 13.2 10 15.1 12.6 6 31.3 

F? K Fo F? g Fo We X Fo F? 

. , o . , o ,  o.o i . ,  o.o , . ,  44.2 0 28.1 .8 16.1 1 
~2.8 1 1 5 . 1 1 4 . 8  9.3 "~ lO lo%' i t ;  
25.8 2 0.0 7.1 9 0.0 Z[7 n 28.4 23.2 
354 ~ 278 25.7 lO o.0 3.1 12 ~5.2 ~ . 1  
30.4 45.7 46.0 I i  2 .1 25.6 
4~.0 ~ 19.6 19.8 12 I~.1 ,,,-19 15.3 0 15.4 16 . 1  
2.%4 32.7 34.0 15 8.8 8.0 I ?.6 6.8 C~:~ ~ 33.5 ~ . 3  14 8.5 90  ~ 1~.8 1oo 

29.7 29.2 15 23.2 21.1 7.5 6.9 
,"2.2 o 21.5 17.1 16 O.O 6.0 14.9 16.2 
7.7 16 20.0 14.4 17 lO.2 1o.9 ~ 0.0 4.5 

6 22.1 1~.~ 11 , o . ,  25.7 18 8.0 7.~ 2 ~  
23.6 12 30.7 30.4 19 7.0 3.7 8.6 
29:~ 1, 2,~9 19.6 . . . . .  4 , ~ 19.7 15.4 

14 9 . '  7.4 0 16.1 16.2 I } .2 8.4 
11.8 15 16.0 15.9 40.2 16 9.1 9.5 I 0.0 6.0 I0 12., 9.2 

24.6 26.6 11 15.7 12,2 
38.5 17 8.8 7.6 3 0.0 4.2 12 0.0 
13.9 18 119 12.8 ~ 26.4 217  15 3 3  ~o~:~ 
8.8 19 15.9 15.2 16.2 14.1 H,L= 20 
51  20 7 3  ? ,  ~ 9 ,  7.2 ~ 144 ; :~  
1.6 21 11.4 9.0 16.I 15.3 14.4 
6.6 22 6.9 4.4 8 1 6 . 1  13.4 ~ 8.2 6.7 

H,L= io 2 o.o 8.0 o.o 3.0 
~9.4 0 17.9 17.i iO O.O 6.3 4 O.O 1.7 
37.8 1 16.O 11.6 11 15.5 15.6 17.2 
49.6 2 14.O 10.8 12 17.4 16.5 65 9.4 lO5 ~ 
~2 43 i6.~ 11813 o o 26 717.21~ 
20.9 24. 23.6 14 11.4 9.8 8 l&.7 
261340221 ~ 252 320 ~8~ 1615 2O,oo 19o 57..~:9 17821 ~ k°~ 

~ 152 0 118 06 22.6 ~ 53.7 17.3 
15.3 13~6 14.1 9.8 1 6.8 8.6 

29.5 19 49.5 44-7 19 8.0 6.I 2 6.7 3-7 
7.9 0.0 8.6 H,L: 15 2 3 11.3 6.4 
9.3 11 27.8 26.3 O O.O 2.0 4 6.3 8.3 
7.9 12 0.0 1 . ,  11. 5 0.0 

240 15 9.3 ~:~ 2 1~ 17~ 7.2 • ? .~ 168~ 32.1 i0.7 14 24.5 21.9 3 22.8 25.4 H, : 
1 6 . 7 1 5  9.1 6.6 ~ 9-5 8.9 ~ 0.0 0.7 
118 16 12.5 11.4 186 17.4 7.2 6.5 
17.9 17 17.1 16.4 76 261 25.6 ~ . . . . .  8 
8.3 18 16.2 13.6 9.i 10.2 10.2 16.2 
5-3 19 13.1 13.7 8 9.0 8.2 13.2 13.5 
9-4 20 II.9 10.6 25.7 19.7 6 16.1 16.7 
6.0 21 10.5 10.9 iO 23.2 19.6 7 20.6 25.4 
8.2 22 10.4 29.6 11 0.0 5.7 13.5 18.3 
10.5 H,L= II 12 8.2 6.9 19 29.0 35.5 
25.8 0 14.6 9.2 I, 7.9 6., 12.9 10.2 

1 i i .9  12.7 14 10.6 10.2 11 0.0 2.9 
16.5 ~ 26.9 25.2 15 7.0 5.0 12 16.7 12.0 
42.3 8.5 8.8 16 17.5 I~.O 13 17.O 18.1 
39.2 4 0.0 2.9 17 15.5 11.8 14 O.O 6.6 
8.1 8.7 7.8 18 9.7 7-~ 15 0.O 4.2 
8.6 6 26.6 22.9 X,L= 16 2 16 O.O 10.4 
25.~ 33.7 31.O O O.0 2.2 17 18.5 23.3 
31. 8 44.7 43.4 1 18.4 19.5 18 0.0 7.5 
193 109 261 24.0 ~ 13o 15.8 ~ o o ~7 
4.3 0.0 1.6 9.1 8.9 7.3 10.~ 

25.2 Ii 26.4 21.3 ~ 15.8 12.1 
50.3 . . . .  9 1 8 . 5  1 8 . 1 1 7 . 1  ~ 1 1 0 5 : 8 1 8 . 4  11.1 6.7 13 18.5 17.0 ~ 26.9 22.~ ~,L= 1 
19.7 14 15.8 14.3 0.0 6.7 0 0.0 .~ 
14.4 15 0.O 3.6 17.4 17.7 i O.O 9.4 
18.7 16 19.2 17.3 8.5 9.3 
15.1 17 16.4 16.6 109 2 O.O 1.8 O.O 2.2 3 12.9 16.7 
10.5 18 7.7 6.6 n o.o 7.6 ~ 10.4 15.4 

9319 8.6 5 . 9 1 2  0.0 7.1 1 6 . 3 1 9 . 0  
14i 6 20 13.4 l l . 1  13 15.4 12.9 76 26.3 27.6 

21 ii.3 28.5 14 8.2 7-9 22.2 27.2 
18.1 H,L= 12 15 7.5 7.4 8 11.8 8.I 
lO.7 6.1 o o.o 1.9 16 9.4 8.3 l° 9 19.6 ~o5 

36.4 ~.7 17 5.2 5.9 9.1 6.7 
25.7 ~ 8.8 8.4 H,L= 17 II 

17.8 16.7 0 12.6 22.1 12 0.0 6.0 0.0 8.9 
~ . 7  ~ 12. 12.5 12.8 12.~ 13.6 ~ lo .6  13 o.o 7.6 

12.7 0.0 2.7 14 O.O 8.3 
ii.0 15.8 7.9 6 12.7 17. 

12.8 16.8 16 16.5 14.3 
13.o ~ 17.~ 15.1 15 9.7 lO.1 

37.0 89 22.7 18.1 9.3 40.7 344  ~ ~:~ 3.6 17 9.2 7.4 9.6 18 ]5.1 15.3 
30.3 i016.214.7 ~ 1 4 . 5 1 2 . 3 1 9  ~.l 10.9 
19.5 11 z3.2 11.6 8 . 1 1 1 . 6  15.5 13.9 
27.5 12 0.0 23.8 22.8 

20.5 14 21.8 . 11 14.6 14.8 %L= 9~L 
35.4 15 12.1 11.5 12 16.9 12.0 7-7 13,5 
30.7 16 11.6 13 0.0 3.0 
i?.1 17 7.7 ~:~ 6.8 14 lO.O 6.3 1 0.0 0.0 2.? 
15.5 18 10.1 10.6 15. 8.? 26.4 3 11,5 12,9 
10.9 19 H)L= 18 25.4 35.9 1~6 2o ~:~ 4.6 3.6 0 16.8 17.8 ~ 6.9 4.? 
10,9 H.im 13 2 1 8.3 10.3 6 lo,5 8.7 
8.1 0 30.3 28.8 2 0.0 5.2 25.~ 36.3 

14.6 12.3 7.5 i 35.4 2.0 15.8 13~ "9 3 8.2 6.7 
• 5 4 21,7 1~.0 9 17.7 19.7 

73 ~1~:~ ~:o ~ ~ 1611~ 10 16o166 
O.O • 11 13.4 15.8 

~ ~ 0.0 1.2 713.31431219.416.3 

T a b l e  2 (cont.) 
K go l~c K go Fc K Yo FC K Fo gc K FO 

13 9.8 1o.3 14 0.0 0.9 43 9.8 12.0 17 12.4 9.1 o o o o 
15 i~.8 11.9 9.8 9.? ~ 0.0 15.3 16 0.0 9.1 ~ 21.7 19 14.0 ~:01 II 29.6 31.5 20 4 o. o 12 o.o 17 12.9 12.4 4.7 18 15.0 16.5 ~ 14.7 14.1 H6L= 5 19.2 12.5 lO.3 o o 6 ~1 13 o.o 61 ]4 13.4 11.2 19 13.9 15.4 o 9 20.5 19.3 ~ 27.1 27.1 15 o.o 7.2 
20 O.O 5.7 1 16.4 16.O 15.8 19.i 16 O.0 ii.I 
21 0.O 5.0 Ii O.O 1.6 43 11.4 14.1 17 8.2 9.8 
22 8.7 8.7 12 13.8 ii.i 35.3 40.9 18 16.1 13.7 
H,L= 3 3 13 19.7 16.7 25.7 29.5 19 16.4 16.4 
o , , ,  l ,  o.o i !  . . . . . .  , ,  
1 0.O 4.2 15 13.6 I ~ 18.2 H,L= 8 
2 13.2 19.7 16 0.0 87 O.0 18.3 

21. 3 1 2 . 6 1 3 . 2 1 7  8 8~3 0.0 7.6 0 15.3 l l .~  
4 21.5 3 3 . 2 1 8 1 ~  lO 9 6.3 1 s .9  19.7 19.4 20.1 2 8. 11.3 
5 20.6 2'.4 19 13.4 13.4 Ii 17.O 19.0 3 12.~ 12.5 
6 13.4 18.7 20 14.5 15.2 12 17.1 14.6 4 15.9 18.2 
7 14.2 12.9 H,L= 5 3 13 0.0 6.4 26.4 

14.9 16.7 O 15.9 23.4 14 O.0 8.4 65 29.9 25.0 27.6 
109 9.0 7.6 1 14.3 16.0 15 21.0 23.5 7 21.5 24.5 

9.3 9.6 2 38.7 54.2 16 9.0 9.1 98 9.7 9.4 11 23.5 26.4 3 32.8 38.5 17 
12 13.8 13.5 4 17.5 19.4 182 ~ 7.6 27.8 50. 3 21.9 IO 22.0 22.2 
i) 9.8 6.8 65 19.9 23.8 19 O.O 6.5 ii O.O 2.3 
14 0.O 1.5 20.7 27.2 20 10.5 10.I 12 16.9 15.2 
15 9-7 9-5 7 8.7 10.9 H.i= 7 30. 3 i, 16.6 17.1 
16 16.4 15.1 0.O 6.6 0 0.o 14 0.O 5.7 
17 O.O 5-3 09 9.3 11.3 1 16.8 18.7 15 O.0 7.0 
18 0.0 5.0 1 16.6 19.5 2 14.6 20.3 16 0.0 5.6 
19 13.7 16.2 I I  9-7 9.0 
20 0.0 9.1 12 0.0 6.5 43 ~4-3 30.6 17 13.6 15., 
H,L= 4 13 13.9 15.6 29.1 3,5.5 18 0,O 1.6 
0 0.0 34.1 14 16.9 13.7 65 22.0 22.7 19 10.6 39. 7 
1 24.9 32.3 15 0.0 16~ ~ 18.3 18.1 H,L: 9 

16.2 16.9 O 9.3 10.6 
2 18.7 23.4 16 18.4 16.5 18.1 i 0.0 7.3 

Fc K Fo Fc 

0.8 18 ~ 33.5 14., It,L= ~i 9 
8.I 0 0.0 7.1 
17.3 i O.O 7.0 

~ 25.6 20.9 0.0 5. 89 13.8 16.2 ~ 17.O 14.6 
,11319 4 98 a 

1° ~ 139 142 ~ o0 51 
9.8 7.5 o o 2.9 

ii O.O 4.4 7 15.9 6.6 
12 ~6 12.4 89 9.7 4-9 
13 i ~ 17.8 9.6 11.5 
14 O.0 3.6 10 21.2 21.1 
15 O.0 1.8 ii 16.1 8.3 
16 14.O 14.4 12 12.7 
17 7 . .  7 . 0 1 3  8.6 ~:~ 
18 8.0 35.5 14 8.1 lO.5 
H.L= i0 15 10.7 10.4 

O.O &.2 16 8.4 6-9 
o o 6.7 17 7-3 6.3 

2 0.0 6.7 H,L= 12 3 
3 0.O 6.1 19.7 21.2 o 

16.8 13.1 z 15.9 IQ.R 
~. .8oo 1~:~ 2 o.o 4.1 

3 13.9 12.1 
26.1 27.0 1.7 
159 156 ~ ~:~ 6.9 

o9 17.o 18.2 76 9.7 11.9 
I 0.0 5-2 0.0 9.1 
ii 0.0 2.7 8 0.0 11.0 
12 18.7 18.8 9 0.O 8.8 
13 O.O 11.3 i0 O.O 2.9 
14 0.0 6.5 Ii 0.0 10.2 
15 11.5 11.8 12 12.1 i~.6 
16 0.0 4.0 13 14.O II.3 
17 14.4 10.4 14 I0.7 12.4 

K Fo Fc E Fo Yc 
15 o.n t , .8  ~ . L .  1~, ", 
16 14.7 13.2 0 15.7 16./~ 

~6 ~= g.3 7 37. 2 ~ ~:~ ~.7 7.1 
12 1,.8 IO.3 3 17.9 19.7 

16.8 14.5 8.8 ii. 
3 O.O 7.2 5 O.O 2.~ 

0.0 5.6 8.5 7.8 
9.6 8.8 t II.7 

6 16.4 16., 8 11.3 ~'~ 
0.o 2.4 0.0 1.4 9 
15.9 11.1 lu 12.6 11.3 

9 12.7 12.2 I I  I~.5 13.9 
]O 15.1 14.9 H.L= 16 33. 9 
II O.O 4-4 O O.O 
12 11.2 9-' 1 O.O 8.3 
i, 7.4 7.8 .... ,, 
14 14.4 11.5 3 16.5 1~6[ 
15 lo.2 ~o.2 4 16., I~. I 
H.L= 14 ~ 7-9 . 
O 13.4 10.9 6 ii.o 11.1 
2 16.4 17.0 5.0 O.O 

18.9 18.4 o 12.4 7.0 
3 O.O ~:~ 9 11.6 7.4 

9.3 H,L= 17 
6 13.o 9.5 o o.o 35.7 

0.0 4.7 I 13.1 13.3 
0.0 10.3 g 13.0 12.5 
0.0 2.1 9.0 8.5 
o.o 7.o 4 o.o 4.1 

i0 14.0 11.8 5 12.1 9.0 
ii 10.8 i0.8 6 16.5 15.2 
12 o.o 4.4 I o.o ~:~ 
13 0.0 5.2 10.2 
14 12.0 10.9 
15 8.7 8.0 
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ethane, they were very labile and not suitable for X-ray 
analysis. 

Analysis. Calc. for C16H1606N2Ni: C 49.2, H 4.13, 
N 7"17, Ni 15"0%. Found" C 49-2, H 4.31, N 7"18, 
Ni 15.5%. 

The lattice constants of the orthorhombic unit cell 
were determined from oscillation and zero-level Weis- 
senberg photographs about three crystallographic axes 
with Cu Kc~ (2= 1.5418/~) radiation" 

a =  18.63 +0.02, b=21.64 +0.02 and c=3.84+0.01  A .  

The cell contains four molecules; the observed den- 
sity is 1.68 g.cm -3, calculated 1.65 g.cm -3. Systematic 
absences of h00 for h odd, 0k0 for k odd, and 00l for 
l odd indicate the space group to be P2~2~2~. Linear 
absorption coefficient for Cu Kc~ radiation" #=22 .8  
cm -~. Total number of electrons per unit cell" F(000)= 
808. 

The dimensions of the specimen used for collecting 
the intensity data were 0.2 x 0.1 x 0.3 mm. Equi-incli- 
nation Weissenberg photographs, hkO-hk3, hOl-h2l, 
and Okl, were taken on a Nonius integrating Weissen- 
berg camera with Cu Kc~ radiation, using the multiple 
film technique. Intensities were estimated visually with 
a calibrated scale. The number of the examined unique 
reflexions was 1798, which contains 401 reflexions of 

C(11) 
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Fig. ]. Bond lengths, and their standard deviations in paren- 
theses ( x  l O00). 

zero intensity. The range of measured intensities was 
1 to 5400. Corrections were applied for Lorentz and 
polarization factors, but not for absorption and extinc- 
tion. 

Structure determination 

Since the short c axis suggested that the molecules were 
planar and packed parallel to (001), the analysis was 
started with the c axis projection, using hkO reflexion 
data. The structure was solved by the usual heavy atom 
method. Two-dimensional Patterson synthesis showed 
that the nickel atom was located at the position with 
x--0.114, y=0.134.  The x, y, coordinates and isotropic 
temperature factors of all atoms were determined 
through three cycles of Fourier and four cycles of 
Fo- Fe synthesis (R = 0.15). Three-dimensional Patter- 
son synthesis was then carried out. It was, however, 
difficult to estimate the precise z coordinate of the 
nickel atom from the sections P(½, v, w), P(u,½, w), and 
P(u,v,{-) because of the short c axis and proximity of 
the nickel atom position to z=¼. Therefore, the value 
z = 4  x was assumed for the first three-dimensional 
Fourier synthesis, in which the phases used were those 
determined by the nickel atom only. 

To estimate the z coordinates of all light atoms, the 
Fourier map and the Patterson function were carefully 
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Fig.2. Bond angles. Mean value of standard deviations is 0.9 °. 
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compared with the (001) projection of the structure. 
Using the estimated values of z coordinates and the 
other parameters determined by the (001) projection, 
the second Fourier synthesis was calculated. At this 
stage, the R value was not satisfactorily low because 
of the inaccurate initial value of the z parameter of 
the nickel atom. Therefore, all the positional and iso- 
tropic thermal parameters were refined through further 
four cycles of Fo- Fc synthesis (R = 0.19). 

Further refinement was carried out by a block diag- 
onal least-squares method with anisotropic tempera- 
ture factors for the nickel atom only. The weighting 
scheme was: 

l /w=0 for Fo< 1.8, Vw= 1lEo for Fo>_ 1.8. 

The final R value was 0.166 (0.103 for observed reflex- 
ions). The final positional and thermal parameters with 
their standard deviations are listed in Table 1. Maximum 
shifts of positional and thermal parameters during the 
final cycle were about a third of the standard deviations. 

The atomic scattering factors used were those of 
Thomas & Umeda (1957) for nickel and those of Berg- 
huis, Haanappel, Potters, Loopstra, McGillavry & 
Veenendaal (1955) for carbon, nitrogen and oxygen. 

Most of the calculations were carried out on 
OKITAC 5090H with programs written by I.Ueda 
(Kyushu University) and least-squares calculation on 

HITAC 5020 with a program by T.Ashida (Osaka 
University). At the initial stage of the analysis, the 
IBM 7074 computer was also used. 

Description of the structure 

The interatomic distances and the bond angles calcu- 
lated on the basis of the parameters obtained are shown 
in Figs. 1 and 2. 

It is shown that the complex has a chelate structure 
with a square planar configuration. Four ligand atoms 
are exactly coplanar with the nickel atom, none of 
these atoms deviating more than 0.005 A from the 
mean plane. The Ni-O distances 1.82 and 1.85 A and 
the Ni-N distances 1.83 and 1.84/k agree well with 
the following distances reported for some diamagnetic 
nickel(II) complexes: Ni-O 1.84 and Ni-N 1.84/~ in 
bis(salicylaldiminato)nickel(II) (Stewart & Lingafelter, 
1959) and Ni-O 1.80 and Ni-N 1.90 A in bis-(N-methyl- 
salicylaldiminato)nickel(II) (Frasson, Panattoni & Sac- 
coni, 1959). However, they are much shorter than the 
Ni-O distance 2.02/~ found in diaquobis(salicylalde- 
hydato)nickel(II), in which the nickel atom has an 
octahedral coordination configuration (Stewart, Linga- 
felter & Breazeale, 1961). There are no other ligand 
atoms bonded to the nickel atom in the direction per- 
pendicular to the plane of the square, so that the elec- 
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Fig. 3. Arrangement of molecules on the projection along the c axis. 
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tronic structure of the nickel atom is considered to be 
of the typical dsp 2 type. 

The C-O bond lengths 1.29 and 1.30 .h and the C-N 
distances 1.31 and 1.34 A in the chelate rings are also 
in good agreement with those of the corresponding 
bonds in the above compounds and rather close to the 
values of 1.23 and 1.28 A respectively for isolated 
double bonds. Most of the bond lengths of six-mem- 
bered rings of the DHA imide residues are close to 
those of benzenoid rings except the C(3)-C(5) and 
C(4)-C(6) distances, 1.32 and 1.33 A, which show al- 
most an isolated double-bond character. The lengths 
of C(9)-C(13) and C(10)-C(14) bonds, which are mem- 
bers of both the chelate rings and CH3CNH-groups, 
1.43 and 1.41 A, are also close to those of benzenoid 
C-C bonds. 

The deviations of some atoms from the mean plane 
of the molecule were found to be appreciable. The 
least-squares plane of the six-membered ring of a DHA 
imide residue is given by the following equation: 

O.lO00X+O.O440 Y+O.2764Z= 1, 

where X, Y and Z are coordinates expressed in A. The 
deviations of the atoms from this plane are C(1) 0.003, 
C(3) 0.012, C(5) -0.008, 0(3) -0.020, C(7)0.039, 
C(9) -0.029, C(l l)  -0.020, C(13) -0.067, C(15) 
-0-140, 0(5) 0.052, N(1) -0-143, O(1) 0.053 A. 

A similar examination was carried out for another 
plane through the atoms C(1), C(3), C(5), C(11) and 
O(3), because it is expected from the isolated double- 
bond character of the C(3)-C(5) bond that these five 
atoms will be exactly coplanar. The equation is 

0.0997X+ 0.0468 Y+ 0.2722Z= 1. 

The deviations are C(1) -0.006, C(3) 0.010, C(5) 
-0.001, C(l l)  -0.005, 0(3)0.003, O(1)0.009, C(7) 
0.060, 0(5)0.084, C(9) -0.027, C(13) -0.067, C(15) 
-0.380, N(1) -0.093 ./~. 

The above analysis shows that out-of-plane distor- 
tions occur in the DHA imide residue. It is noticeable 
that the CH3CNH group departs from either plane 
above mentioned and that 0(5) deviates to the oppo- 
site side. Similar distortions are also found in the other 
residue. 

All the contact distances between the molecules ap- 
pear to be reasonable (Fig. 3). The shortest Ni-Ni dis- 
tance, 3.84 A, is a little longer than the lengths of the 
intermolecular metal-metal bonds found in some 
nickel(II) chelate compounds such as dimethylglyoxime 
(Banks & Barnum, 1958). 

The author wishes to express his sincere thanks to 
Prof. S. Iguchi for his continued guidance and encour- 
agement. He is also grateful to Prof. I. Ueda and Mr 
S.Kawano for their kind guidance regarding X-ray 
diffraction technique. He is indebted to the Yawata 
Iron and Steel Co., Ltd. for facilities for computation 
on the IBM 7074 computer. 
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