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AN ANTITUMOR AGENT, 2-(3,3-DIMETHYL-1-TRIAZENO)PHENYL-1-CARBOXAMIDE* 

By Steven L. Edwards, Gervais Chapuis, David H. Templeton 

and Allan Za1kin 

Materials and Molecular Research Division 
Lawrence Berkeley Laboratory 

and 

Department of Chem·j stry 
University of California 

Berkeley, California 94720, U.S.A. 

(Received ) 

Abstract. C9H120N4, monoclinic, P21/c, a = 9.444 (5), b = 7.085 (4), 

c =16.005 (7) t B = 108.08 (4)°, Z. = 4, D = 1.257 (1), D = 1.25 , x m 
(1) g cm- 3, at 23°C. Its structure is similar to that of C6H11 0N6, 

a related antitumor agent reported earlier, both having an internal 

hydrogen bond. 

* Work done in part with support, from the U.S. Energy Research and 
Development Administration. 



- .~ 

Introduction. The sample was provided by Dr. Corwin Hansch of Pomona 

College. 
, .' ~ ~'. c_; ~',.;~~.: "'~':<:' '~'~,ri~i: :.:.!:,~:! .;' ' •. 

Two distinct crystalline forms grew from the pure sample' " 
1· .. f~ ,~,". " .. >... ".It)" .• : 'J,:<{::"i', ."'" ", ";"" . " ,.-

dissolved in toluene. The predominant form, which was orthorhombic, ' 
• ..i r.I "', ::',', ,'" .':.-<> .. -:~ ro.,. '.' ~;":'.:'~~ 

appeared to include a molecule of toluene in theasyinmetric unit 
",;' , ~"":, .,~.C.'" (.,' .~. :;(.!:'~>';~~";.}~"~; .~"4 '1:" ( 

according to its density, cell volume and mass spectroscopic information. 

Investigation of the other (~ono~'l i~:i2) form suggested ,that"it:' d'i;d"'n~:t 
'., , ~,' -".... ...., , 

includ~ the solvent molecule, and it was used for the structure 

determination. 
_, i"' 

Photographic x-ray ,diffraction data revealed sy~tem~tic abse~c~s~ 
hOl, lnn and aka, kr2~: indicating the spaceg~9up'as' P2~/~.:'AS'i'~~1"~ 

;. .,' 

crystal, .07 x .08 x .21 mm in size, was mounted on a full circle Picker 

Nuclear FACS-I automated diffractometer. Data were c011ected in the 

hemisphere with k non-negative, and sin 8/"A< 0.54, using MoKa '(\ ,;" 
, ~ 

0.70926 a for al ),and the 8-28 scan tech'nique. The data were averaged 
. . " ' 

• ", ' ,-I ," 

to give 1339 independent reflections of which 108 were recorded as zero. 

The absorption parameter, 1-1,' is 0.S3 c~-l which :'~as considered small 

enough to be ignored. The intensity decay of three regularly monitored 

reflections was less than 2% during the experiment, and no correction 

was made for this effect. 

The crystal structure was sol ved both by interpretation of the, 

Patterson function and using the MULTAN program (Germaini Main & 

Woolfson, 1971), with essentially the same result. 

Aftetpreliminary refinement of 'the' h~avy'atoms, eleven of the: " 
J , ", 

hydrogen atoms were found on a difference Fourier map. The position 

of the remaining hydrogen atom was calculated. Tentative refinement 

of the hydrogen parameters was unsatisfactory. The two amide hydrogen 
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atoms were then constrained to the positions found in the Fourier maps, 

. while the others were held at positions calculated for C-H = 0.97 A. 
The methyl hydrogens were constrained to tetrahedral geometry, rotated 

for greatest overlap with the electron density map .. An overall isotropic 

temperature parameter for all hydrogen atoms was refined to a value of 

B = 9.4 (7) A2. For the non-hydrogen atoms, the positional and 

anisotropic thermal parameters were refined. When refinement was 

concluded the shift of no parameter was more than 3% of the corresponding 

standard deviation. Weights were derived fr~m 02(F2) = s2 + (pF2)2, 

where s2 is the v~ri~nce according to counting statistics and p = 0.05 

was chosen to equalize <W(~F)2> for strong and weak reflections. The 

final residual Rw = (EW(~F)2/EWF~) 1/2 was 0.053 using 563 reflections with 
2 . 

__ ~_~_ >20. The unweighted residual R = EI~FI/EIFol was 0.059 for the same 

data. For all the data R was 0.166. The refinement was calculated by 

our full-matrix least-squares program using the atomic scattering factors 

of Doyle and .Turner (1968) with anomalous scattering correction of 

Cromer and Liberman (1970) for neutral carbon, nitrogen and oxygen and 

those of Stewart, Davidson and Simpson (1965) for spherical hydrogen. 

* Final parameters are given in Table 1 and 2. 

* A list of structure factors has been deposited with the British 
Library Lending Division. 
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Oi scussion. Thi s study was done to determine the structural simil arity 
, '. - " ,;:r' !," .'. f:·\:" :-\' ,,': 

between 2-{3,3-dimethyl-l-triazeno)phenyl-l-carboxamide (OTPC) and 
. , , ; ! ;:<c\'~. 1. _-,"1. '\ ..• '" r ,JI::'t" .' .; 

5- (3, 3-dimethyl-l-tri azeno) imidazo 1 e-4-carboxami de (OTIC, "E~wards, . 
. . ~, ~-

~. I ,.; .'.< 

Sherfinski and Marsh, 1974). Both of these compounds belong to a class 

of related antitumor agents currently being studied for potency and 

effectiveness. 

DTPC DTIC cation 

The OTPC molecule (Fig. 1) is approximately planar due in part to 

bond conjugation through the phenyl ring and triazene group. The 

carboxamide group is held coplanar by the internal hydrogen bond, 
o 

N-H ... N, with N-N = 2.71 (l) A. 

There is great similarity between OTPC and OTIC which can be seen 

from a comparison of bond lengths given in Table 3. An important 

similarity between the two structures is the internal hydrogen bond. 

In OTIC, the N-N distance of this hydrogen bond is 2.97 ~, While in 

OTPC the more favorable bond angles in the phenyl ring allow N-N = 2.71t 

The existence of this internal hydrogen bond lends c~edence to the 

mechanism of deactivation ofbis{chloroethyl)triazenoimidazolecarboxamide 

proposed earlier by Edwards, Sherfinski and r~arsh (1974). The internal 

hydrogen bond may be important in explaining the success of similar 

antitumor agents. 
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The second amide hydrogen atom, H(12), provides a hydrogen bond to 

the oxygen atom of a neighboring molecule, with distance N(14)- 0(13) = 
o 

2.91 (l}A. 

We thank Dr. Corwin Hansch for providing this sample. 
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FIGURES 

Figure 1. Molecular structure and numbering scheme for the OTPC 

molecule. 
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Table 1. Positional parameters. 

x y z . 

C (1 ) .2514(8) .350(1) 
I. . 

. 2876(5) 
C(2) .1001 (9) .349 (1) .2478(5) 
C(3) .0414(8) .376{l) .1569(6) 
C(4) .1356 (9) .397(1) .1081 (5) 
C(5) .2897 (7) .400(1) .1467(4) 
C(6) .3475 (7) .380(1 ) .2376(4) 

. N(T) .5054(5) .3871(8) .2778(3) 
N(8) .5403(6) .4115(9) .3611 (4) 
N(9) .6843(6) .4146(8) .4003(3) 
C( 1 0) .7939(7) .392 (1) .3550(5) 
C(11 ) .7303(7) .450(1) .4946(4) 
C(12) .3771 (8) . 432(1) .0839(5) . 
0(13) .31 OO( 5) .4624(8) .0052(3) 
N(14 ) .5255(7) .4269(8) .1135 (3) 
H(1) .295 .334 .351 
H(2) .031 .333 .281 
H(3) -.066 .379 .129 
H(4) .090 .407 .045 
H(5) .803 .510 .327 
H(6) .761 .293 .311 
H(7) .888 .358 .397 
H(8) .643 .458 .514 
H(9) .785 .567 .507 
H(10) .793 .347 .525 
H(ll) .556 .424 .179 
H (12) .578 .418 .078 



... 

B" B22 B33 B12 B13 B23 
0 

C(1) 3.8(4) 7.3(5) 5.4(4) .2(4) 1.5(4) -1.9(4) c 
C(2) 4.5(4) 9.2(6) 7.3(5) .4(4) 2.5(4) -3.2(5) 
C(3) 3.8(4) 6~9(5) 8.2(5) .4(4) .5(4) -2.6(5) 

r" ..... ~' 
C(4) 5.0(4) 3.5(4) 6.1 (4) .6(4) .3(3) -1.0(4) 
C(5) 3.8(4) 4.4(4) 4.5(3) -.4(3) .7(3) .1 (4) 

,J.:.. 

C(6) ,3.6(3) 4.5(4) 4.4(4) 1.0(3) .7(3) -1.0(4) e-

N(?) 4.4(3) 3.9(3) 3.5(3 ) .2(3) 1.2(2) .4(3) c 

N(8) 4.1(3) 4.7(3) 3.9(3) -.3(3) .8(2) . .6(3) 1><" ~ . .""'., 
N(9) 4.0(3) 5.7(4) 3.8(3) .1(3) .3(2) .2(3) I (.9', 

C( 1 0) 4.0(3) 5.7(5) 6.0(4) , .1 (3) 1.6(3) -.0(4) 
\D 
I 

C" 

C(" ) 6.3(4) 7.8(6) 3:8 (3) .1(4 ) -.1(3) .9(4) 

C(12) 5.6(4) 4.2(4) 4.0(4) -.6(4) .3(3) .5(4) 
...0 

0(13) 6.9(3) 9.4(4) 3.9(2) -2.0(3) .0(2) 1.7(3) 

N(l4 ) 5,5(3) 7.7(4) 3.9(3) -.2(3) 1.7(2) -.4(3) 
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Table 3. Bond lengths of OTPC and corresponding values for OTIC (A). 

OTPC OTIC 

C(l) -C(2) l.37 (1) 

C(2) -C(3) 1.40 (1) 

. C(3) -C(4) l. 36 (1) 

C(4) -C(5) 1.39 (1) 

C(5) -C(6) l. 39 (1) . 

C(6) -C(l) 1.40 (1) 

C(6) -N(7) 1.429 (8) l.378 (3) 

N(7) -N(8) 1.281 (7) 1.288(3) 

N(8) -N(9) l. 309 (7) 1. 305 (3) 

N(9) -C(10) l.45 (1) 1.446 (3) 

N(9) -C(ll) l.46 (1) 1.449 (3) 

C(5) -C(12) 1. 50 (1) 1.463 (3) 

C(12)-0(13) 1.24 (1) 1. 226 (3) 

C(12)-N(14) 1. 33 (1) 1. 328 (3) 

N(14)-H(1l ) 1.00 

N(14)-H(12) . 0.87 



'. 

O ·U'.' :. <J 

Table 4. Bond angles (0). 

C(6)-C(1 )~C(2) 

C(1)--C(2)-C(3) 

C(2)--C(3)-C(4) 

C(3)---C(4)-...C(5) 

C(4)~C(5)-C(6) 

C(5)-C(6)-C(1) 

C(5)---C(6)--N(7) 

C(l)--C(6)-N(7) 

C(6)-N(7)-:-N(8) 

N(7)-N(8)-N(9) 

N ( 8 ) - N ( 9 ).-C (l 0 ) 

N(8)-N(9)-C(11 ) 

C(10)-N(9)-C(11 ) 

C(4)-C(5)-C(12) 

C(6)-C(5)-C(12) 

C(5)-C(12)-0(13) 

C(5)-C(12)-N(14) 

0(13)-C(12)-N(14) 

7 0 

-11-

120.1 (7) 

120.1 (7) 

119.5 (7) 

121.7 (7) 

118.6 (6) 

119.9 (6) 

118.9 (6) 

121.3 (6) 

111.7 (5) 

113.3 (5) 

123.8 (5) 

115.6 (5) 

120.6 (5) 

114.9 (6) 

126.5 (6) 

119A (6) 

119.6 (6) 

121.0 (6) 
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OBSERW£D STRJCTURE FAC'~~S, STANDARD DEVIATIONS, AND DIFFERENCES (X &.1' FOR 
C(9)1U12) ON'.' F(o,O,O) = 213S 

F08 AND FeA lRE THE OBSE~VED AND CALCULArED STRUCTURE FaCTORS. 
SG :: EsrI_ATED srANDARO OEfIATION OF FOB. DEL = IFOBI ;. IFeA/. 
• INDICATES ZERO WEI'HT£D DATA. 

li F08 SG D::L It FOB SG DEL H FOB SG DEL Ii FOB SG DEL H F39 SG DEL 
K,La 0, a -8 105 10 2 -9 13 2S 7· -2 225 7 -5 -10 26 31 20· 

1 .... 7 12 -26 -7 '1 5 -7 -8 29 27 8· -1 158 ,. -6 -9 11 21 fa· 
2 117 9 -7 -fa 33 5 1 -7 42 7 2 Ii 158 5 £, -8 129 S -1 -1 65 * 1 -5 0 26 -,. -0 22 32 10· 1 182 5 -1 -7 51 4 4 
It 201 5 -3 -It 26' 7 1 -5 58 5 -9 Z 70 18 -11 -6 18 15 1S· 
J 11 .. 8 15 -3 113 5 5 -4 0 21t -27· 3 75 3 -0 -5 13 2ft 10· • 83 It -5 -2 279 7 -0 -3 103 3 0 ft 319 8 9 -It 19 J 2 , 31 'I -3· -1 138 5 - -3 -2 01+ & -5 ; Itft 13 13· -3 233 6 7 
I 26 15 15· 0 0 28 -8· -I. 30 , 5 :; 9 31 -5· -2 5i 12 -5 
J 17 2' 17· 1 288 7 11 0 02 8 -It , 81t It -1 -1 2i6 1 -1 

K,L:: I, 2 2 119 4 5 1 28 29 15· 8 20 ItO -9" G llt2 1 -5 -, o 21 -2'. J 13 22 11· 2 90 8 1 9 28 33 -13· 1 ;1 13 It 
-8 37 £, 0 4 155 lt -5 3 1.11 5 -3 K,L= 1, 2 2 52 12 -It -, 166 5 -8 5 ft5 8 3 4 79 4 0 -~ 19 .26 1· 3 98 3 I» 
-ra 13 17 12· 6 00 It 2 K,L= a, lit -s 1ft 32 9· It 25 9 -2" 
-5 34 5 8 7 92 :, -s -8 20 2& lit· -7 0 28 -S· 5 15 21 -1· 
-It ° 2S -23· K,L= 0, 8 -7 0 23 -20· -r. 25 25 21" 6 0 33 -23· 
-J 271 7 -ft -10 18 32 17· -& 21t 20 8· -5 21 28 1· 7 16 55 12· 
-2 ~ .. o 9 -2 -9 ft6 , ft -5 1ft 34 8· -It ft2 (t 8 8 18 Zit -12· 
-1 52. 11 -30 -8 17 2S 11· -It 127 ft -2 -3 60 11 2 K,L= 1, 5 

" 167 7 -13 -7 28 8 13 -3 7 28 -1· -2 111 5 1 -1& 0 2& -i· I 609 15 -58 -& 5& 5 18 -2 100 .. :I -1 3 .. 0 9 -3 -9 &1 8 .1 
2 257 7 8 -5 36 18 .. --1 22 2& -10· 0 27 ft 0 -8 191 6 -8 
I 14' 5 2 -It 21 26 8- 0 78 It .. 1 93 5 -It -7 31 6 3 
It 163 ; 10 -I llS It It 1 102 5 -a 2 91 a -3 -6 51 It 2 
5 50 It 5 -2 29 11 ,. 2 23 31 9· 3 72 6 2 -5 38 11 -0· 
& 30 8 10 -1 9S 5 8 3 23 20 1ft- • 182 5 11 -It 232 6 & , 33 20 20· 0 ftltS 11 lit K,L= 8. 1& S 30 10 It -3 372 9 It 
8 1tC) & -6 1 13'" ft -2 -& 39 12 ft- & 17 22 lit· -2 185 5 -3 
i 26 28 26- 2 99 It 3 -5 Itl & 3 , ,.,& 10 0 -1 221 6 -I 
K,l: 0, It 3 72 :; -1 -It 56 10 J 8 22 I,. -0" 0 161 5 3 

-11 21 15 lJ· ft 65 ft -0 -3 9 25 -3- 9 31 10 -5· 1 78 5 -3 
-9 19 20 lit- 5 230 6 -0 -2 28 10 as· K.l= 1, 3 2 itS 5 -3 
-8 92 ft 1 & 19 28 -2&· -1 29 38 2·-18 D 29 -7- 3 125 it -2 -, 126 It -2 7 13 35 11- 0 29 19 lit· -9 50 5 10 It 18 17 -10· 
-6 66 9 2 K,L= D, 10 K,L= 1, 8 -I 53 6 5 5 7 20 -8· 
-5 169 ; -2 -9 3 .. CJ -1 122ft 0 1 -, 84 3 -3 6 19 26 -11--.. 1t6 ; -3 -8 25 25 12· 2 90 9 -0 -6 102 3 2 7 23 31 18-
-3 159 S 2 -7 1t3 , -22 3 &8 5 3 -5 75 3 1 a 32 lit 20-
-2 321 9 1 -6 Zit 9 1 .... It 225 0 7 -It 17 10 15· K,l- 1, & 
-1 15ft 5 -1 -5 89 It -It 5 65 & 6 -3 62 6 5 -10 8 27 -0· 

0 121t 8 -9 -It 33 5 -5 & Zl 22 -9- -2 31 1t7 -12· -9 38 13 -14-
1 53 1 .. 2 -I &1 5 8 7 60 5 -& -1 327 8 5 -8 100 6 -; 
2 131 It 8 -2 10& It 1 8 1t3 13 8· 0 63 6 8 -7 &5 4 -5 
3 lS4 ; -0 -1 5b .. -0 9 30 13 6- 1 ltD Itl g- -6 32 7 0 
It 78 It 7 0 a5 It -It K,L= 1, 1 2 lZIt 6 1 -S 35 lt 2 
5 27 8 19- 1 100 3 1 -9 15 3ft 11- 3 18 5 3 -It 190 5 9 
:. 22 30 0- 2 67 & -11 -8 61 9 -3 It 1t7 9 7 -3 133 It • 7 19 33 -2- 3 35 15 -12- -7 oft 5 -5 ~ ,.,7 & 3 -2 20 38 1· 
8 39 10 It 4 0 30 -2· -6 81 It 1 & 20 26 18" -1 73 3 1 

I(,L:: 0, 6 5 1t6 8 12 -5 118 3 -2 , lit 2ft O· 0 109 :I 3 
-u 38 13 15- & 50 I) 5 -it 101 It 2 8 63 10 -15 1 60 3 :I 
-9 19 .12 -2· K,L= 0, 12 -3 117 6 1 K,L= 1, It 2 &3 ,. It 
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STItUCTUlitE FA~TORS CONTINUEO FOR 
en'HHZ.ONCIt' PI";EZ 

~. FOB SG O::L H FOB SG DEL H FOB SG DEL :i FOB SG DEL H FOB'SG DEL 
J 0 18 -2· 5 .35 5& -2· -1 27 28 8· -3 '9 6 -2 -It 58 3 It 
It 20 21 15· & 42 7 ; 0 1 21 1· -Z 131t 6 -2 -3 1.0 It -2 
5 66 ; 1 K,L= 1, 10 1 28 3a 17· -1 &08 15 -6 -2 202 5· -& 

", &. 36 12 3 .. • -I) 0 25 -D· 2 36 8 -5 1100ft 25 -70 -1 68 3 2 
r ItO 2 .. 1 .. • -8 12 2.0 -0- 3 .. 1 8 -3 1 24,. 7 2 0 "1 j -3 

,*' 
K,L= 1, 7 -7 2 25 -2". K,L= 1. lit 2 17 Z8 3· 1 0 Zo -It-

-11 0 21 -10- .-& 31 21 15· -8 21 23 -It· 3 50 3 1 2 9 .. It 3 
-I) 3D 50 -17· -5 26 IS 11· -1 0 30 -1· It 190 5 -5 3 79 3 -0 
-8 0 36 o· -It 39 5 It -& 0 29 -7- . 5 l&Z It. t It 9 29 -7· 
-T 111 It -5 -3 &0 5 5 -5 lit 20 2- & 11 21 -7-' 5 32 8 a 
-:. 11 21. 8· -z 53 7 It .-It 1t7 Z5 -3· 7, 2ft 27 1941- 6 25 11 ,. 
-5 65 It -2 -1 &0 .. 7 -3 0& 5 1 • 22 31 -10· 7 lit 37 1· 
-It 141 It & • ft2 & -8 -2 37 11 16· 9 23 13 21- 8 2a 9 Zl· 
-I 1t3 It -Z 1 7 2:- -3· -1 0 21 -1· It.L= 2, 2 K,L= Z, 5 
-2 99 S .. 2 0 3& -2- I 0 22 -3- -9 28 30 26- -9 0 26 -I). 
-1 1,. !8 &. 3 29 9 18 1 30 17 13- -8 lit 30 12· ·8 I)~ 11 ·It 

0 SO 7 5 It 89 & -It 2 13 21t -15- -7 21t 33 -3· -7 1)2 It -0 
1 8 29 -8- S 1 .. 21 12- K,L= 1, 15 -& 33 6 12 -6 0 19 -$. 
2 1t9 , -9 K,L= 1, 11 -7 25 33 lS· -5 93 3 0 -5 92 ,. ; 
5 90 3 -Z -9 Z3 26 1,- -& 18 Z2 5· -It .... 8 -14 -It 1 .... It 1 
It 37 9 0 -8 3 .. 11 1· -5 19 2& 9· "3. 111 4 -2 -3 31 11 ... 
; 1 .. 0 It -2 -7 .. & & -8 -It 2 .. 12 '5- -2 230 6' -5 -2 33 9 -10 
& 65 8 3 -& 31t 8 -I -3 23 37 -7· -1 179 6 6 -1 80 3 0 , 27 12 -.. --5 28 23 28· -2 1t7 12 -9 0 310 8 -2 0 80 3 -1 

K,L= 1, 8 -.. 10 21t -2· -1 15 29 1· 1 213 6 -3 1 137 It ; 
-9 20 23 6· -5 131 .. -3 0 13 3& •• 2 101 . It -2 2 29 5 -1 
-8 27 12 lit- -2 132 It 2 1 31 12 19· ;S 131t .. -1 3 It& .. -0 -, 32 1& -3- -1 91t 5 -8 te,L= 1, 16 It 3a 16 19· .. as .. 3 
-0 17 29 9· 0 && 3 0 -6 29 3 .. Zit· 5 39 5 -2 5 0 20 -s--, 17 26 7· 1 .... ~ 3 -5 9 33 -7· 0 19 30 18- 6 17 37 1· 
-It 22 Z7 ... 2 9 25 -5· -ft 32 12 15- 1 . 23 27 g. 7 9 23 -g. 
-s 31t 1" 9· 3 39 ZJ 2· -3 2 .. 2 .. lit· I 3 Z7 -3- 8 21 30 -5· 
-Z .. 3 7 1 It 5& 28 1- -2 19 21 16· K,L: 2, 3 I(,L= 2, 0 
-1 17 51 12· 5 0 31t -20· -1 20 21 20" -9 lit 21 It- -9 16 21 1'" 

G 55 7 .. K,L= 1, lZ 0 0 29 -21· .-8 59 9 It -8 31t 16 It· 
1 7 26 -2S· -9 19 28 1&· K,L= 1, 17 -, 1 .. 1 .. It -7 32 lit 25· 
Z 31 12 16" -8 26 2Z -lg· -.. 16 "2 -10" -, 36 12 -0- -6 2& 9 Z· 
3 55 , 1 '-' 38 17 -5· -3 23 28 10- -5 .. 5 9 -~ -5 ~o 22 -8· 
It 10 .. It -It -& 27 9 19· -2 26 23 1&" -It 65 It -5 -It &2 3 .. - 91 it 2 -5 0 24 -18· IC,L= 2. 0 -3 8 .. It -6 -3 It. 23 -8" , 
r; 21 2 .. 19· -It 32 7 3 o 557 1" -5 -2 32 16 -941- -2 gg It 2 
7 26 51 25· -3 103 5 -8 1 29& 8 -9 -1 .. 3 12 -8 -1 5 22 -10· 

K,L= 1, 9 -2 . 77 9 -2 2 80 & 0 0 1,.7 5 -5 0 ~ .. .. -13 
-9 0 28 -5· -1 1t9 & 11 3 6 .. 5 0 1 130 5 -1 1 30 17 5-
-s 21 28 12· 0 30 32 10· .. 38 13 -a· 2 81 .3 -3 2 81t It -2 
-7 21 2" Z1· 1 28 30 .,. 5 92 3 2 3 68 It 7 3 .... .. «) 
-:. 0 20 -3· 2 33 .. 1 It· 6 &0 5 2 It 11 19 -6· It .. g 5 3 
-5 ,.a 7 13 5 37 7 5 '1 22 30 6· S 31 21 2241- 5 Sit 5 5 
-It 61 3 2 .. 16 22 -.... 8 17 2 .. 3· r- 10 27 -2·. 6 29 11 11· 
-I 63 6 1 It,L= 1, 13 «) 17 25 5· , 18 27 16" '1 22 31t -12. 
-2 30 & lit -8 52 & 2 K,L= 2, 1 8 21 22 -16- IC,L= 2, '1 
-1 29 12 5· -7 17 28 -0· -g 10 31 -3· te,L= 2, It -9 0 31t -27· 

0 10 11 &. -& 21 29 16· -8 23 13 13- -9 30 9 1341- -8 .. ,. 17 2-
1 .. 0 8 10 -5 0 33 -0· -, 95 .. 3 -8 19 30 8- -7 0 23 -ft· 
Z 18 2& 2· -It 112 It -1 -& 09 5 -7 -7 15 22 -It- -6 27 lit -o-
S 22 18 lit· -3 165 & -It -5 112 3 -0 -:. 10 27 .... -5 35 5 11 
ft 155 It -9 -2 ItO 12 -13" -It 17 22 13" -5 65 3 7 -.. 88 3 1 
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Sr~UCTUIU: FACTORS CONTINUED FOR 
cell.He12.0H(rt) PAGE 3 

~ FOilS' DEL H FOB SG DEL H FOB SI» DEL tot FOB SG DEL H FD8 SG DEL 
-I 159 It 3 2 29 11 -13· 2 0 27 -3- 3 85 3 3 .. 0 20 -lit-
-2 6,. 9 2 3 It& 10 -5 K,l= 2, 15 It 128 .. 5 5 5& 11 12 
-1 .. 0 12 -13· It 36 7 17 -0 25 13 16- 5 11 29 -11· 6 (, 21 2-

II 260 7 9 5 Ita. 30 -1- -5 30 21 10- & 32 32 20· 7 22 25 1'-
1 232 6 7 K,L= 2, 11 -.. 82 It (, 7 29 10 -'eo- K,lt: 3, , . 
Z 19 Zit 11- -9 10 2,. ,- -3 a 3& -13· 8 39 15 7- -9 83 12 & 
J 61 It Z -8 a 38 -9- -z 22 lit 6- K.l= 3. 3 -8 72 4 G 
It 63 Ii 2 -7 1t8 12 -1 -1 25 31 8- -9 25 25 2"- -1 60 25 -lit- '" 
S 1 .... It -.. -6 Z& 1& 13· a 51 5 .. -8 60 5 3 -6 .2 9 10 
6 16 & .. -5 17 2 .. 13- 1 1 .. 32 -11- -7 23 13 20- -5 1t5 10 5 , 36 • .1 -It ZO 23 1&- K,l= 2, 10 -& 35 CJ -13 -It 113 5 -1 

K,L= 2, .. -3 27 18 -2- -5 13 2S -3- -5 31 8 1 -3 120 3 2 
-9 0 SO -10- -2 29 IS 5 -.. 23 21t 11- -It 19 2,. 15· -2 Itl 7 5 
-s 13 29 .. --I 65 :5 J -3 21 28 19- -3 lOS 3 1 -1 33 10 -2--, .. 5 5 2 • 1 .. 20 1- -2 3& 10 8 -2 20 25 1,.- 0 It7 It 3 
-~ 11 21 2· 1 36 1 .. 27- -1 23 27 It- -1 176 S 1 1 1& 22 -,. 
-5 .. 20 -7- 2 38 ·8 2S lC,l= 3, 0 0 21 9 18· 2 51 7 -7 -. 61 :s -I 3 &8 11 It 1 80 5 -3 1 52 .. 0 3 17 20 11· 
-3 16 26 12· ft 51 0 -7 2 31 '1 -13 2 21 22 -1"· .. .. 0 1 It 
-2 ,.8 I 2 5 .. 3 1 -0 3 31t 9 -3 3 76 It 3 5 &1 8 ·0 
-1 89 It 3 K,l= 2, 12 ,. 155 :; -1 It 82 3 1 £. 30 33 -5· 
a 157 5 -1 -8 0 25 -20- 5 122 6 0 j 23 15 10- 7 31 1 .. 1· 
1 .. 1 6 -7 -1 16 22 10· D 03 7 It 0 9 21 0- K,La 3, 7 
2 ,.7 18 -10 -6 18 27 1,.· 7 &7 6 2 , 3& «) 3 -9 21 21 2· 
3 35 & -It -5 32 19 0-· 8 53 5 -.. IS 0 25 -1- -8 7,. It 3 ,. 62 11 "5 -It 18 28 -11- lC,l= 3, 1 K,L= 3, It -7 29 2 .. 19-
S 66 5 -7 -3 38 8 S -'1 0 38 -12- -9 29 3 .. 27- -6 16 21 ,. 
6 ,.1 6 17 -2 87 • 3 -8 15 21 12· -8 133 ft 2 -5 28 13 10· 

K,La 2, '1 -1 25 30 18· -7 25 2& 21- -, 102 5 -3 -It ..... 13 £p-
-9 37 9 -0 0 "6 10 -0- -& 18 22 -'1- -& 9 22 -19· -3 51 9 2 
-I 29 12 15· 1 Itl 8 lit -5 31 8 It -5 19 28 1- -2 1& 1'1 -It--, ,.1 T 16 2 ,.7 9 -5 -It 12 It -1 -It 55 It ,. -1 ItO 7 3 
-ra ... a 10 3 68 fa 5 -3 7 26 -11· -3 171 5 3 0 ft5 5 -9 
-5 73 It 1 ft 32 3& '1- -2 75 It 1 -2 219 6 -It 1 31 20 -6--. 29 16 It- I(,l: 2, 13 -1 225 & 10 -1 180 5 2 2. 28 11 •• -3 56 It -1 -. 21 15 11- 0 59 3 -1 0 &6 3 -It 3 25 25 23· 
-2 6. 7 -It -7 37 8 10 1 S .. 3 -1 1 22 26 6· ft 36 38 -lit-
-1 57 8 -S -& 16 27 It- 2 8 22 ... 2 3& 5 9 5 36 7 Z 

I 11'1 It 6 -5 23 30 -11- 3 30 10 11 3 '1" 5 -1 6 20 19 -15-
1 60 ·It 2' -It 98 fa It It 81 It -2 ft .. 6 10 15 K,L- 3, I 
2. itO 13 25- -3 S .. 8 It 5 18 20 8· ; 30 9 -0 -'1 o 13 -2"· 
3 56 8 16 -2 38 12 2- 6 23 27 19- & 18 Z9 11- -8 35 9 -2 
It 55 8 -1" -1 ft2 20 8- T 21 30 -0· .1 28 35 -6- -7 38 6 -It 
; 81 7 -It 0 10 35 0- 8 33 11 26- It, L= 3, 5 -6 10 33 . 1· 
& 37 7 13 1 83 0 -1 K,L= 3, 2 -II 0 21 -3- -5 lit 25 11-
K,t: 2, 10 2 63 8 -It -'1 28 39 .... -8 59 6 -2 -It 26 18 21t-

-9 20 29 19- 3 At2 9 -0 -8 43 10 -It -7 .. 8 8 7 -3 8' It -2 
-8 0 11' -s- IC,L= 2, lit -, 22 31 10- -0 0 20 -9- -2 itO 8 -8 -, 5 29 -3- -7 15 2J 9- -0 15 21 -5· -; 31t 6 .. -1 10 19 •• -it 33 lit 25- -6 0 27 -13· -5 6 28 1- -ft 59 3 -3 0 18 16 1· 
-5 31 a -8 -S 30 32 o· -It 11 1'1 3- -3 ,.1 8 10 1 27 8 1ft-
-It 32 7 27 -It 28 17 It- -3 19 21 13- -2 60 10 -6 2 26 18 22-
-3 42 I 11 -3 23 31 -0- -2 Itlt 5 It -1 55 3 -2 3 1t6 12 2 
-2 25 9 -2· -2 21t 37 -18- -1 127 It -5 0 65 3 3 It 106 6 -It 
-1 '1 '9 -1- -1 17 21t -g- o 85 5 -3 1 25 26 -1- S 97 7 -2 

0 90 6 -0 0 37 8 1 1 21t S 8 2 12 19 -3- 6 o 23 -19-
1 .. 7 17 -6· 1 29 3D -10- 2 59 9 -2 J lit 26 1- I(,L= 3, 9 
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ST~UCTUR~ FA;:rOItSCONTINUED FOR 
en'He12.0Nert) paGE /t 

" Foil SG DEL It FOB SG DEL tt FOB SG l)EL It FOB SG DEL H FOB iG DEL 
-8 35 10 1 .. -7 19 25 •• -& .... 15 8· 0 70 3 3 -5 22 2 .. 2· 
-T 33 33 32· -& o 2& -It· -5 &8 /t -1 1 12 19 1· -.. 0 29 -23· r 
-6 37 11 ,~ft -, o 22 -3· -.. .. , & 9 2 30 15 lit· -3 21 31 •• -, 20 2. lS· ./t o 31 -5· -3 13 21 -2· 3 & 3 .. -3· -2 25 26 10-
-It 26 21 ft· -3 1t6 9 -9 ~2 22 13 2· /t 38 19 ~. -1 '/t It -1 ' 

,. -I 46 • 1 -2 251ft 13· -1 199 5 -1 ; &2 12 -2 0 21 29 ,. 
-2 19 25 1· -1 o 21 -1· 0 20& & -7 ~ 15 3,. 5· 1 ~2 5 3 
-1 It. 2 .. S· a 18 21 11· 1 &5 3 0 K,L=' It, 6 2 20 39 3· 

I 53 7 -6 1 2 .. 30 7· 2 19 21 5· -s ... 6 1 J 1t1 7 1 
1, 21i JIt 13· 2 35 9 1,. 3 ft1 9 -0 -, 32 36 25· It .3 It 0 
2 19 31 6· K,L= 3, lit ,. 67 & 2 or. 21 21 18· K,L- It, 18 
I, II J9 -ft· -6 17 2,. 1ft· 5 53 9 3 -5 31 21 -3· -7 23 29 1· 
It 60 It .. -S 25 itS -1· 6 0 22 -1· -It ft9 5 -2 -6 1. 29 12· 
5 1t6 5 12 -It 93 5 -1 7 16 35 9· -3 28 21 -1· -s 25 /t2 It· 

K,L: 3, 10 -3 31t 12 -12· K,L= It, 3 -2 18 19 13· ·ft 37 8 15 
-a 25 27 21· -2 itS 12 6 -8 2& 28 18· -1. It, 6 2 -3 19 l7 11· -,. 2ft 2S 1· -1 0 25 -8· -7 0 22 -9· 0 75 3 -1 -2 lit J8 -1· 
-~ o JC) -1C)· 0 35 lit 32· -6 2,. 31 23· 1 12& ,. 2 -1 8 1t2 -1"· 
-J 22 l' 19· 1 33 13 lit· -5 10 2& -6· 2 ft9 5 9 0 && 7 7 
-It 1t3 a & K,L= 3, 15 -It ,.3 5 -S 3 "It 11 2 1 23 27 19· 
-3 621 6· -5 0 30 -12· -3 lit 20 -6· It 23 19 -12· 2 23 15 15· 
-! lil S 6 -It 7 21 1· -2 0 23 -13· ; .... 13 -1"· 3 51 11 13 
-1 76 8 3 -3 ItO 11 0 -1 36 12 1· .~ 1t6 9 8 It 22 25 lit· • 32 13 -7· -2 2 25 -1"· 0 217 6 -2 K.L: It, 7 K.I.= ... 11 

1 28 36 ... -1 30 36 10· 1 71 3 5 -8 11 2 .. -2· -7 12 39 ,. 
Z 16 35 ... • 28,39 20· 2 18 20 -1"· -7' 31 11 -2· -6 28 32 1" 
J 52 5 5 K,L= It, • 3 11 21t 9· -i • 32 ,3· -5 28 8 28· 
It 92 S 3 • 392 10 -11 .. 2& 10 7· -s 13 35 -12· -.. SO 15 15 
5 11 58 -9· 1 55 9 • 5 fto • 6 -It 0 20 -19· -3 2ft 29 23· 

K,L= " 11 2 Itft 5 -6 6 0 25 -11· -3 51 7 10 -2 ,lt6 1 -12 
-It 5 27 -17 •. 3 37 S -18 7 7 23 5· -2 • Z4 -9· -1 22 56 -28· 
-7 "3 a 19 ft 11 11 2· K,L= It, It -1 33 13 6· 0 ItO 7 15 
-0 17 23 8· 5 62 6 5 -8 51t 17 Z· 8 81t .. -3 1 29 51 3· 
-; 19 22 -9- 6 32 lit -5· -7 93 It 3 1 87 6 5 2 21 1ft 19· 
-It 21 39 15· 7 3& 8 5 -6 29 31t 21t· 2 21t 32 3· 3 17 1ft -11· 
-I 80 It -2 • 20 28 8· ~5 2ft 30 1· 3 38 6 8 I(.L: It, 12 
-2 22 25 -It· I<,L= It, 1 -It 1t3 13 11· It 31 7 20 -6 26 21 2,.· 
-1 18 21 11· -8 0 2,. -15· -3 2ft 21 -6· 5 29 10 -9· -5 22 16 21· 

iii 12 22 7· ., 0 36 -11· -2 66 It 2 K,l= ,.. 8 -It 30 11 -lZ· 
1 19 35 8· -6 71 5 1 -1 . 31t 9 -9 -8 0 27 -17. -3 11 30 -12· 
2 2Z 29 18· -5 21 27 17· 0 98 It -2 -7 21 21t . 7· -2 29 21 -1· 
I ,. ,28 -15· -It 51 10 1 1 18 20 -6· -0 26 ItO -13:" -1 12 25 It'" 
ft 51 13 -6 -. 25 13 20· 2 ~1 6 -0 -5 5 .. 11 2 0 22 39 5· 

K.L: S, 12 -2 118 5 -1ft 3 7 21t 1· -It 53 16 9 1 28 31 -1"· -s 3ft 11 -11· -1 321 '8 0 ft 33 22 21· -3 6ft ft I 2 23 28 7· 
-7 36 • -S 0 159 It It 5 25 22 1· -2 25 11 -f· K.L= It. 13 
-~ 0 29 -13- 1 57 I, 3 & 10 27 2· -1 lit 19 9· -6 18 31t ,. 
-J 0 21t -1". 2 1t9 1 It 7 21 29 6· 0 85 6 .. -5 21 27 19· 
-It 54 It -3 3 52 0 3 K,L= It, 5 1 29 9 1,.· -4 25 13 ,. 
-3 169 5 -It ~ 78 3 5 -8 1t5 12 15 2 8 43 -1· -3 15 31 -3· -2 112 S -J 5 32 16 -10· -7 0 30 -1- 3 25 Itl 23· -2 22 38 18· 
-1 63 15 2 6 27 10 10· -6 ftO 11 10 It 27 1,. 2,.· -1 1t6 10 'c, • 20 29 3· 1 0 25 -0· -5 33 15 11· 5 56 6 -8 0 18 25 11· 

1 12 21 -1· a 17 22 15· -It 35 11 -11· K,L= It, 9 1 51 11 1 .. 
2 28 32 5- K,L= It, 2 -3 9ft ·1 3 -. 20 31 7· I(,L= It, lit 
3 5ft 11 1 -8 31 9 10 -2 23 25 5· -1 25 32 11· -5 19 22 15· 

K.L= 3. 13 -.7 oft 5 -0 -1 22 23 17· -r, 0 22 -1· -ft 52 1 -3 
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STtUCTUItE FA:TORS CO.TINUEO FOR 
CCg,HC1210NC.' PAGE 5 

~ FOI St; O::L Ii FOB. SG DEL H FOB SG IlEl ~ FOB SG DEL H F08 SG DEL 
-5 8 22 -3· K,L= 5, It -1 19 27 u,· 5 21 .3" O· -3 21 23 . -7· 
-2 24 II 20· -7 Ito 25 -1· -0 30 3. 20· & 32 11 O· -2 22 23 -i· 
-1 0 28 .g. -0 35 10 1 -5 21 21 lit· K,L= &, 1 -1 16 j3 10· 

K.t: 5, 0 -5 . o 29 -ft· -It 31 2. 8· -i 23 26 1· 0 19 28 11· 
1 52 9 1 -.. 23 29 -1· -3 "1 12 -2 -s 36 13 &. 1 55 1 1 
2 28 11 1,· -3 13 29 7· -2 3& 19 ... -It 3& 13 7· 2 7 21 i· 
J 6 22 6· -2 51 & I -1 SO 17 9· -3 2 .. 1 .. 1· 3 30 33 15· '. 
It 7 JI -11· -1 30 .27 2· 0 42 11 -It -2 6 lit -25· 4 30 18 ·22· 
5 2. 15 -1£,. 0 2 .. 11 16· 1 0 22 -2· -1 25 21 15· K,L= 6, 0 
& 37 12 6· .1 22 11 -5· 2 13 22 1· 8 93 a -8 -6 £» 23 5· 
1 • 22 •• 2 18 20 -3· 3 19 22 13· 1 31t 13 24· -5 21t ;12 20· 

K,L= 5, 1 3 21 35 -10· It 9 32 -It· 2 39 10 1 -It 25 28 so. 
-1· 16 33 It· It 27 30 -7· K,L= ;, 9 3 0 39 -1· -3 0 26 -10· 
-& 18 28 13· 5 ·31 22 10· -6 0 32 -9· It 0 25 -2· -2 0 33 -3· 
-5 44- g J 6 36 12 21t· -5 0 22 -11· 5 32 8 13 -1 23 15 lit· 
-It 31 I 11 K,L= 5. 5 -It 1& 27 9· K.L= 6, 2 0 0 24 -19· 
-I 18 21 9· -1 13 23 13· -3 35 9 -5 -0 33 C) 3 1 39 6 ft 
-2 24 2g 1· -6 19 37 &. -2 21 22 12· -; 9 29 7· 2 21 23 19· 
-1 44 12 -17 -5 3 3. -6· -1 35 lit ft· -It 1. 27 6· 3 19 24 12· 

D 24 11 1· -It 65 12 -7 0 22 30 13· -3 20 30 2· K.L= 6. 7 
1 0 2. -12· -3 e .. 0 -2 1 35 6 12 -2 It& 10 8 -5 Itl 13 38· 
2 o 25 -6·. -2 19 It 9 2 23 19 19· -1 97 6 -3 -4 22 28 -a· 
J 22 27 18· -1 31 29 ,. 3 15 21t 14· 8 31 13 13· -3 ft 30 -3· 
It 83 It -6 0 21 29 -13· I(,L= 5, 10 1 51 13 -4 -2 0 21 -1· 
5 33 I. -10· 1 o 20 o· -0 15 26 10· 2 0 33 -5· -1 27 31 20· 
& 10 25 -11· Z 14 22 3· -5 28 3 .. 9· 3 25 35 13· 0 33 13 ,. 
7 30 19 -3· 3 30 :u -1· -It 37 12 ZO· It 25 12 5· 1 29 • 20 

K,L= 5, 2 .. 27 11· -17· -3 SO 1 .. -1 5 26 26 20· 2 14 31t -0· -, 28 Ita 15· 5 16 25 1· -2 9 Zl -9· I(,l= 6, 3 3 21 Z .. 1&· 
-Ii 37 1 .. l3· K,L= 5, & -1 Zl 2." 19· -r. 41t 6 17 K,L8 6. • -5 5 22 -Z4· -, o 31t -5· 0 0 20 *2· -5 12 31 -11· -5 22 2' o· 
-It .. 1 & 8 -, 25 13 6· 1 0 29 -6· -It 23 38 12· -4 27 31t 17'" 
-5 42 l' Z· -5 1 .. Itl 1· 2 13 26 13· -3 13 Z6 ... -3 22 Z,. -1· 
-2 35 15 2.· -.. / o 23 -6· IC,L= 5. 11 -2 0 30 -21· -2 21t .4 11· 
-1 91 ; -5 -3 o 2 .. -711- -S 21 23 lit· -1 108 .. -5 -1 33 8 -It 

0 21t 9 1· -2 43 20 38· -It 8 26 ... II 23 28 -19- 0 37 8 -1 
1 25 12 7· -1 21 2& -S· -3 ... 8 -10 1 15 21 10· 1 7 31 ... 
2 11 20 -1'· I. 25· 13 1· -2 61 lit -11 2 2.. 24 9· 2 2 33 -III-
I 15 22 14· 1 15 lt~ ... -1 50 5 -1 3 23 24 16· K,L= 6, 9 
It 24) JIt 1· 2 19 20 lit· 0 37 10 2 .. It 2.. 16 1· -4 16 Zit 15· 
; 12 2 .. 12· 3 21 15 10· 1 21t 13 22· j 12 31 10· -3 26 12 12· 
6 4 29 1· .. 28 1 .. 1· K,L= 5. 12 K.L= 6, 4 -2 26 11 9· 

K,L= 5, 3 5 28 30 2· -5 32 17 29· -& 26 21 17· -1 22 20 1.· -, 64 lS .. K,L= 5, 1 -It 0 2& -5" -5 32 18 29· 0 ItO 7 -2 
-~ 0 2Z -10· -7 .. 3 9 7 -3 16 28 11· -It 33 35 31· 1 ZS 25 &", 
-s 0 .. 3 -I.g. -6 10 23 It· -2 1t7 8 15 -3 22 31 -8· I(,L= 6. 10 -.. 16 21 &. -5 16 28 -1· -1 20 25 1· -2 fJ ItO -5· -3 1 .. 35 11· 

~ 

-3 .. 5 5 5 -It 3& 1& -13· 0 16 26 15· -1 17 25 1· -2 20 32 3· 
-Z 102 3 2 -3 18 23 15· K,L= 5. 13 I 95 .. -2 -1 23 27 15· . 
-1 65 7 -9 -2 16 30 1"· -3 69 5 -, 1 20 30 4· 0 3 .. 11 25· a 24 so g. -1 1 .. 21t -Z· -2 31 15 22· 2 18 29 . s· I(,L= 7. 0 
·1 41 ; 10 0 33 11 27· I(,L= 0, 0 3 2.. 12 15· 1 0 31 -13. 

l 18 28 -.. 1 27 28 It· 0 129 8 -2 It 21 26 9· 2 31 12 lao 
s 68 .. -5 2 31t 9 S 1 71 8 -3 I(,L= 0, 5 3 9 25 3· 
It 25 11 -1- ·3 20 21 ft· 2 31t 7 18 -0 31 18 20· K,L= 7. 1 
; 32 26 6- ft 0 33 -22· 3 17 38 2· -; 37 7 26 -It 18 .... -ft· 
6 21 35 9· I(,l= 5, 8 It 0 23 -1· -It 1t2 12 39· -3 0 38 -7· 
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sttUCTURE FA~TORS CONTINUED FOR 
CC9.H(12tON(It) PAGE 6 

~ Foe SG DEL It FOB Sli DEL H FOB SG DEL Ii FOB SG DEL H FDB SG DEL 
~Z 15 23 10· 
-1 3,1 12 9· 

0 0 21 -6-
1 25 SO 17· 
2 1. ll) if)· 

! J 18 23 17-
K,L: 1, 2 

-It 0 26 -3· 
-3 28 JS 16-
-2 33 16 -a· 
-1 22 22 -11· 

D o 22 -1-
1 12.35 -12· 
2 0 2; -g. 
3 33 2'2 23· 

K,L: 7, 3 
-It ' 0 27 -3· 
-3 JZ 11 23· 
-2 20 J6 3· 
-1 Z9 12 ,. 

II 0 2Z -1· 
1 22 25 6-
2 18 21 -Z-

K.L= 7. It 
-I 27 IS -6· 
-Z 39 111 -9 
-1 15 IJ 7· 

• 11 Z5 8· 
1 18 lit 1Z-
l 8 2ft 2-

te,L: 7, 5 
-3 .. 31 -Z1 • 
-2 JCJ 9 Z1 
-1, 23 31 12· 

D 23 It,. 15· 
1 28 19 ' Z1· 

K,L: 1, ~ 
-3 23 II ' 1· 
-z 0 1& -11· 
-1 ., lit -3· 

D 28 3ft 18· 
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.-________ LEGAL NOTICE-----------, 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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