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LBL-1265 

CONTRIBUTION FROM THE LAWRENCE BERKELEY LABORATORY AND 

DEPARTMENT OF CHEMISTRY, UNIVERSITY OF CALIFORNIA, 

BERKELEY, CALIFORNIA 94720 

The Crystal Structure of £-Ferrous-tris(l,lO-phenanthroline) 

Bis(antimonous d-tartrate) Octahydrate1 

By Allan Zalkin, -)(· David H. Templeton, and Tatzuo Ueki 

1work. done under the auspices of the U.S. Atomic Energy Commission . 
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1. 

The compound £-ferrous-tris (1,10-phenanthroline) 

bis(antimonous .Q.-tartrate) octahydrate, Fe(c12N2H8 )3 (c4 
o6H2Sb) 2 ·8Q2o, crystallizec in the trigonal space group 

P3 221. Three formula units occupy a unit cell of 

dimensions a = 18.58(2) and.£= 12.04(2) A. Intensities 
., 

were measured by.the stationary-crystal stationary-counter 

technique using a scintillation counter and MoKa X-rays. 

The structure was refined by full-matrix least-squares 

to a conventional R factor of 0.048 for 1600 reflections 

whose intensities were observed to be greater than their 

estimat~d standard deviations. The structure consists of 

a ferrous tris(l,lO-phenanthroline) cation and a bis(antimonous 

i-tartrate) anion. The iron atom lies on a two-fold axis 

and is octahedrally coordinated to the nitroe;en atoms of 

the three phenanthroline groups at an average distance 

of 1.97(1) A. The antimony tartrate complex is a dimer 

in which each of the two antimony atoms is coordinated 

to four oxygen atoms of the tartrate; Sb-0 distances 

average 1.91·(1) and 2.13(2) ~respectively for alcohol and 

carboxyl oxygen atoms. The absolute configurationG of 

the complex ionc were determined by the anomalous dispersion 

effect. Tile cation, A(- )589 F'e phen3 
2+, phen = phen~mthroline, 

hu::: a pso.udo thrcc>-fold axis and rcccmbles a three-bladed 

left-handed propeller, the blades being the planar 

phenanthroline ligands. The configuratlon of the d-tartrate 

in the [Sb(+)tartrateJ 2
2- ion is in agreement with previous 

determJnations. 



2. 

Ferrous ion and 1,10-phenanthroline make octahedral 

complexes which exist in enantiomers that can be resolved 

by precipitation of the £-isomer with antimony d-tartrate 
2 as shown by Dwyer and Gya.rfas. Professor R. E. Powell 

(2) F. P. Dwyer and E. C. Gyarfas, J. Proc. Roy. Soc. 

N. S. Wales, 83, 263 (1950) • 
. "-i'V 

of this University provided us crystals of this precipitate 

and suggested that .we determine the structure and absolute 

configuration by X-ray diffraction to penni t a check of 

methods of configuration determination by theoretical analysis 

of the optical properties. This paper reports such a study. 3 

(3) For a preliminary account, see D. H. Templeton, A. Zalkin 

and T. Ueki, Acta Crystallogr., ,V-_, Al51 (1966). 

We show that the (--)-[Fe phen3 ] 2+ which precipitates with 

d-tartrate is in the conformation of a left-handed propeller, 

in ac;rcement with the assignment of McCaffery, Mason and 

No:r·nw.n-1 on the lu.:u:d:.:; of nnaly::.1:Ls. of' cLr(:ular di.chro:i.sm, 

( -1) A. J . McCaffery, S. F'. Mason, ancl B. ;r. Normnn, 

Ji Chern. Soc. (A), 1969, 1428. 
"-•''-"""'"""" 
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3. 

thus providing a confirmation of the validity of that method. 

Another result of this study is that the antimony 

tartrate, which has been formulated classically in tartar 

emetic and similar salts as "antimonyl tartrate," 

SbO(C4H4o6 )-, or sometimes5 as H2o Sb(C4H2o6 )-, exists 

(5) H. Reihlen and E. Hezel, Leib. Annalen, 486, 213 (1931). 
'V'VV 

j_n this crystal as a cyclic dimer of compositi~n ((c4II2o
6

)Sb)2
2-. 

In this complex Sh(III) has displaced hydrogen from the alcohol 

groups as well as the carboxyl groups and is complexed only 

by tartrate. The same complex anion has been found by 

Kiosse, Golovastikov, and Belov6 in .9_,.i-(NH4 ) 2sb2(c4H2o6) 2 ·4H2o, 

( 6) G. A. Kiosse, N. I. Golovastikov, and· N. V. Belov, 

JJol\:1. Akad. N auk SSSR, 155, 545 ( 1964,) . 
"VV"V 

by Kiosse, Golovastikov, Ablov, and Belov·r in .9_-(NH4 ) 2 
Sb 2(c4H2o6 ) 2 ·3H2o, and by KamenarJ Grdenic~ and Prout8 

in ~,J-K 2Sb 2 (c4H2o 6 ) 2 ·3H20. 

(rr) G. A. Kiossc, N. I. Golovastikov, A. V. Ablov, and 

N. V. Delov, Dol\ l. Akad. Nauk. SE'.:iSR, 1'77, 329 ( 19G7) . 
-----··---~---------- ... \./\"'"\..• 

(u) B. JCJm<.;nar, -D. Clrdenic, and c. J\. P1·out, Acta 

Crystallo(~~!::., Sect. B, ~' 181 ( 19'10). 
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9 Earlier conflicting reports concerning the d., £-K salt 

( 9) D. Grdenic and B. Kamenar, Acta Crystallogr., ll' 
A40 (19G3); ~~' 19/ (1965). 

. . 8 
have been withdrawn_, and the dimer structure is the 

only one·known in crystals. 

Exnerimental 
'VV~'V\/V'VV'V'\J 

The sample of £-ferrous tris(l,lO-phenanthroline) 

bis(antimonous ,£-tartrate) octahydrate consisted of 

crystals of small deep-red needles. A fragment ~.1 mm 

in diameter and -v0.3 mm long was glued to a pyrex fiber, 

and subsequent \.VeiGsenberg photography showed the needle 

axi::; to be c of a trigonal unit cell. Ce!l dimensions 

and intensities wore measured with a manual General Electric 

XRD-5 X-ra.y .diffraction apparatus equipped with a 

quarter-c:Lrclc Eulerian-cradle goniostat, and a scintillation 

counter with pulse.height discrimination. MoKa x..,..rays, 

A~ 0.70926 ~ for Ka
1

, filtered by a 0.003-in thick Zr 

filter on the receiving slit were used for the measurements. 

rf'he X-ray tube WQS operated at ·1:0 kv c.tnd 20 ma. The 

Cl'YstaJ WD.f:> ~;o or.icntcd that the c axj_:::; was parallel to 

the.! cb axi::; of the :i.nstrwnent. 

Coun LL~ for ten sec each were made ()f 17t1-8 .Lndcpenclcnt 

reflecU.ons usinu; a stationary-counter stationary....;crystul 
:. . 

technique; these include all the reflections whose indices 

• 
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are positive and. whose Bragg anGles are less than 22.5°, 
I ·1 

'I'he diffractometer was set at a 4° takeoff an{ilc to the 

tube. Baclcground was plotted as a function of 20 and 

these values were used for most of the intensities; in 

cases where background was affected by streaking, 

individual baclcgrounds were measured. Typical backgrounds 

between 20° and 15 o of 2 () were from- 2 to 4 counts per sec. The 

0,3,2 reflection was the largest intensity registering a 

counting rate of 7856 cps. 80 reflections wer~ observed 

to be equal to or_below background, and an additional 

64 had intensities less than an estimated standard 

deviation; in the least-squares refinements these data 

were assic;ned zero weights. The data were corrected for 

the Lorentz.-polarization factors, and no .correction was 

made for absorpt:Lon. '£he absorption coefficient 11 is 
. -1 estimated to be 15 em 

found necessary. 

No extinction correction was 

In the course of some experiments us1ng CuKa radiation, 

the cell dimensions were observed to be very much affected 

by relative hwn:Ld.ity. When the relative humidity, as read 

from a simple Ahbeon Relative Hwnid:Lty Indicator, read 

30/b the tric;ona1 cell dimensions were calculated to be 

a -- lf\. ~~>5 and c 12.00 J\; at d. G?;~ tbcy DVJCllcd to :w.Gl 

and 12.01 7\. '1'11 j_ :~ behavior is somewhat similar to ·that we 

observed in collecting data for ferr:Lchrome-A . 10 Had. we 



6. 

( 10) A. Zalkin, J. D. Forrester, and D. H • Templeton, 

J. Amer. Chern. Soc., 88, 1810 (1966). 
""" 

had f'luctuations to the limits of the two extremes in 

humidity reported above, the error in the 26 angle at 45° 

with.Mo X-rays is about 0.15°; this does not produce 

a serious setting error, and in·fact no.problem was noticed 

during the manual collection of the data. With copper 

radiation, setting errors are serious; for at a comparable 

sinO/A. value the error amounts to about 0.6°. We 

collected some 8000 scanned intensities on a second crystal 

us:l.ng CuKa radiation with an automatlc diffractometer, but 

we abandoned the set for two reasons. We lacked confidence 

in the settings due to humidity changes that occurred during the 

two \'Jeeks required to collect the data, even though we 

attempted daily modifications of the cell dimensions. 

Secondly, Cu data suffer much more from absorption. We 

made some refinements using the Cu data, and the resulting 

coordinates were within two standard deviations of the 

results from the manually collected Mo data we report here. 

Fourier_, least-squares, and distance calculations were 

pel' formed v:;.i rrg uu1· own Wlpubl:LBheu proc;ru.ruu on a Control 

Data Corporation GGOO computer. The full-matrix 

lcast-r_;qunrcr:: program minimizes the function ~ w ( j F ol 

• 
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IF cl ) 2/ LvJF 
0 

2; F
0 

and. F c are the observed and calculated 

structure factors, and.}! is the weighting factor. Atomic. 

scattering factors for Sb3+, Fe 2+, neutral 0, N, C and H 

were used, 11, 12 ·and both the real and imaginary parts of 

(11) D. T. Cromer·and J. T. Waber, ActaCrystal1ogr., ~~ 

104 (1965). 

(12) R. F. Stewart, E. R. Davidson, and w. T. Simpson, 

J. Chern. Phys., 42, 3175 (1965). 
rvv 

1 I . ] ] . i t. 13 f ('lb d r.• , 1e &,noma .. our: t .1 uper::J on correc ·:Lon ·or •J an J.' e were 

(13) D. ·r. Cromer, Acta_Q_rystalloe;:r,., ~~' 17 (1965). 

included in the least-squares calculations. Anisotropic 

temperature factors used. have the form 

exp-(h2f311 + k2f~22 + £2f333 + 2hkf312 + 2h£~13 + 2k£f323); 

for convenience the thermal parameters are reported here 

as BJ.j' in units ~2 , where Bij ~ 4f3ij/a1*aj* and. a1* is 

Ll1C ith l'C:C:J)Jroc:aL cell length. The weJc;htJng on each 
. -2 rcflcctJ on, w, was set to (a ( l•' ) ) w:l th the exception 

-- 0 

that.!:!_~= 6 wheni(net count)~a(I). 'l1he standard 

deviation of the observed structure factor was calculated as 

o(Ji' ) = F - (1" 2 - sa(I)/Lp)1/ 2, where sis a scaling 
0 0 0 . -
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factor, F -- ( si/Lp) l/2, and Lp 
0 

correction. a ( J) ""· (I + p 2r 2 + 

8. 

is the Lorentz-polarization 

21.3) l/2 , w·hei~e n j -L · .s a.n 

estimated fractional uncertainty in .!_, and B is the 

background. A value of l?. = 0.07 was found necessary to 

reduce the weights of the intense reflections so that 

their weighted residuals were comparable to those of lesser 

intensity. 

Results 
"""""'~ 

0 

a :co 18.58 + 0.02 and c = 12.01 + 0.02 A at "'24° j the 

accuracy is limj_ted. by the humidity effect and these reported values 

arc estimated. to have been measured. when .the relative humidity 

was between 35 and. 40%. The observed Laue symmetry of the 

reflections is 3ml. The observed settinG·of the symmetry, 

I(hk£) ~ I(kh1"), the known asymmetry of the mo1ccules, and 

the observed nbsences where oo.e I 3n, indicate the 

cnantiomorphi.c pair of space groups P3121 and P3 221 as 

the sole choices j ·anomalous dispersion effects established 

the space group to be P3 221, Allowing for three 

formula unJ.ts per unit cell, the calculated X-ray density 

j :: ].. 7'( [':/<:('. 

Structure Dctcrminat:i.on .-'l'he posi t:Lons of the iron 
~"v~vr\."'.VI"'\:tf\..•'"\.••'VV""\/"\./\/'V'V"\.t"~ 

and ant:i.mony atornr, were readily determ:i ned from a 

Lllrcc-cLi.mcn::d onal Puttcrnon map. 'l'he iron occupies a 

• 
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special position on a two-fold axis, and all of the 

other atoms occupy the general six..:.fold set. A Fourier 

phased on the F'e and Sb atoms resulted in the locution of 

19 of the 35 non-hydrogen atoms. The partial structure 

was refined to an R fac .. tor, R = l: l.dFj /~I.F 
0 
I , of 0. 20. A 

second Fourier revealed the remaining atoms with the 

exception of the hydrogen and the water oxygen atoms. 

Further refinement of the structure followed by a 

difference Fourier revealed four water oxygen· atoms. 

Hydrogen atoms did. not show up very. weLL on the difference 

Fourier maps, and eventually the parameters of all but the 

water hydrogens were included. but conatrained to their 

estimated positions with a fixed isotropic thermal 

parameter of 5.0 ~2 . From the humidity effect it is 

evident that water is loosely bound in this crystal and most 

probably occurs in its sites with partial occupancy. This 

conclusion is supported by the large temperature parameters 

of the water oxyc;en atoms. Since there is no clear-cut 

ordered hycJl'Ot~cn bond pattern in the wat.cr sul;structure, 

we could n.:-,L ct.:tlmate the hydrogen por-~.it:i.ons of the 

'rhe rc1;u It~; of the least-r:qu:.trcs rcf:Lrwmcnt are shown 

in 'l'ahles I and II. Figures l and 2 serve as guides to 

the nwnbc r:Lll[~ 1.:yn tern. 'rhc refinement war; arbLtr;.trlly iJbtrLcd 

l'n c•pa·c·c·, {'r<)t'l). ].!'? '.)'1 "' . . , ·' . .J ,J J r" .. ' 
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order that the configuration of the d.-tartrate would 

be the same as that reported by Bommcl arid Bijvoet. 14 

( 14) A. J. van Bommel and J. M. Bijvoet, Acta Crystallogr., 

ll, Gl (E>SO). 
"""' . 

The final R factor on 1600 non- zero weighted data is 

2 I 12 0.048; the weighted R2 factor, ~ (~1") /~w F
0 

, is 0.056; 

'the standard deviation of an observation of unit weight 

:i.r.~ 1.07; and the~. H fa.ctor for nlJ 1'(1 fl data, :includ:i.ne; 

the zero-w<.!.Lghtcu ones, is 0 .os·r. 1\ Lul>le uf olJuervcu lUJ<.l 

calculated structure factors is available upon rcquest. 15 

(15) A listing of structure factor· amplitudes will 

appear immediately following this article in the microfilm 

edition of this volume of the journal. Single copies may 

be obtained from the Business Operation;.; Off:Lce, Books 

and Journals Division,-American Chemical Society, 1155 

Ei:ixtccnth St., N.lt/., Washington, D. C. 20036, lJy referring 

t.u nutl1or, ·t.Lt.le of artJele, vo:lurnc t.Ln<l pu.gc~ J.JUJrthel'. 

Hcmi L ~···---·· f(H' pl tu Locopy or ~i ___ J'or m:Lcrof:Lcltc. 

A difference function based on the final set of 

parameters was caJ eulated.. The maximW11 peak height on 
2 

this map was 0. Oe/J{>. The largest peaks appear ncar the 
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antimony atom, but no attempt was made to associate them 

with a:ny electron pair' structure. l!,rom the size of these 

peaks a:nd their ·locations, it is evident.· that there is 

no antimonyl type oxygen·in.this compound. 

A series of refinements made with the anomalous 

dispersion reverse~, resulted in R increasing from 0.048 

to 0.052 and. n.2 went from 0.056 to 0.062. This is in 

agreement with the configuration for the d.-tartrate 

d t . d b B 1 d B. . t 14 An dd . t . J .e erm~ne . y omme an ~Jvoe · . ·a .~ ~ona _ 

experiment to check the absolute configuration was performed 

using CuKa radiation to measure some 528 data representing 

abbut 120 independent reflections. The L1 f" for Fe and Sb, 

respectively, is 3.5 and 5.8 electrons with CuKa radiation. 

'rhe Fe and Sb were refined anisotropically, carbon, oxygen 

and nitrogen were included with isotropic thermal parameters 

but were not refj_ned; hydrogen atoms were omitted. The set 

of 120 reflettions refined to R = 0.06 with the correct 

configurat:i on j vJhen the anomalous dispc rslon effect vJas 

reversed the R factor went to O.JO. 

DeGcri.ntion of the Structure 
'"\...o'"V"'V'V''\..o"'V~~~I"\..o~'\..1"\.Jt'\.•'Vv'V 

'l'he cation consists of an iron atom complcxcd. by 

three pluno..r ph.::;naJJthroline l:i.gands to form a left-handed 

propcllc1·-typc:: r'tructure, see F:Le;ure 3. In keep:i.ng with 

n~cent norncnelaLu1·e proposoJ8J.C th:Ls Jor1 would be 

l ·, , .... '1 ., ., ,. " A (· ) I . . {~+ 
< ( .... u .I 'L<. ._! .• __, . ·---- ~. 13 ~/·o phm1:5 , phf~n ]'hc~nanLiln,·lin<~. 
-·--··- ... ·-·-·-- -··· ·-· 
(lC) 'l'cnt.ut..i.vu l':t·opos:t:I

1
.G for No.mcncluturu oi' ~~-I.J ·1 t 11 GO .. \l e 

Configurnt.i.ons Coneorned w:i. t.h S:Lx-Coord.i natecl Complexen Hewed 

on the Octalledrcm, ~!..!.92:1T,.:_3ht;!~l._, f!.-' 1 (l~l'fO). 



·.'.'· 

12. 

The ion.itself lies on a crystallographic two-fold axis, 

but its molecular symmetry is also very nearly three-fold. 

The iron atom is coordinated. to all six nitrogen atoms of the 

three phananthroline groups at an average d.istance·of 
0 

1.97 + 0~01 A .. A list of distances and. angles in the 
·.,. 

cation is presented in Table III. 

The anion consists of a 'dimer of antimony tartrate 

on a crystallographic two-fold axis. Figure 4 shows a 

stereoscopic view of this ion. A list of distances and 

angles of this union is shown in Table rv. Each antimony 

is coordinated to four oxygen atoms from the tartrate 

· lie;ands, and there is no evidence in this study of any 

further coordination to the antimony, i.e., an antimonyl 

oxygen. The same complex has been reported with very 

6-8 similar shape in the studies cited. above. Average 

distances are 2.13 A for Sb-0 (carbonyl) and 1.94 .1\ for Sb-0 

(alcohol), somewhat shorter than the corresponding average 

values reported for 
'( 

( 2 . 18, 2 . 02) , and 

the other crystals: (2.15, 2.04), 
6 

(2.20, 2.01). 8 

'J'hc wli.Cln uncl cation pack :Ln a way which i;~ not simple 

to describe. A stcreographic view or the structur<:! look.ing 

down tho thrr.c-:f'old axis iG shmm :i.n F:ic;urc 5. Thr. 

clo:.:eFd-. apprnnch of the cation to the ardon occurr; between 

O(C) :i.n the a.n:ion and H(l2) in the co.t:ion at a eLi ~~tnnce 

of 2. :">h J\; the closest non-hydror.;en approach j_s between 0( ~)) in 

the anion ancl c( :t:~) in th.c cat:Lon at a distance of 3 .lG ·}\.. 

~... 
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The water structure in this crystal is indicated in 

Figure 6; in this figure all contact distances less than 

3 .04 A are indicated wlth a connect:l.on. The o(rr) water 

molecules form a spiral in the direction of the .£ axis, 

and waters 0(8), 0(9), and 0(10) form a structure with 

hydro~en bondinc; to· 0(1) and·0(4) of the tartrate groups. 

'l'he temperature factors of the water molecules· are large, which 

probably represents incomplete occupancy and disorder. The 

observatj_on that the cell dimensions change reversibly and 

radically with humidity is indicative that water can· 

readily enter and leave the crystal, and that these sites 

were partially occupied under the conditions of the 

experiment. Disorder in the water structure is evident in 

the close approach across two-fold axes o~ 0(7) to another 

0(7) and similarly 0(10) to 0(10); for if the close 

approaches are due to hydrogen bonding one must invoke 

disorder to descrj_be the hydrogen atom positions. 

One can identify three hydrogen bonds in Table V 

which must be ordered, since they are between water and 

carbonyl oxycen atoms. The other distances in the table 

provide only four and one-half bonds for the other five 

llydrogcn atom::; .i.n tlw anymmctric un1t, und all of these 

bonds have the possibil:Lty of alternate configurat·ion::; for 

the hydroc;cm. 'i'lw :1 ack ot u :;atinfactory unique hyclroc~en bond 

coni'.Lr~urat.i.on may eontr:Lbute to the caae w:i t~h whicll wuter 

can escape from the structure. 
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TABLE I 

ATOMIC COORDINATESa 

aNumbers in parentheses here and in subsequent tables 

indicate estimated standard deviations of the ieast 

sienificant digits. 

(Table to be reproduced photographically) 

• 
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4T0"1 X y l 
FE -. 3965 ( 1) 0 -1/3 
SR -. 4-8029( 7) -.34732(6) -.39066(.7) 
0 ( 1 ) -.7.399(9) -.2714(6) -.3044(9) 
0(2) -.3769(9) -.3256(7) ..;..2931(8) 
0(3) -. 3931( !I) -.3003(7) -.5013(7) 
0(4} -.6430(7) -.5199(AJ -:.6147(8) : 
0(5) -.562716) -·3996(7) -. 5308( 7) 

0(6) -.5023(6) -.4609(6) -.3872(6) 
0 ( 7) .110(1)- .069( l) ~.399( u 
0(8) • 277( lJ .079(1) -. , .. 21 ( 1 ) 
0 ( q) .155(2) • 229 (1) -.291:l(2) 
0 ( l 0) -.066-(2) -.317(2} -.099(2) 
NCll '-. 3 49Q (6) -.-0604(6) -.2624(7) 
NC2J -.3582(6) .0645(6) -.2140( 8) 
N(3) -.4396(6) .0705(6) -.3976(7) 
COl -.307(1) -.291(1) -.3'•4( u 
CC2) -.310(1) -.277.(1) -.464(1) 
((3) . -.589(1) -.476(1) -. 5 4't( 1) 
Cf4) -.;55 9 ( 1) -.51112(9) -.4~5(1) 

C(5J -.3fl20(Q) -.1206(9) -.191(1) 
c ( (,) -.339(1) -.-156 ( 1} -.145(1) 
(("() -.262(2) -.132(1) -.176(1) 
CCBJ -.;139(1) -. 02 1H 11 -.298(1) 
c ( 9) -.222(1) -. 065 ( u -.255(1) 
co 0) - .. 2703(8) -.0325('>) -.296( 1) 

c ( lJ) '-.317.l(fl) .0927(fl) -.125(1) 
C(12! -.2835(8} .1602(9} -.056(1J 
c (13) -.3052(0) .2193(0) -.Q698( 9) 
c (14) · - • 3 7 R '~ ( q ) .2716(9) -.190 (1) 

c ( 15) -.4249(8) •2618(8) -.279(.1) 
C-l 16) -. ft924-( 8) .1826{8) -.tt53(1) 
C(17) -.5072(9) • u·r c u. -.522(1) 
c ( 18) -.4603(7) .0623(0) -.ltq}9(9) 
c (1 9) -::.3547(8) .212'5(0) -.161(1) 
c ( 20) -~4488(7) .1931(7) -.3%4(9) 
c ( 21) -. l~2 45 ( 7 I .1355(01 -.3308(9) 
CC22) -.3774(61 .14't8(8) -.2329(9) 
H( ll -.443 -. 1'•2 -.167 
H(2) -.368 -.206 -.()f3Cj 

HC3l -.231 --.150 -.143 
H(4) -.JOJ -.051 - .27l 
H ( 5) '-.290 • 0'' fl -.110 
tH 6) -.7.47 • 1 (>(, .012 
H ( 7) -~2fl4 • 2 (>f; -.Dl!l 
H(8J -.363 .321 -.14-1 
H(9) .- • r;t. 3 • 30 1• -.295 
IH 1 Or -.512 .2?.2 -. 4 75 

"JJ 

H ( li) -.S37 • ll1 -. 594 
IH 12) -. ~~ ') 2 .013 -. 5't2 
u ( 1 3, -.271 -.212 -.490 
H(l4) ·-.610 --.566 -.424 
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17. 

TABLE II 

ANISOTHOPIC THERMAL PARAMETERS, J\2 

··-

(Table to be reproduced. photographically) 
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liTO"\ 1311 B22 A33 812 R13 B23 
FE 3.24(fl) 2.7642 2.12( 8) 1.38(6) -.07(4) -.14-02 
S'1 7.16(7) 4.92(5) 3.54(4) 4.12(5) 1.03(it) .31(4) 

0! l I 8.3(8) 8.0( 7J 5.7(5) 4. l( 6) -2.<Hf>J -1.9(5) 
0(2) 8.6(8) 5.0(6) 3. 7( ~ J 2 .. A(5) .u 5) .2(4) 
0(3) 5.9(5) 6.5(6) 3.9(4) 3.6{51 .4(4) 1.7(4) 

0! '• I 6.2(6) 8.5(7) 5.6(5) s. u 6) -1.7(5) • 4( 5, 
Q(<;) f-.0(5) 5.5(6) 4.8(5) 4.2{5) -.4(1t) .6{4) 
DC~) S.7(5) 4.7(5) 2.2(4) 3. l( 4) -.4(31 • 2 ( 3, 
Q( 7) 12.Q(13) 10.0( ll) 9.1(8) 5.1(9). ~ 1 ( 8) -.7(8) 
0 ( 8) 15.0(141 14.6(151 8.5(9J 3.1(12) 1.1{9) -5.7{9) 
Q(C)) 17.7Cl'H 15.lt(l7J 17.lHl6) 10.0(15) -6.1(15) -5.1(141 
O!lOJ 27.3(27) 18.6(20) 20.1(19) 17.5(1QJ 11.1(191 5.9(16) 
N ( 1 J 3.6(61 2.7(5) 3.1(4) 1.4('•) .2(4) .1(lt) 

N«?.J 3.5(5) 3.5(5) 2.6(4)' 1.9(4) -.4(4) • l( '•, 

NC 3) 3.El(5) 3.5(5) 2.0f'+J 1.9(1t) .2(4) -.0(41 
c ( 1 ) 7.6(11) 5 ·'~ ( 9 , 4.3(8) 3. 9( 9) -2.1(91 -1.5(7) 
c ( 7.) 7.4(10) 5.5(0) 3.0(1) 3.~( R) -.4(6) .4(61 
c ( 3 ) 5.7(6) 6.occn 2.2(~) 4.3(8) -.4(6) .• 3( 6) 
(( q 4. 2 ( 7) 6.2( 0) 3.2(6) 3.1( 7) .7(6) • I ( 6 I 
c ( 5) 4.8(8) 3.9(7) 3. fH 6 J 2.1J(6) -.8(6) -.9(5) 
c ( '> ) 7.1(11) 6.2(9) 3.4(7) 4. u 8) .1 ( 7) • 3 ( 6, 
c ( 71 9.6(13) 7.9(11) 6.1( q) 7.2(10) .-2.8(10) . -2.lt(9) 
c (fl) 7.3(11) 11.9(16) 5.8(101 7.0(12) -.3(13) .0(9) 
c ( 9) 5.5(9) 7.4(10) 4. 7( 7) '•• 0( AI -.4(71 .0(81 
C !l.Ol 3.fJ(7) .'t. 6 (r;} 3.3(6) 1o'H6J -1.0( 5) -1.0('5) 
r c tu 2.9{6) 3.'1(7) 3.7(61 1. 11(5) -.4(5) • 5 ( 5) 
c ( 121 3.0(71 lt.0(7) 3. 2 ( 6, 1.4(6) -.4(5) -.8(51 
c ( 1 31 3.6(6) 3.7(7) 2.7(5) • q t 5) -.6(5) -1.6(~)) 

c ( 1 41 4.7(81 '•·Hfli 3.'t(6) 2.3(&J • 4! Cd -.2( 5) 

C!l'>l 4.6!71 2.7{6) !,;.0(7} 2.7(6) 1.':{6) 1.1(5) 
c !16) 4. 3 ( 7) 3.8(6} 4.2(6) 2.3(6) -.3(5) • 9( 51 
c ( 1 7) ·3. 8 ( 7l 5,;8(fl) 2.9(5) 2.1;(6) -1.0(5) .0(5) 
c ( 1 8) 3.3(6) 3.6(6) 2.5(5) 1.2(5J. -.2(51 .5(4) 
c ( 1 9) 3.9(6) 2.3(')) 3.1(5) 1.5(51 .5(51 -.6(5) 
Cl20l 3.2(5) 2.13(6) 3.2(5) 1.6(5) .3(4) .2 ( 5 J 
c ( 21) 3.2(6) 3.7(6) 2.2(5) 1.5(5) • 5 (4, .3(5) 
C!7.21 2.9(6) 3.!:,(6J z. H 5) 1.3(51 .614) 1.1(5J 

• 
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TABLE III t9 
.. 

DIST/JlCES A liD ANGLES nl 1'HI~ Fe phen3 CATION · 

· DiStances , i 

Fe - N{i) 1.96(1) C(5) -.C(6) 1.39(2) C(13) - C(19) 1. 39{2) 

Fe - N{2) 1. 98( 1) C(6) - C(7) 1.32(3)· C(14) - C(15) 1.33(2) 
··-

Fe - N(3) 1.97(1) C(7) -C(9) 1.1.4(3) C(15) ~ C(20) 1.46(2) 

~~ ( 1) - C(5) 1.30(2) C(8) - C(8) 1.26(4) C(16) - C(17) 1.38(2) 

il ( 1) - C(10) 1.36(2) . C(S) . - "c(9) 1.44(3) C(16) - C(20) 1.37(2) 

11(2) - C{11) 1.33(2) C{9) - C(10) . 1.39(2) C{17) - C( 18) 1.39(2) 

1~(2) - C{22) 1.35(2) C(10) - C(10) 1. 38(3) C(19) - C(22) 1.41(2) 

r:(3) - C(18) '1.33(2) C(11)- C(t2) 1.33(2) C(20) - C(21) 1.39(2) 

N(J) - C(21) 1.36(2)' C(12) - C(13) 1.36(2) C(21) - C(22) 1.43(2) 

Angles, deg. 

N(1) -Fe -ii( 1) 82.9(3) C(6) -C(7) -C(9) 119(2) C(16)-C(17)-C(18) 120(2) 

Ii(1) -Fe -H(2) 92.2(5) C(S) -C(8) ·-C(9) 123(2) 11(3) -C(18)-C(1?) 122(2) 

:~(1) -::·e -ii(2) 89.4(5) C(7) -C(9) -C(S) . 128(2) . C(13)-C(19)-C(14j 125(2) 

. ( ) . ' " 1 -!'o :_E(3) ·. 94. 7(6) C(7) -C(9) -G(10) 116(2) C(13)-C(19)-C(22) 117(2) 

;;( 1) -:i-'e -::(3) 171;.6(7) C(0) -C(9) -C(10) 116(2) C(14)-C(19)-C(22) 118(2) 

··(z) -· . .:' -.te -:l{2} 177.9(3) H(1) -C(10)-C(9) 123(2) C(15 )-C(20 )-C ( 16) 12/,.(2) 

::(2) .. ;('!' -3(3) 82.9(5). H(1) -C(10)-C(10) 116(2) b(15)-C(20)-C(21) 117{2) 

;;(2) -::'c -:T(3) 95.6(5) C(9) -C(10)-C(10)_ 121(2) C{i&)-C(?.O)-C(21) 110(2) 

"('>) n :. ·.J -rc -H3) 8e.1(3) ~(2) -C(11)-C(12) 1?'' ( ')) ,,L,. ~ H(3) -C(21 )-C(20) 123(1) 

C(~) -:1(1) -C(10) 11~~(2) C(11)-G(12)-C(13) 1 ;!.2(2) U(3) -C(21)-C(22) 116(1) 

C( 11 )-::(?.) -;-C(2?.) 11'/(2) . C(12)-C(1~)-C(19) 11 ~l (2) C(20)-C(?1 )-C(~;.J V•:'(2) 

C(·Jf.:)-::(3) -C:C!1) 117(2} C{15)-C(14)-C(19) 1:-:'2(2) ~(2) ~C(22)-C(19) 12?.(2) 

::(1) -C(5) -G(6) 123(2) C(14)-C(15)-C(2Q) 122(2) · ~(2) -G(22)-C(21) 11(,(1) 

• C(~) -C(6) -C{7) 120(2) C(1'1)-C(16)-"C(?.O). 119(2) C(l9)-C(22)-C(21) 1 ~1 (2) 
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TABLS IV \ 

DICTlL:!CES iUID :~HGLES Ll '1'1-IE BIS(A:!TI.HO'·JY 'J.'ARTRA'l'E) A;UON 

Di ~:tD.nces, 0 
Jl 

$u - 0(3) 1.94( 1) 0(5) - C(3) 1. 27 (2) 
. . 

s;) - O(G) 1. 94(1) 0(3) - C(2) 1 .L~~-(2) 
-· 

Sb - 0(2) ?..11(2) 0(6) - C(/.J 1 .1~1 (2) 

Sb - 0(5) 2.16(2) C(1)- C(2) 1.50(2) 

0 ( 1) - C( 1) 1.21(2) C(3) - c(!~-) 1.50(2) 

0(4) - C(3) 1.26(2) C(2) - C(2) 1.1~9 (1.) ./ 

0(2)- C(1) 1.28(2) C(/.:) - C(4.) 1.56(3) 

Angles, Dee. 

0(2)-Sh -0(3) 79.7(6) 0(1)-C(1)-C(2) 117(2) 

0(2)-Sb -0(5) 153.5(7) 0(2)-C( 1 )-C(2). 116(2) 

0(2)-Sb --.0(6) <:.'') 'l(,.) u,... :.> 0(3)-C(2)-C(1) 111(2) 

0(") ~· .) -uo -0(5) g4.9(5) 0(3)-C(2)-C(2) 109(2) 

0(3)--Sb -C(6) "'00 ,. (" ) I· • .. ; \) C(1)-C(2)-C(2) 112(2) 

0(5 )-:Jb ~0(6) '/9 ·' ()) O(!.)-C(:3)-0()) 12~3(2) 

Sb -O(;:-J)-G(1) 1lr "(e) :..? • ,) I o (J..)-c ( :3 ).~c (1 •. ) 11')(;)) 

Sl ,) .. o{:~ )-C(?.) 11'1.3('/) 0(5)·-C(3):...c(;..) 1"W(r)) .) 4· • 

Sb -0(5)-G(3) 11 :-J. 0 ( '1) 0(6)-C(/~-)-G(3) 111(2) 

Sb -0(6)-C(I;-) 11:3.()('1) 0 ( 6)-C (~. )-C (/+) 112(~) 

O(-l )--C(1 )-0(2) .. ')"(2) j._ I " C ( 3 )-C (L;.)-C (I.) 108(2) 

.. 
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TABLE V 

DlSTA~CES A:m A:JGLl':S lNVOLVIiW \/J\'l'l~H OXYGEN ATOHS 

Distances, R 
0(7) -0(7) ' 2. 73(/+) 

·- 0(7) -0(7) 2.77(3) 

.0(7) ...0(9) 2.93(3) 

0(7) -0(8) 3.03(3) . 

0(8) -0(1) 2.74(2) 

0(8) -0( 10) 2.90(/+) 

0(9) -0(1) 2. 8i~ (3) 

0 ( 1 0) -0 ( 1 0) 2.C9(~) 

0(10)-0(4) 2.73(3) 

Anc.;les, Dog. 

0(7) -0(7) -0(7) 135 ( 1) 

0(7) -0(7) -0(8) 109(1) 

0(7) -0(7) -0(9) 91. ( 1 ) 

0(7). -0(7) -0(8) 95(1) 

0(7) -0(7) -0(9) 11<J(1) 

o (n) -O('/) -o(<J) 103(1) 

0(1) -0(8) -0(7) 101 ( 1 ) 

0(1) -0(1\) -0(10) 105 ( 1 ) 

.. c J ('I) -n ( n) -:o ( 1CJ) '/(i( j) 

0 ( l ) -0 ( 9 ) -0 ( '7) r (\ ".· ) 1 ~k) ll 

0(~) ~0(10)-0(8) 11 :2 C1 ) 

0(~) -0(10)-0(10) 11 ;) ( 1 ) 

O(B) -0(10)-0(10) 12·': ( 1 ) 
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LEGEND CAPI'IONS 

Figure 1. -·Diagram of the ferrous tris ( 1, 10-phenathro1ine) 

cation indicating the numbering system used. 

Fic;ure 2.-Diagram of the bis(antimony tartrate) 

illdicating the numbering system used. 

anion 

F'ic;ure 3. -Stereoscopic view of the (-}589Fe phen
3 

2+ ion. 

Figure 4.-Stereoscopic view of the bis(antimony ~-tartrate 

ion. 

Figure 5.-Stereoscopic packing diagram as viewed down. 

the c axis. 

)2-

Figure 6. -Stereoscopic view showing the wo.ter oxygen structure . 

. Atoms 0(7) through 0(10) represent vmter oxygen atoms; 

0 ( 1) and 0 ( 4,) represent tartrate oxygen atoms. 

, 

.: 

.. 
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H(9) H(8) 

')(15).Ct4) . 

\ 

' · H(7) 

H(IO) . . " I 
')osl!20l C(l9l-cu3l· 

· \ "" \ "" H(2) 

. H(IIY'"C(I7) C(21)-' C(22) C(I2)'H(6) I ' \ ' 'H(U / C(G)..__ H(3) 
" '\. C(5) · C(7)/ 

C(J e)- N(B) N(2)- C(~l) \ \ 

\ 

',, : H(5) 
. • I N(l) 

H(l2) '• ! ,-' ............ /C(9) ' ,,' C(IO) ............ 
H(l2) ,• F'e '• I C{8)/H{4) 

/C(I~~N(.;)~~' ,: ··-. __..C(IO) I .· 

I 
N(l)~ ........... · C(S) 

H(ll)-c( N(2) . . ·~(5) I " / ' 

I 
17) · / -c(oil C(9) · H(4l 

C(21) . I . I . / --c <22> Huf<
5

> · ·. 

C(l6) . . . ' ·. I C( " C(7) 
H( / -C(20) · / Jl)-H(6} C(G)_.......... ' 

10) I C(l9)..._ . I . H(3) 

/ 

C(J3) H(2) 

C(J5) . I 
/ -c(l4) H<7> 

H(9) I 
H(S) 

... 



rf(l3) H ( 13) · . 
0(1)· 0 (I) . 

\\ \ I II 
_. 

c < 1 >-- .. _.c(2):w C(2) C( i) 

/ I I " 0(2) 0(3) 0(3) 0(2) 
•' ... 

• .. •• • • • • •• • • •• •• • ·"' • • •• • • • •• • •• • • • • • • •• • • • • •• . . • . • • • • • •• : • •• • • 
Sfl Sb ., •• 
•• • ' •• • ' •• •• • I • • • I . , •• • 

•• •• •• ' • ' I •• • • ••• •• • • • • 
• . .. •• \ • .. • .. • • 

O{CJ) O{G) o'e> 0(5} 

" I I / 

.. 
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APPE:-IDIX 

'l'ADLE 01«' OBSKlVED STRUCTURE F~C'l'ORS FOR FEHROUS THIS (1, 10-PliElfANTlltOLINE) 

BIS(AN1'IHONY TARTRATE) OCTAIIYDRATE 

· ...... 



. 30 
OBSERVFD STRUCTURE. FaCTORS• STANDARD OF.VIATIO~S. At-!D DIFFERENCES (X 3.0) FOR 
FE++(1~10-PHEN~NTHROl1NEJ BIS(SB TARTRATEJ OCTAHYDRATE. F(o.o.:lJ = 5516 

FOB ta'IO FCA AO, F. THF ORSERVfO ANO.CALCULATEO ST~UCTU~E FACTORS. 
SG = ES TI to,~ TED STAtJDA~O DEVIHION OF FOB. DEL /FOB/ - /FCAI. I 

~ ! 
$ J'!O T:: A Tf:S ZERO WEIGHTED DATA. ;) . 

l FOB sr. DEL l FOB SG DEL l FOB SG DEL l FOB sr; DEL l FOB SG )El 
H,K= o, 0 9 0 27 -5* 11 33 26 -8 8 57 10 6 H,K= 1 t 2 ~ 

3 332 12 32 10 21 29 1* 'i•K= o. 9 HwK= o, 14 0 151 6 6 
6 65 6 -8 11 115 7 11 1 81 f) 5 1 149 8 -3 1 430 15 -15 
9 43~ 16 9 12 0 29 -40C: 2 301 11 -1 2 0 26 -3of; 2 577 21 46 

12 86 8 12 H,K= o. 5 3 160 7 -1 3 94 7 10 3 641 23 25 
H,K= o, 1 1 58 13 -1 4. 0 27 -24* 4 0 27 -5ft 4 290 11 22 

1 629 22 7 2 398 14 41 5 102 6 13 5 93 1 4 5 278 10 4 
2 7f;S 27 84 3 619 22 17 6 59 8 -2 6 0 30 -17~ 6 185 8 0 
3 49 5 -7 4 0 21 -4* 1 44 9 4 7 0 29 -6* 7 94 b 2 
4 445 16 -n 5 Ol 9 -14 8 170 8 9 HrK= o, 15 8 40 q 19 
5 417 15 5 6 586 21 -3 9 0 32 -14* 1 0 29 -19~ 9 232 9 -5 
5 202 r. 22 7 152 7 -4 10 169 8 3 2 0 27 -1* 10 76 8 -6 
1 40 8 -2 8 2!> 28 5* 11 82 8 5 3 73 8 2 11 1l't ·7 -3 
8 66 7 -4 f) 212 9 -13 H.K= o, 10 4 123 8 -1 12 190 9 -13 
9 105 7 -9 10 59 8 8 1 24 19 15 5 0 32 -51.< H.K= 1. 3 

10 23~ 10 -12 11 88 8 -3 2 124 7 1 6 0 29 -23* 0 480 17 -6 
11 60 9 1[1 12 40 12 2 3 232 9 8 H.K= o, 16 1 279 10 18 
12 90 8 -2 H,K= o, 6 4 51 8 6 1 60 9 -15 2 277 10 31 

Ht.K= o. 2 1 106 5 -8 5 0 27 ·-32* 2 45 12 -2 3 24 10 6 I 
I 

1 252 9 16 2 96 5 6 6 48 14 4 3 61 9 -4 4 90 5 -1 
2 t.?. 4 -14 3 4"'" ,, 12 1 1 7.24 9 -14 4 0 ?Q -5t: " 441 ln -4 
3 389 14 37 it 370 14 -2 8 120 . 7 -1 5 154 8 2 6 181 8 -2 
t, 4f.O 17 7 5 98 6 -2 9 ?.03 9 9 H,K= o, 11 7 209 A -4 
5 31 9 -3 6 A3 7 -8 10 23 2q 4* 1 57 10 -4 8 164 7 -11 
6 26 11 1 7 95 10 6 f.f,K= o, 11 2 78 9 -4 q 111 7 1 
7 485 18 -15 8 17~ 6 1 1 88 6 -2 H,K= lt 0 10 20 26 15* 
8 11 11 -10 9 231 10 -6 2 213 9 6 0 491 18 -1 11 43 11 zr 
9 RO 6 25 10 60 9 0 3 41 10 16 1 l~37 16 1~ 12 131 8 -4 

D 64 8 2 ll 158 8 b 4 226 9 -13 2 353 13 C!t H,K= 1 ' 4 
ll 121 7 3 12 () 26 -14~ 5 0 24 -3* 3 221 8 9 0 326 12 -11 
12 23 29 pte H,l<:= o, 7 6 154 8 8 4 139 6 1 1 665 24 2 

~t, K= o, 3 1 59 5 ~a 1 103 7 15 5 242 9 15 2 50~ ~~ 31 
1 19 lq -c~ 2 274 10 7 8 22 28 14* 6 178 7 -3 3 16S 7 -7 
2l2QR 46 -C) 3 3~"" u _, 1 1 3 9 68 9 26 7 33 14 21 4 177 7 -0 
3 177 7 23 4 354 l3 17 10 0 32 -28* 8 257 10 -4 5 294 11 -4 
4 48 B -4 5 140 7 -2 -t,K= 0' 12 9 53 ll 0 6 194 fl -!> 
5 4Cj ~ 2 6 25C) 10 -2 1 307 12 -3 10 f.5 B -1 7 162 7 -£:-
6 133 6 4 7 13R 7 -1 2 150 7 3 11 0 2R -11~,~ 8 ?00 B -7 
7 243 10 6 R ~7 R 2 3 106 7 -10 12 55 10 0 q 85 7 -b 
B 23f-t q -8 9 156 8 0 4 59 8 -3 HrK"" 1, 1 10 16R fl 1 
9 135 7 -9 10 27~ 9 6 5 204 q -5 0 3q 13 4Q 11 f-,(, q -3 )i 

1=> 149 q 2 11 23 29 '1* 6 0 26 -23C< 1 513 1R 47 12 77 !l 2 
11 14!'-. 8 -7. H,!t:= o, 8 7 36 13 8 l 144 6 1 H,K= l, 5 
12 51 12 -5 1 21fl 9 -2 8 0 2B -3¢ 3 1 1 r; 5 23 0 210 B 4 • 

~,'<= o. 4 2 177 7 5 9 6Ft q -9 4 138 6 £l 1 3C5 11 -28 
1 (, t, r:, 23 bt. 3 1 O:J 6 -1 H,K= 0' 13 5 2 ~;3 10 ll 2 q') ') 4 
2 62f> 22 7 " 1~4 6 -3 1 64 7 10 !» 85 5 9 3 347 13 -1t. 
3 ?.5 IJ 3 5 450 17 12 2 109 7 -t. 7 ?.fB ll -13 4 451 1 6 q 

r. en 22 ?<I· (, D ? t, -14* 3 l2R 7 12 Fl 2 f~ '1 1 1 -'·~ 5 3') 1 l J <"" 

c:; 3 ~' R (:- 7 p,r; 7 3 4 29 n (> q 71 ~' JO ~ 6 17'1 B -t, 
f- l ~) 21 -~« 8 261 J 1 -12 5 0 ?.~ -?.7ix 10 1 q!t q -2 1 c,o !l -- #' 

' 
7 -zn 1 1 1 q I 3:'1 7 0 6 102 7 1 ll qc; 7 0 A n 7 - 1 
8 1 31 7 -14 10 0 27 -5* 7 22 31 -1 <• 12 Ml CJ 3 ') 111 

., _., .. 
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DBSERV!:O ST~UCTU~FS HCTORS ( CONTJ FOR 31 

FE++(1,10-PHE~~NTHRQLI~E) BISCSB TART RATE J OCTAHYDRATE. PAGE 2 

l F'J8 SG DEL l FOB SG DEL t· FOB SG DEL l FOB SG DEL L FOR s:; DEL 
10 7& 7 6 1 .. 8.9 6 -11 H,K= l, 16 10 266 11 -13 H,K= z, 8 

'C 11 J.09 7 4 2 171 8 -9 0 32 19 -11 11 49 10 -1 0 169 7 -7 
12 91 9 -a 3 209 9 -12 1 40 14 -2 12 65 9 9 L 421 15 -8 

1-f., I(: 1, 6 4 247 10 2 2 83 8 -8 H,K= 2, 4 2 154 7 -2 
'..· 0 190 8 3 5 69 1 -9 3 97 a 4 0 278 10 -19 3 104 6 2 

1 143 6 -2 6 82 1 -1 'i,K= 2, 0 1 111 5 6 4 110 6 -1 
2 125 6 1 1 117 1 -1 0 459 16 32 2 13~ 6 -1 5 154 1 -0 
3 145 6 1 8 86 1 1 1 243 9 10 3 333 12 1 6 98 7 1 
4 212 8 -7 9 119 8 a 2 686 25 22 4 527 19 -3 1 149 7 0 
5 323 12 -6 10 107. 8 4 3 27 8 -0 5 256 10 -2 8 88 7 5 
6 73 6 1 H,K= 1' 11 4' 61 5 -10 6 95 6 4 9 31 24.-11 
7 154 7 -5 0 99 6 -0 5 462 17 -2 7 223 9 -2 10 60 9 4 
B 197 8 -3 1 125 7 -10 6 43 9 -3 8 101 6 1 11 109 8 5 
9 61 8 -3 2 107 6 -8 7 233 9 -7 9 114 7 -3 H,K= ?, 9 

10 83 1 4 3 105 7 -2 8 132 7 -2 10 47 10 2 0 36 11 3 
11 50 11 10 4 127 7 -13 9 0 27 -5~ 11 49 10 3 1' 16't 8 -10 
12 82 8 -1 5 178 8 -5 10 53 9 -7 12 57 10 4 2 16S 7 -1 

!-1,1<= 1' 7 6 124 7 5 11 255 11 -2 H,K= 2t 5 3 224 9 -2 
0 436 16 5 7 77 8 -4 12 39 18 39 0 126 6 7 4 205 9 -5 
1 291 11 -.3 8 5~ 10 3 H,K= 2, 1 1 249 9 5 5 57 8 9 

2 245 9 1 9 40 14 -4 1 263 10 27 2 525 19 -2 6 219 9 2 
3 314- 12 -8 H,K= l.t 12 2 308 11 -8 3 188 8 0 7 50 9 8 
4 289 11 -11 0 143 7 -6 3 511 18 22 .4 93 5 2 8 95 1 -7 
5 254 l.O -5 1 124 1 -2 4 211 8 9 5 82 6 -10 Q llR 7 8 
!> 1 7!3 A 3 2 75 1 -a ~ 363 13 3 6 107 6 -2 10 96 8 4 
7 21B 9 -4 3 71 7 -11 6 500 18 -7 1 18 24 -14* H,K= 2, 10 
9 144 7 2 4 0 27 -0* 7 243 10 7 8 155 7 -4 0 148 7 -4 
q 147 8 b 5 0 26 -6101 s .. - 76 6 5 9 119 7 ~6 1 105 6 -1 

I) 161 8 6 6 86 7 1 q 173 8 -12 10 120 7 -4 2 8') 6 -ll 
11 40 14 8 1 121 7 10 10 50 10 10 11 78 8 -~ 3 83 7 -4 

H,K= 1, 8 8 32 19 3 11 121 7 5 12 62 10 -2 4 19 26 10* 
!) 7.47 10 -7 H,K::: 1' 13 12 95 8 -8 H,l<= 2, 6 5 277 11 -3 
1 1 R6 . 8 -12 0 7S 1. -11 .H,K= 2, 2 0 227 9 2 6 120 7 5 
2 180 8 -6 1 61 8 2 0 594 21 2 1 160 7 -6 7 73 8 -6 
3 3ft C) 13 -10 2 ll2 7 -4 1 209 B 20 2 511 19 -9 8 167 8 2 
~ 0 23 -24~ 3 117 1 5 2 545 20 20 3 445 16 -o 9 7'> 8 5 
5 247. 10 1 it 63 8 -4 3 401:) 15 20 4 382 14 -5 H,l<= 2t 11 
5 125 1 5 5 37 13 -ro 4 105 5 -4 5 143 7 3 0 1t-9 8 3 
7 93 7 3 6 122 8 6 5 76 .5 1 6 .lll 6 -1 1 112 7 -12 
8 35 1 t. -9 7 79 8 6 6 un 8 5 7 213 9 -4 2 63 8 3 
9 85 8· 13 B 63 10 5 1 254 10 4 R 48 q -5 3 58 F3 --2 

10 45 12 .-6 H,K::. 1' 14 8 215 C) -7 9 65 8 (> 4 107 7 13 
11 R1 8 2 c qc: 7 .; q 171? s 6 10 31 18 -5 5 77 7 -1 

H9 K= 1' 9 1 52 9 5 10 141 7 -o 11 119 8 4 6 79 7 2 
~: (' 11:) 6 '-3 2 52 .C) 5 ll 137 8 -4 H,K= 2, 7 7 !12 8 -4 

1 134 6 4 3 f.t 9 :...z 12 51 11 12 0 126 6 -5 s 96 s 4 
2 R2 6 -6 4 !12 8 -7 H,K= .2. 3 1 57 6 -7 9 47 12 -2 

• 3 133 1 9 5 11 0 8 ·9 0 292 11 -It 2 .198 B -10 ff,.K= 2, 17 
.4 1 en A -1 6 56 10 -1 1 '•67 17 -8 3 327 12 -1 0 54 A 4 

5 3l 13 -10 7 53 11 -3 2 444 15 4 4 23 18 -3 1 136 7 -6 
(, 19 26 -13* H,K= 1' 15 3 142 6 2 5 65 6 -1 2 f,CJ fl -3 
7 1 fl't B -10 0 96 1 ,.-Q 4 254 10 14 6 351 13 -5 3 117 7 -2 
Fl 8'> 7 10 ) 21 2R -21* 5 229 C) 2 ·r :.n 11 -2 ft 6? q -4 
9 &~ Et -17 2 n 28' -5t: 6 B2 6 -1 8 0 27 -2C~ 5 131 7' 1 

1:> 8!> 8 12 3 50 11 -14 1 84 5 -1 9 79 7 -3 6 27. ?B -2* 
If' K= 1' 10 4 0 ?A -2* 8 .66 1 -'-3 lO 104 7 -1 7 39 14 -10 

J 183 8 -5 5 81 8 1 9 34 14 -3 -11 23 30 -4* 8 107 0 2 
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OBSEPVED STRUCTURFS FII.CTORS ( CONT) FOR 
FE++(l,lO-PHEN~NTHROLINEl BJS(SE\ TARTRATE) OCTAHYDRII. TE. PAGE. 3 

l Pl9 SG DEL l FOB SG DEL l FOB s~ DEL l FOR SG DEL l FOB SG DEL ! 
H,K= 2, 13 3 121 5 -2 5 .·. 97 ~ -4 1 2:) 26 -10* 6 265 10 q 

:> 36 13 -3 4 172 7 6 6 120 7 -2 2 62 8 -6 7 l9R 8 4 . •' 
.-, 

1 36 13 0 5 381 14 -17 1 175 8 4 3 131 7 -1 8 240 10 13 
2 115 7 0 6 88 6 -5 8 77. 7 -2 4 f\2 7 4 9 208 9 -4 
3 3!> 18 -5 7 97 f, -1 9 111 7 3 5 103 7 11 10 173 8 7 
4 118 7 9 8 33g l3 5 10 112 7 -2 6 53 9 4 11 58 9 -1 
5 0 28 -27"' 9 75 7 1 11 57 10 -17 7 80 8 0 12 95 7 1 
6 32 19 13 10 97 1 5 !irK= 3' 1 B 57 10 -2 H,K= 4, 2 
7 117 8 0 11 53 10 2 0 242 q -4 H9 K= 3, 12 1 246 q 4 

H,l(::: 2, 14 12 52 11 6 1 190 8 -3 0 50 9 -3 2 443 16 l3 
:> 37 13' 10 H,K= 3, 3 2.262 10 5 1 0 25 -19* 3 310 11 1 
1 57 9 9 0 514 19 -12 3 137 6 2 2 157 8 -8 4 277 10 -l 
2 31 19 -7 1 94 5 -1 4 156 1 3 .3 107 1 -0 5 306 11 0 
3 70 8 -15 2 290 11 18 5 95 6 -3 4 67 8 -3 6 221 9 5 
4 32 19 -18 3 168 7 -10 6 104 1 -7 5 65 8 -1 7 165 1 2 
5 95 R -1 4 61 5 1 7 150 1 -6 6 105 8 1 8 32 13 -1 
6 33 20 -2 5 297 11 -10 8 100 7 -4 7 86 8 5 9 71 1 -4 

H,K= 2, 15 6 101 6 -1 9 101 7 6 H,K= 3, 13 10 115 7 -2 
0 102 8 2 7 190 8 -14 10 71 8 -3 0 0 26 -26* ll 136 8 0 
1 0 2R -24* 8 16S e -4 11 187 9 -6 1 60 8 -15 12 47 12 3 
2 ::> 28 -24* q 21D 9 -6 ~,K= 3, 8 2 61 8 5 H, K = 4, 3 
3 51 11 -3 10 162 8 4 0 5R 6 1 3. 53 9 0 1 277 10 13 
!to 23 30 -1S~ 11 88 8 3 1 257 10 -10 4 109 7 -2 2 130 6 -2 

H,t<:= z, 16 12 '52 11 3 2 34 10 0 5 82 8 -2 3 408 15 3 
j 53 11 3 H,K= 3, 4 3 164 1 -4 6 40 14 -7 4 225 9 13 
1 147 8 3 0 I en 6 -1 4 197 8 J H!K= 3r It.. 5 53 ~ 5 
2 24 30 -lC~ 1 365 13 21 5 87 7 -4 0 77 8 -6 6 414 15 2 

H,K= 3, 0 2 2~fl 10 3 6 210 Q -4 1 39 14 -5 7 P.8 6 -12 
:> 38 7 -35 3 389 14 1 7 97 7 -12 2 63 9 -:-0 8 0 25 -l~tl: 

l 46? 17 31 4 l!-9 7 18 8 115 7 7 3 64 9 0 9 1 '·"- 7 -3 
2 223 8 17 5 263 10 -4 9 0 27 -B¢" 4 0 29 -2211: 10 1-00 7 7 

3 98 6 12 6 b3 6 -7 10 40 14 12 5 41 14 -6 11 50 11 --c7 
4 1<)7 8 -3 7 1~1 6 -4 "f,K= 3, 9 H9 K= 3, 15 12 58 10 -1 
5 57 5 12 8 141 7-13 0 285 11 -13 0 40 14 5 H,K= 4, 4 
~ 220 9 -6 9 57 e -'-13 l 40 9 6 1 77 8 -2 0 216 9 -21 
7 3 21 12 20 10 42 11 1 2 113 b 4 2 74 9 6 1 187 7 1 
9 257 10 3 11 32 19 20 3 220 9 5 3 47 12 -5 2 3115 14 5 
~ lOB 7 -5 12 147 8 -4 4 167 8 .;.6 H,K-= 4, 0 3 135 6 4 

D 146 7 -12 H,!(= 3, 5 5 166 8 -11 0 282 10 17 4 189 B -3 
11 37 15 27 0 55 6 -4 6 126 7 -1 1 30 9 -9 5 62 !> 4 
12 32 1Q 17 1 ?c3 8 -3 1 81 7 8 2 197 8 -17 6 191 B -14 

H,K:: 3, 1 2 2fl5 11 -17 8 87 1 -0 3 177 7 -1 7 217 9 7 
1 2Q4 ll 26 3 58 6 -1 9 72 8 -4 4 29:1 11 -2 8 152 1 f, 

2 578 21 70 4 473 17 8 10 47 12 0 ~ 248 9 -10 9 161 3 -2 -' 

3 380 l'+ 17 !:, }f,l. 7 3 H,K= 3' 10 6 47 7 11 10 9? 7 -7 '}. 
4 4()1 15 13 6 3D 12 -2 0 194 8 -4 7 35R 13 -5 11 123 8 -7 

5 183 1 -5 7 313 12 -2 1 62 7 -1 s 51 9 .2 H,K= 4, 5 
!:, 339 13 8 8 70 7 1 2 98 1 -10 9 10 7 14 0 25 12 -ll 
7 45 B -9 9 t,!:, 10 -3 3 83 7 -9 1C: 77 8 -3 1 264 lJ 2 a I 

8 0 24 -25~ 10 97 7 -14 4 71 7 -5 11 115 7 -5 2 3't9 13 -5 
Q (· 7 7 -1 11 39 14 -2 5 168 8 -11 12 4b 1 t, 13 3 271 10 1 

10 152 a 1 ~rK= . 3, 6 6 59 8 -(, H,K= 4, 1 4 261J 10 3 
11 139 8 B 0 173 7 -19 7 53 9 4 1 128 5 6 5 87 6 4 
12 82 8 -0 1 319 12 -21 B 45 12 -5 2 205 6 -5 6 119 6 -3 

H,K= 3, 2 2 128 6 2 9 0 29 -23* 3 157 6 14 7 lll 1 -(, 

1 222 8 5 3 132 6 1 H,K= 3, 11 4 57 5 -6 8 .40 12 -4 
2 J 0'• 5 -12 4 93 6 -o 0 216 9 -1 5 143 6 0 9 59 8 5 
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OBS~RVEO STRUCT'URFS FACTORS ICONTJ FOP. 
FE++(l~lJ-PHENaNTHRJLINE. BJS(58 ~ARTRATE) OCTAHYDRATE. 

L FO~ SG .DH 
t:) 98 7 2 
11 46 12 -6 

'"f,K= 4, 6 
Q> 289 11 -17 
1 74 5 -8 
2 134 6 -e 
3 62 6 -10 
4 116 6 ·z 
5 292 11 -a 
s 113. 7 -5 
7 44 10 -2 
8 9S 7 -12 
":] 1&!3 8 1 

lJ 4'3 12 -1 
11 66 9 ~8 

H,J<= 4, 7 
:l 82 b -2 
1 195 8 -9 
2 2::>'> 8 -12 
3 131 7 -7 
4 161 7 -7 
5 127 7 -7 
5 225 9 4 
7 12 8 6 
8 18.3 8 4 
9 88 8 -3 

1~ 13?. 8 5 
H,t<= 4, 8 

:> 161 7 -7 
1 173 8 -7 
2 144 7 4 
3 201 8 -6 
4 1 (·1 R B 
5 BB 7 -5 
s 49 10 -C) 

7 8~ 7 9 
B 61 q -4 
9 11'3 Jl 0 

D. 47 12 3 
~,K= 4, 9 

0 69 7 -3 
1 a& Eo -4 
2 1 ~~ fl -2 
3 73 7 2 
4 12 (,. 7 -4 
5 77 7 1 
5 124 7 3 
7 52 9 2 
~ 5~ 10 5 
':j 57 10 -2 
~t.v..~ 4, 10 

) 1 C) 2 6 -9t: 
I 1:,7 8-27 
2 l?'i 7 -3 
3 '-) 1 7 2 
r. 9') 7 ?. 
5 110 7 7 

l FDS 
6 '5.7 
7 58 
8 107 
9 67 

SG DEL 
9 -4 
9 D 
8 1 
9 :...2 

HrK= 
0 72 
1 145 
2 122 
3 97 
4 103 
5 53 
6 137 
7 32 
8 :> 

4, 
8 
7 
7 
1 
7 
9 
8 

19 
29 

11 
;_5 

1 
-4 
-6 

7 
-14 
-2 

-17 
-47* 

H,.IC= 
0 66 

-4, 12 
8 14 

1 56 9 
2 21 27 
3 74 8 
4 49 10 
5 63 9 
6 32 19 
7 75 9 

2 
13* 
-5 
10 

3 
3 
2 

H' r..= 
0 1~8 
1 88 

4, 13 
7 -4 
8 -6 

2 44 12 
3 45 12 
4 P2 8 
5 73 9 
6 :> 30 

H,K= 
o ~s 

1 fl9 

4, 
10 

9 
2 73 9 
3 87 6 
4 33 20 
H 1 ~= 4, 

0 4 7 12 
H,K= 5~ 

0 527 19 
·1 33 7 
2 115 5 
3 4'S5 17 
4 227 9 
5 53 9 
6 ~C) 6 
7 3Cl 9 
n 1:>5 6 
9 33B 13 

-5 
6 

-7 
1 

-24¢ 
14. 

1 
-1 

7 
4 
3 

15. 
5 
0 
5 

12 
-4 

-11 
-13 

4 
15 

9 
-5 

3 
-2 

8* 
l 0 42 12 
11 22 28 
l/' 2 2(> 10 -17 

5, 1 
6 1 

H,l(:: 
1 1 51'! 
2 163 
3 141 

7 -1 R 
6 -0 

L FOB 
4 459 

:5 119 
6 194 
7 285 
8 19 
q 28 

10 36 
11 86 
12 91 

H,K= 
1 502 
2 27 
3 228 
4 148 
5 lE-1 
6 24 
7 130 
8 156 
9 121 

10 133 
11 0 
12 97 
~,K= 

1 229 
2 30() 
3 275 
4 216 
5 175 
6 148 
7 61 
8 125 
9 89 

10 65 
11 183 

H,K;= 
1 277 
2 174 
3 173 
4 16 
5 347 
6 80 
7 46 
8 118 
9 21 

10" 38 
11 46 

!i,K= 
0 474 
1 77 
2 23 
3 265 
4 76 
5 183 
6 72 

. 7 93 
8 108 
9 196 

SG DEL 
17 24 

6 8 
8 9 

11 8 
26 7* 
22 -43 
13 8 

8 -16 
8 7 
5, 2 

18 -4 
10 -11 

9 3 
7 6 
1 11 

19 -7 
7 5 
7 -13 
7-11 
7 8 

28 -3911< 
8 3 
5 t 3 
9. 8 

11 5 
10 1 

9 -9 
7 -1 
7 -7 
7 1 
7 -0 
7 -2 
R 4 
9 -9 

5' '• 
11 -10 

7 -3 
7 12 

22 -30:: 
l3 -2 

6 -4 
9 -8 
7 -2 

27 -4* 
13 6 
12 11 
~. 5 

17 -29 
5 -5 

1 A 3 
10 -2 

!> -4 
8 ·- 2 
7 -4 
7 -'i 
7 -10 
9 11 

L FOB SG DEL' 
10 90 8 18 
11 52 11 17 

H,K= 5, 6 
0 126 6 -12 
1 251 10 13 
2 152 7 -8 
3 248 10 1 
4 191 8 4 
5 233 9 -7 
6 131 7 -7 
7 0 27 -12* 
8 125 7 2 
9 85 6 1 

10 79 8 7 
HrK= 5, 7 

0 302 11 -21 
1 110 t; -2 
2 134 7 -8 
3 20!) 8 -8 
4 2c:;2 11 3 
5 47 q -8 
6 56 9 0 
7 216 9 -1 
8 96 7 4 
9 qs s 2 

10 40 14 -12 
H,J~:: 5 7 R 

o 51 8 -a 
1 112 6 -9 
2 187 8 11 
3 82 7 -6 
4 H 8 -9 
5 20 27 -llt: 
~ 5~ 9 -4 
7 95 7 -7 
8 2228 -8~ 

9 132 8 10 
H,K= 5, 9 

0 95 7 -11 
1 128 7 . -3 
2 114 7 -2 
3 62 8 -10 
4 131 7 8 
5 133 7 -3 
6 79 7 1 
7 1M 8 -3 
8 45 12 7 
q 33 20 2 

H,K= 5, 10 
0 42· 10 4 . 
1 lf-1 8 -8 
2 144 7 -5 
3 166 8 -2 
4 7!'1 7 -4 
c; 37 l "· 2 
6 139 8 5 
7 6!1 q -7 
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PAGE 4 

L FOR SG DEL 
8 0 29 -15• 

H,i<= 5, 11 
0 104 7 9 
1 55 9 -8 
2 63 8 -3 
"3 109 7 5 
4 43 ll 2 
5 38 14 8 
6 39 14 3 
7 23 30 -19* 

H,K= 5, 12 
0 41 12 -4 
1 7IJ 8 1 
2-- 31 19 -2 
3 0 2B -l3* 
4 0 28 -19* 
5 40 14 11 
6 74 q -8 

H,K= 5, 13 
0 141 8 -4 
1 45 12 -8 
2 99 8 6 
3 100 8 b 
4 0 29 -16* 

H,K=, 5, 14 
0 23 30 -t·* 
1 n 79 -n * 
2 75 8 11 

H,K= 6, 0 
0 282 11 6 
1 26 10 -b 
2 141 6 -2 
3 210 8 1 
4 161 7 -4 
5 114 6 4 
6 310 12 -5 
7 306 12 5 
8 162 8 -8 
9 132 7 1 

10 85 7 1!3 
11 0 28 -50t: 
12 74 9 l 

H,K= 6, 1 
1 359 13 -20 
2 307 11 -6 
3 175 7 4 
4 523 lq -4 
5 132 6 3 
6 194 8 -lO 
7 lR5 8 -1 
8 33 14 4 
9 76 A 0 

1 0 1 5? R f) 
ll fl.7 ['. -3 
12 41 1? ?:0 

H,K= 6, ? 
1 2?.5 C) ') 



OBSERV~D STRUCTU~~S FACTO~S (CONT) FOR 
FF++(1,1D-PHE~\~TH~JLINEJ ~JS(SB TARTRATE) OCT~HYOR~TE. 

l Fag 
z 154 
3 295 
4 153 
5 152 
~ 353 
7 5~ 

8 104 
9 155 

D 53 
11 112 

H,K= 
1 207 
z 35ft. 
3 294 
4 1.6{,. 
5 0 
& 21g 
7 115 

SG DEL 
7 9 

ll 3 
7 !) 

7 8 
13 1 

8 3 
1 
8 
9 
8 
6, 
8 

13 
11 

1 
23 

9 
1 

-4 
·-5 

2 
1 
3 
4 
1 

-7 
-1 

8 1'>7 9 
9 151 8 

-13'.< 
6 

-3 
8 

-3 
2 

-3 
10 5'- 10 
11 69 9 

H,K= £:., 4 
1 lOQ 6 7. 
;>?57 10 -4 
3 1S1 7 -2 
4 2~7 10 -D 
5 23? 9 1 
~ 113 7 -2 
7 131 7 2 
!\ 7t. 7 7 
Q 154 8 4 

1:) 79 8 -2 
11 23 30 --B-:< 

H,l(= 6, 5 
1 £-.2 6 2 
2 10:) 6 9 
3 81 6 -7 
4 12'5 (;. -!> 
5 21=1 9 l 
6 lC)~ 8 r; 
7 c 2'1 -1 ?.~· 
G 19q 9 -10 
Q 31 19 2 

1:) 135 8 12 
H,K= 6, 6 

::> 8S 11 -lt. 
1 13l· 7 -11 
2 2?5 9 7 
3 1?4 1 ?. 
'• 1 :n ,, -? 
,, I ''· ·r f, 
'· '· I I I I . I r; 
f 1111· I ~~ 

tl '1 I ·1 'I 
CJ (\C) 13 -0 

JC 11:> A 1 

l FOB SG DEL l FOB 
H , K = · 6 , 7 0 82 

0 42 9 -2 1 57 
1 209 9 -17 2 41 
2 252 10 1 3 85 
3 117 7 -8 H,K= 
4 14S 7 -2 0 48 
5 20 27 ~14~ 1 284 
6 8ft. 7 -3 2 57 
7 7~ 7 5 3 143 
8 58 9 7 4 142 
9 5~ 10 -10 5 509 

H,K= 6, 8 6 121 
0 124 7 -3 7 37 
1 73 7 -7 8 310 
2 139 7 -15 9 105 
3 65 9 -3 10 68 
4 49 1D 4 11 0 
5 61 R -4 H,K= 
Q OQ 7 -9 1 131 
7 98 7 4 2 222 
8 85 8 -11 3 256 
q 97 8 -2 4 1~0 

H,K= 6, 9 5 180 
0 99 7 6 6 13R 
l ?23 9 -7 7 !~S 
2 92 7 2 8 157 
3 84 7 -7 9 99 
4 7B 7 -4 10 141 
5 67 e -o 11 tos 
A 127 7 -5 H,~= 

7 45 12 7 1 243 
B q1 8 2 2 149 

H,r.:: 6, 10 3 304 
0 4S 10 5 4 120 
1 131 7 3 5 201 
2 51 9 -3 6 103 
3 8~ 7 1 7 19 
4 9~ 7 3 8 121 
~ 1~ 8 -2 9 192 

SG DEL 
8 3 

10 2 
14- -8 

3 1 
7,. 0 
b 5 

11 -5 
5 -1 
6 2 
6 11 

19 
6 

1R 
12 

7 
8 

3 
5 

-1 
6 

12 
1 

28 -12* 
7, 
6 
9 

1 
-3 
-4-
11 
12 
-5 

10 
7 
8 
7 4 
? -3 
8 -5 
7 -6 
8 5 
8 -1 
7, 2 
q -13 
7 5 

11 -5 
6 1 
8 -7 
6 -2 

26 15i.' 
7 -1 
9 9 

6 75 8 3 10 0 2R 
1 23 30 3* 11 52 11 

-16>:: 
10 

H,K, 6, 11 H,K= 
0 1'1 ?1 -3(< 1 96 
1 ~~~ A 1 2 lAC 8 
7 53 9 -3 3 169 7 
3 &~ R -6 4 244 10 
4 10~ ~ 6 ~ 18 24 
5 79 8 3 6 37 11 
6 L~ 14 6 7 283 11 
H,<~ ~, 12 R 105 7 

n r0 n 1 9 ~7 ~ 

. I I '• II - (, 1 f) ·71 II 
!'.! II ••(, 11 t,7 I: 

:\ 99 n -1 tl,!".= ., ' 
t, '· l I ;-, 2 I 1 fl'l 
5 113 R 3 2 154 ., 
H,K~ 6, 11 3 Rl 

3 
-7 
-0 
-f, 

8 
-4f;. 

-5 
-10 

7 

(I 

4 
- :~, 

-1 
-6 

L FOB 
4 40 
5 120 
6 72 
7 140 
8 162 
9 98 

10 72 
.H,K= 
1 30 
2 108 
3 178 
4 101 
5 69 
6 5& 
7 105 
.8 64 
9 90 

10 52 
H,K:: 

1 255 
2 69 
3 176 
4 69 
5 120 
6 119. 
7 104 
8 22 
9 32 

H,K= 
0 2t.t 
1 127 
2 27 
3 67 
4 114-
5 58 
6 79 
7 111 
8 32 
9 f.6 

H,K= 
0 116 
1 120 
2 87 
3 67 
4 36 
5 115 
6 102 
7 39 
B 81 

u,K= 
0 ;J ]II 

I 1
,., 
'· 

.' Ill 
3 f) f; 
1• I 0 I 

SG DEL 
9 -B 
7 3 
1 -1 
1 4 
B 3 
7 0 
9 1 
1, 5 

12 3 
6 3 
B 1 
6 3 
1 -12 
9 -2 
7 6 
8 2 
8 -14 

11 4 
7, 6 

10 -10 
7 -8 
8 -1 
1 -8 
7 6 
7 -4 
1 -8 

28 16* 
19 14 
7' 7 

10 -9 
1 -1 

21 -o 
7 -2 
1 2 
8 -1 
7 2 
B -1 

19 -2 
9 5 
1 t 8 
7 2 
7 -1 
7 -1 
8 -2 

l3 0 
7 2 
7 -7 

14 -3 
8 -12 
7, 
<) 

7 
'l 
9 ., 

9 
-3 

., 
' 
7 

5 !15 B -t~ 

6 32 J.t) -c. 

l FOB 
7 87 

H,K= 
0 43 
1 57 
2 136 
3 138 
4 54 
5 0 
6 66 

H,K= 
0 61 
1 '50 
2 100 
3 60 
4 124 
5 78 

H,K= 
0 23 
1 77 
2 101 
3 74 

H,K= 
0 322 
1 176 
2 142 
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SG Df.l 
8 H 
7' 10 

11 7 
9 -4 
8 11'> 
8 14 

10 3 
28 -37* 

q 4 
7 t 11 
9 -6 

10 6 
8 -7 
9 8 
8 !> 
q 7 
7, 12 

29 -7* 
8 -4 
8 4 
9 7 
s, 0 

12 -14 
7 2 
6 -12 

3 183 8 
4 221 9 
5 94 s 
6 0 24 
7 33 14 
B 40 13 
9 51 10 

-7 
-P 

-35* 
24 
21 
10 
-') 10 125 7 

11 61 10 
fl, 
5 
6 

3 
1 

-1 
-I 

ff, K"-' 
1 97 
2 1 ?5 
3 205 
4 l!H 
5 185 

9 -15 
8 -1 
8 9 

6 1 R6 8 
7 182 8 
8 54 8 
9 21 27 

10 120 8 
11 2 3 30 

H;K= 8, 
l 60 6 
2 356 13 
3 0 73 

n 
-0 
-5 
i.7* 

3 
-7~' 

2 
-7 
C-7 

'• ?0? R r; 
'• I ;• n 7 -- '• 
r. '• .' I IJ 
7 2 '• 'J I 0 '• 
H I '· [~ 1 ;> 
9 ')?. 7 

1 0 6'1 q 1• 

' <& I 
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FE++l1.10-~HE~~NTH~JLI~E) P.ISfSBTARTRATE) OCTf.HYDRfiTE. PAGE 6 

L FllB SG DEL L FD3 SG DEL l FOB SG DEL l FOB SG DEL L FOB SG GEL 
11 82 8' -6 4 148 8 2 9 11 8 8 H,K= 9, 9 9 40 14 8 

H,K= 6, 3 5 112 7 1 10 70 9 7 0 77 10 -5 H,K- 10, 4 
r: 1 256 10 -5 6 22 29 -4* · H,K= 9, 3 1 38 14 14 1 58 8 -1 

2 282 11 -.4 1 65 9 5 1 152 1 -5 2 50 10 14 2 159 8 -7 
3 174 8 -5 H,K= 8, 9 2 62 7 -2 3 50 11 1 3 59 8 -4 

~.; 4 185 6 8 0 69 8 10 3 156 7 -12 4 110 8 1 4 64 8 -1. 
5 79 7 2 1 77 8 6 4 168 8 13 5 47 12 -2 5 62 8 6 
5 110 7 -8 2 96 .1 7 5 144 7 -10 H.-K= 9, 10 6 80 1 -7 
7 103 1 -3 3 138 8 6 6 0 27 -10* 0 23 29 -9* 7 73 8 14 
8 135 7 4 4 54 10 1 1 142 7 -::9 1 51 11 -1 8 {»9 9 -11 
9 82 R 7 5 3q 14 -3 8 49 10 12 2 83 8 -9 9 24 30 -5* 

10 23 29 -6" 6 0 29 -26* 9 106 8 1 3 23 30 -6* H,K= 10, 5 
H,K= 8, 4 H,K= a, 10 10 111 8 8 4 24 27 8'!< 1 0 27 -32* 

1 89 6 -4 0 !'9 9 3 l.f,K= 9, 4 H;K= .9' 11 2 132 7 -9 
2 212 9 -1 1 44 12 3 1 204 9 -2 0 86 8 15 3 108 1 .6 
3 102 6 -1 2 11 8 2 2 133 7 -4 H,K= 10, 0 4 42 11 -3 
4- lOt. 6 -1 3 23 29 14* 3 159 7 -2 D 1% 7 9 5 21 27 -18* 
5 95 7 -6 4 100 8 11 4 141 7 5 1 107 6 18 6 22 28 -lf>* 
6 188 8 9 5 23 30 -12* 5 205 9 3 2 321. 12 -1.3 7 51 11 -5 
7 45 10 -6 H,K= a, 11 6 92 7 ~1 3 165 7 -3 8 78 ~ -7 
8 6fl 8 -3 0 76 8 11 1 77 8 4 4 72 7 2 H,K= .1{), 6 
9 123 8 -o 1 95 8 7 8 99 7 2 5 59 8 2 1 55 9 -2 

10 41 14 -5 2 57 10. 3 9 98 8 17 6 35b 13 -2 2 167 8 4 
H,K= s, 5 3 D 29 -10* H,K= 9, 5 7 70 8 10 3 10 8 -4 

1 28l 11 -3 H;K= 9, 0 1 71 7 2 8 95 7 1 4 30 18 -7 
2 150 -, -6 0 '+S 12 15 2 33 14 -15 9 125 fi -::s ~ 0 ll -2!.J* 
3 142 7 -10 1 21B 11-11 3 140 7 .-4 10 0 29 -14"' 6 78 8 5 
4 123 7 -4 2 56 6 11 4 143 7 2· H,K= 10, 1 7 .66 9 9 
5 44 10 -1 3 310 12 5 5 50 9 6 1 170 7 -1 H,K= 10, 7 
6 167 8 7 4 77 f. 0 6 85 1 -6 2 92 6 -3 1 142 B 5 
7 R?. 1 16 5 332 13 3 1 128 7 -0 3 188 8 7 2 31 18 -1 

.. 8 49 10 3 6 c;9 8 8 8 127 8 19 ,. 118 1 -3 3 f\2 8 2 
9 124 8 -1 7 16!> 8 4 9 82 8 1 5 83 7 1· 4 36 14 5 

H,K'= ~. 6 8 lD9 1 (:. H,~= 9, 6 6 193 8 9 5 56 10 3 
1 217 9 2 9 43 13 -1 1 77 1 -6 7 103 7 -4 6 66 9 2 
2 57 8 -1 10 128 8 9 2 96 7 0 8 82 1 2 H,K= 10, R 
3 211 9 1 11 4i 14 2 3 142 7 -0 9 125 8 -4- 1 77 8 5 
4 72 8 -1 ·H,I(= 9, 1 4 55 9 -4 10 78 9 4 2 45 12 2 
5 79 7 -2 1 132 6 1 5 56 9 3 H,K:: 10, 2 3 0 28 -34f;c 
6 164 8 3 2 zen n -1 6 87 1 9 1 132 1 6 4 40 14 -7 
7 69 e 6 3 )QI) 8 -2 7 90 s -12 2 32 13 12 5 23 30 -so-

" 51 11 6 4 zzq 9 -6 8 74 9 -2 3 91 6 2 H,K= 10, 9 
9 1DI3 q -7 5 1<:3 7 2 '"f,K= 9, 7 4 121 1 4 1 115 8 -10 

H,K= f.l, 7 6 14: 7 3 1 36 13 10 5 20 27 -16~' 2 lt6 12 4 
1 }(I~ 7 -8 7 179 8 10 2 117 7 12 (:. 124 7 12 3 84 A 5 

:.( 2 139 7 -R fl 172 f3 8 3 21 27 -11¥ 7 42 1l -5 4 92 q 3 
3 50 10 c q 31 19 -2 4 64 8 -1 8 54 10 16 ~1, K = 1rlt 10 
4 117 7 -1 10 r. :, p. 14 5 A2 fl 8 9 129 8 12 .0 134 fl -1 
5 99 1 -4 HoK= 9, 2 (- 32 19 5 H,K::: 10, 3 H,K= 11, 0 
6 0 27 -33<r 1 2 5"(- 10 -11 7 101 8 -6 1 105 6 -z 0 116 7 -o 
7 0 28 -15~ 2 115 6 -11 H,K= 9,, 8 2 100 7 4 1 311 12 -6 
B 125 8 4 3 132 7 2 1 14fl 8 -1 3 112 7 -3 2 105 6 B 

H,K:- 8, 8 '• 87 6 -2 2 43 11 -4 4 171 a· 15 3 169 R -l 
0 1 If• A -1 5 171 8 (-. 3 97 7 -4 5 211 9 2 4 1C5 7 4 
1 109 1 6 6 39 12 -5 4 31 19 -,3 6 29 ) 8 -5 5 19ft 8 -1 
2 93 7 -3 7 117 1 0 5 55 10 3 7 43 11 6 6 64 8 33 
3 47 10 -8 8 119 7 2 6 90 A 2 8 125 8 -9 7 21 29 1?* 
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L FO~ SG .DEL l FOB SG DEL L FOB SG DEL l FOB SG DEL L FOB SG DEL 
8 72 fJ 11 l 22 28 -s• 3 10 8 -1 2 32 19 -5 4 69 9 5 
9 64 q 12 2 84. 8 -7 4 23 29 -17('< 3 86 8 4 5 66 q 1() 

1::> 98 8 12 3 0 28 -12* 5- 145 B 6 4 57 10 -4 H,K= 15~ 2 ,, 
H~K= 11. 1 4 0 29 -24* 6 33 2J -2 HtK= 13, 6 1 51 11 -2 _, 

. 1 l3Q 7 4 5 23 30 -211!1: H,K= 12, 6 1 47 12 -2 2 60 9 8 

2 121 7 0 H,!C= 11, 8 1 39 H -1 2 0 29 -22f< 3 150 8 23 
·.! 

3 171 8 0 1 33 20 -17 2 0 29· -17* 3 95 8 11 4 91 8 0 
4 146·~ 7 6 2 33 20 -7 3 46 12 -20 H,K= 14, 0 H,K= 15, 3 
5 138 7 -0 3 84 19 10 4 90 8 7 0 105 7 -4 1 23 29 10* 
6 65 e -2 H,K= 12, 0 5 75 8 9 1 41 11 23 2 109 8 -2 
7 74 8 -2 0 53 9 3 H~K= 12-Y 7 2 132 7 2 3 33 15 20 
8 54 10 -4 1 38 11 -13 1 77 8 2 3 47 10 29 H,K= 16, 0 
9 57 10 3 2 171 A 3 7. 40 14 -5 4 81 8 5 0 0 30 -14« 

H,K= 11, 2 3 114 12 6 3 58 10 -12 5 BS 8 -11 1 23 2q 11* 
1 104 7 3 4 136 7 5 H,K= 13, 0 6 143 8 12 2 0 28 -24* 
2 81 7 4 5 0 27 -33* 0 83 7 7 7 23 30 4* 3 65 9 2 
3 205 9 1 6 66 8 -5 1 52 9 25 H,K:: 14, 1 4 74 q 12 
4 93 1 2 7 58 CJ 38 2 45 11 16 1 150 8 -5 5 24 30 2l<t 
5 272 11 17 8 50 11 -0 3 139 7 4 2 104 7 5 H, K= 16' 1 
6 37 13 12 C) 70 CJ 3 4 155 8 8 3 65 8 4 1 61 9 2 
7 72 8 -2 H,K= 12, 1 5 76 7 2 4 120 7 5 2 46 12 -1 
8 115 a -2 l 43 10 -2 6 44 11 37 5 119 8 .. 2 3 70 q 7 
9 41 14 -10 2 134 7 -10 7 146 8 7 6 40 14 -12 H,K= 15' 2 

Htl(= 11, 3 3 103 7 0 8 57 10 22 7 24 30 -2* 1 58 10 2 
1 39 12 -2 4 175 8 -7 li,K= 13, 1 H,K= 14 ,. 2 2 128 8 1 
2 145 7 2 5 144 7 -9 1 78 8 -5 1 61 9 4 H,K= 17, 0 
3 169 8 4 6 37 J.3 15 2 82 7 -9 2 !:3 10 5 0 23 32 -14~ 
4 123 1 1 7 59 9 -10 3 21 26 -3* 3 80 8 12 1 33 2::1 3 
5 157 R 12 G 94 8 9 4 161 8 -o 4 7'} 8 1 2 24 30 -4* 
6 61 9 0 H,K= 12, 2 5 92 7 11 5 0 29 -18* 
7 107 7 11 1 56 9 4 6 104 7 -1 6 107 B 10 
R 61 10 -5 2 181 8 13 7 123 8 0 H,l<= 14, 3 

Y,l(,. 11' 4 3 124 7 9 8 24 30 -1* 1 107 7 8 
1 132 7 1 4 36 l3 10 ~,K= 13, 2 2 0 28 -22.* 
2 61 8 -5 5 t:)~ 7 2 1 179 8 0 3 79 8 -4 
3 157 ~ 5 6 154 8 11 2 55 9 3 4 56 10 0 
4 125 7 9 7 32 19 13 3 37 13 9 5 53 11 2 
s 37 13 -11 8 57 9 5 4 31 18 18 H,K= 14, 4 
5 73 8 4 H,l<= 12, 3 5 66 8 4 1 23 29 3* 
7 121 8 0 1 233 10 10 6 75 B 3 2 83 8 13 
B 33 20 -4 2 29 17 11 7 132 8 20 3 96 8 7 

H,'<== 11, 5 3 135 1 3 H,K= 13, 3 4 llB 8 15 
1 55 9 7 4 102 7 5 1 77 8 9 . H,K= 14, 5 
2 94 1 0 5 62 9 Jl,. 2 83 7 -5 1 53 11 -3 
3 43 11 1 6 17.9 8 14 3 40 10 -2 2 53 I l " '• ··l"( 1 0 

., 
~1 !1 1 f) <3 '· R'J n ... :• II , t:'"' J ! ' ' n }' ., bh " lb lt,K= 12, 4 5 32 19 6 0 126 8 5 

6 ~~ 10 4 1 lJ'; 7 -o 6 80 H 9 1 101 7 -A 
7 1 'i3 ~ -4 2 144 8 7 H,K= 13, 4 2 102 7 CJ :i H,K= 11, 6 3 91 7 1 1 31 19 -3 3 117 7 -4 
1 1~5 R 7 4 ~8 9 4 2 44 12 -2 4 0 2B -24* 
2 69 B 3 c: 22 20 -9* 3 95 8 6 5 135 8 8 ·' 
3 44- 1 1 3 6 1 ~-4 8 10 4 0 28 -16* 6 0 29 -2~ 

~ 59 9 1 -, 58 9 A 5 127 8 20 H,K= 15, 1 
5 ~n n 7 H,l<= l?' 5 6 63 C) q 1 ·o 27 -)Fl"-' 
'• 0:1 I 1 f, I I J l. r. 6 1-f' K=· 1 l. r; ;> q:, II 

'1, IL· l I , ., I fl? ll 3 1 0 7!\ •. J :1 ~· c\ ,.,,.., 
fl • r, 
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r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, 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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