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The Crystal Structure of f-Ferrous-tris(1,10-phenanthroline)

Bis(antimonous g-tartrate) Octahydratel

By Allan Zalkin,* David H. Templeton, and.Tatzuo Ueki
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The compound E—ferfous-tris (1,10-phenanthroline)
bis(antimonous d-tartrate) octahydrate, F¢(012N2H8)3(04'

OgH,Sb) 5 *8H,

P3221. Threc formula units‘occupy a unit cell of

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

0, crystallizes in the trigonal space group

were measured by the st;tionary—crystal-st&tionary-éounter
téchnidﬁe:ﬁsing a scintillation counter and MoKa X-rays.

The structure was refined by full-matrix least-squares

to a conventioﬁal R factor of 0.048 for 1600 feflections
whose intensities were observed to be greater than their
estimated'standard deviations.’ The structure consists of

a férrous tris(1,10-phenanthroline) cation and a bis(antimonous
d-tartrate) anion. The iron atom lies on_a’two—fold axis
and ‘is Qctahedrélly-coordinated to the nitrogen atoms of
“the three phenénthroline‘groups at an avefage'distance

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

.in which each of the two antimohy atoms ié"coordinated

to four’oxygep atqms bf the tartrate; Sb-O distances

avérage 1.94(1) and 2.13(2) ﬁ respectively for alcohol and
carboxyl oxygen atoms. The'ébsolute configurations of |
the complexAibnb were_determihed by_the ariomalous dispersion
eflfect. The-catiqn,,A(-—)sagFe phen52+,vph¢n = phenantﬁroline,
hus a pscudo three-fold axis and rcscmbles a thrce-bladed |
.left—handéd_propeiler; the blades being thevplanaf
phenanthroline ligands. The configuratidn of the d-tartrate
in»the [Sb(})tartrate]zzf.ién is in agreement with previous

‘determinations.



Introduction
[aV AV oV oW oW oV oV oV oV oV VeV

Ferrous ion and 1,10-phenanthroline mdke octahedral
complexes which exist in enantiomers that can be resolved
by preCipitation of the f-isomer with antimony d-tartrate

as shown by Dwyer and Gyarfas;2 Professor R. E. Powell

-

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

N. S. Wales, 83, 263 (1950).

of thiS.University'provided us crystals of.this precipitate
and suggésted that we determine the structure and.ébsolute
configuration by X-ray diffraction to permit a check of
methods of éonfiguration determination by theoretical analysis

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

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

and T. Ueki, Acta Crystallogr., 21, Al54 (1966).

‘We show that the (--)-[Fe phen3]2+ which precipitates with
g—tartrate is inbthe conformation of a left-handed prbpeller,
in agreément with”the assignment of McCaffery, Mason and

4 ' . : : . . -
Norman™ on Lhe basis of analysis of circular dichroism,

i

(4) A. J. McCatffery, S..F. Mason, and. B. J. Norman, .

Ji Chem. Soc. (A), 1969, 1428.

3
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thus prdViaing a confirmation of the validity'of that method.

Another resuiﬁ of‘this study is that the antimony
tartrate,'which’has been formulated classically in tartar
emetic andrsimilar salts as "antimonyl tartrate,"

- . 5 'y - .
Sbo(C4H406) , or sometimes™ as H,0 Sb(C4H296) , exists

-

(5) H. Reihlen and E. Hezel, Leib. Annalen, 486, 213 (1931).
in this crystal as a cyclic dimer of composition ((C4H206)Sb)22".
In this‘compleX'Sb(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 foﬁnd by

Kiosse, Golovastikov, and Belov® in g,ﬁ—(NH4)ESb2(C4H206)2-4H20,

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

okl. Akad. Nauk SSSR, 155, 545 (1964).

by Kiosse, Golovastikov, Ablov, and Belov' in g-(NH4)2
5b, (C,H,05),*3H,0, and by Kamenar, Grdenic, and Prout®
in g,sz28b2(043206)2-3H20.r

(7) G. A. Kiosse, N. I. Golovastikov, A. V. Ablov, and

329 (1967).

Ve \.',

N. V. Belov, Dokl. Akad. Nauk SSSR, 177
(¢) B. Xamenar, D. Grdenic, and C. K. Prout, Acta

Crystallogr., Sect. B, 26, 181 (1970).




Eafiiér c‘onflicting‘repofts9 concerning”the g,ﬂ—K'salt

(9) D. Grdenic and B. Kamenar, Acta-C;ystallogr.; 16,

A40 (1963); 19, 197 (1965). - .

-

have been withdrawn,® and the dimer structure is the

only one known in crystals. - S

The_sampleaqf L-ferrous tris(l,lo-phehantﬁroline)
vbis(antimohous:g;tartrate) octahydrate consisted of o ‘ é
crystals of Sﬁall deép-red needles."A'fragment ~0.1 mm-
in diameter andiﬁo.s mm long was glued to a pyrex fiber,
and subseqﬁéht weissehberg photography showed the needle
axis to be ¢ of a trigonal unit celi. Cell dimenéions
and intehsiti¢3-Wer¢ measured with a manuai General Electric
XRD-5 X-réy diffraction apparatus equipped with a
quarter—cif¢le Eu1erian—crad1c goniostat, and a scinti1lation
counter with pulse'height discfiminatién. MdKa X—rays;
A= 0.70926 } for Ka,, filtered by a 0.005-in thick Zr
filtér on the recéiving slit‘weré used for the measuremehts.
Thg X~ray.tubc was operated at 40 kv and 20.ma. The
crystaikus so-opicnted thaﬁ the ¢ axis was parallél to
the ¢ axis of tho instfument. |

COQn (] I‘.or ton secreach were made  0:[‘ 1748 independent
reflections using a stationa;y—countcr stafionary+crysta1

teChnique}‘theSe include all the reflections whose indices



are pOolthG and whoee Bragg angles are 1ess than 22.5°%.
The_dlffraCtometer was set at a 4° takeoff'angle_to the-
tube. Background was’plotted ae e function of 26 and
these valuec were used for most of the 1ntens1t1e ; in
cases where background was affected by streaklng,
1nd1v1dua1-backgrounde were ‘measured. Typical backgrounds .
between 20° and 45°eof 26 were from 2 to 4 counts per sec.
- 0,3,2 reflection wee the largest intensity registering a
counting'rate:off7856 cps. 80 reflections were observed
te be equal to or below background, and an additional

64 hadeintenSities less than an estimated standard
deviation; in the least—squares refinements these daﬁa
were assigned_zeio weights. The data were corrected for
the Lorentz—polarization factors, and ne correction was
made for abserption. The absorption coefficient His
estimated to be 15 em™t.  Wo extinction correction was

f'ound necessary.

The

In the course of some experiments using CuKo radiation,

the cell dimensions~were observed to be very much affected
by relative numidity. When the relative humidity, as read
from a.simple Abbeon'Reiative Humidity‘Indicator, read | |
SO%Ithe‘trigonaI}cell dimensions were calculated to be

a = 18.55 and ¢ - :L2.oo_}\; at d.syﬁ';m—;ey swelled to-'w.el

and 12 04 K 'his behavior is somewhat similar to that we

obsczvcd in col]cctlng daia for ferrichrome-A. 10 Had we



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

J. Amer. Chem. Soc., 88, 1810 (1966).

had fluctuatidns to the limits of the two exttemes‘in
humidlty reported abové: the error in the 20 angle at 45°
with Mo X-rays 1is. about 0.15°; this does not ‘produce

a serlous}settlng_error, and 1nvfact no prqblem was noticed
during the manual cbliection 6f the data. With copper |

radiation, setting errors are serious; for at a comparable

sing/A vqlue'the error amounts to about'0.6°a We

collected some'BOOOfscanned intensities'bn‘a'second crystal

uging CuKa. radiation with an»automatic-diffractometcr, but

we abandoned the set for two reasons. We lacked confidence

in.the settings due to humidity changes thétvoccurred during the

two weeks reqﬁifed to collect the data, even though we
attempted daily’modifications of the cell'dimenéions.
Secondly, Cu_daLafsuffer mach more from absorption. We
méde saome refincments dsing-the Cu data,-ahd.the reéulting
coordlnatcs wcro w1th1n two utandard deviations of the
results from tho manually collected Mo data we report here
Four1er ]CJQL Qquares, and dLStance calculatlons were
pCJF01meu u,lng our own unpuﬁiLshLd prog ruMs on a Control
Data_Corporation_GBOO computer. The full-matrix i

least-squares program minimizes the function Ew(lFol -

i



IFcl)Z/fszoz; F and F are the observed and calculated
structure factors, and w is the weighting’factor. "Atomic -
scattering factors for Sb3+,

were used,ll’lz'

Fezf, neutral O, N, C and H

and both the real andfimaginary parts of

- -

(11) D. T. CromerlandﬂJ. T. Waber,‘Acta~Crystallogr., 8,

v

104 (1965). -
(12) R. F. Stewart, E. R. Davidson, and W. T. Simpson,

J. Chem. Phys., 42, 3175 (1965).

the anomalous dispersion correctionls for Sb.and T'e werc

(13) D. T. Cromer, Acta Crystallogr., ig; 17 (1965).

included in the least-squares calculationsg'vAnisotropic
temperature factors used have the form )

2, | . o
exp-(hPyy + K°Py, + 82,5 + 2hkB ., + 2hEB . + 2kLBys)

for convenience the thermal parameters are reported here.

B.., in units AZ, where B.. = 4p../a. a. g
as b, . in units ere e = 4D, /A . . . 18
’ ’ v > W C TR rlJv i@ i

13 _ J d o
Lthe ith rceciprocal Cell'length, The weighting on each

and a

rcflectjon,vyj was set to (a( ))"d wlth the exception

that w = O when I(net count)=o(I). The standard
‘deviation of the observed structure factor was calculated as

O(Fo)‘: F - (F5? -’sa(I)/Lp)l/z, where s is a scaling



factor, F_ = (sI/Lp)

1/2,-and Lp is the Lorentz-polarization -

’corréction;' a(I)':'(I‘+vp212 + 2B)1/2, whére p is an
estimated fractionalluncertainty in I, énd § is the
background A vélue of 2  '0.07 was found neces séry to
reduce the w01ghts of the 1ntense reflectlons so that
thelr_welghted r331dualé were cqmparablc_to those of lesser
intensity . |

Results
BEAV AV AV AV oV VW)

Unlt Cell and QR%SENQEREP .—The cell dlmen91ons are

a = 18. 08 + 0. O? and ¢ = 12. 04 +.0.02 A at ~24 the

accuracy is lJmJLcd by the humidity effect and these reported valuco'

are estlmated to have been measured when,the relative humldlty
was between 35 and.40%. The:obServed Laue symmetry of the

reflections is 5ml. The observed Setting'Of the symmetry,

I(hkf) = I(xhZ%), the-knowncasymmetry.of-the molecules, and

‘the observed absences where 004 # 3n, indicate the

l?l;and PJ221 as

the sole choices; anomalous dispersion effects. established

cnantiomorphic pair of space groups P3

the Space.group‘tc be P3221,c(Dg).. Allowing for three

formula units per unit cell, the calculated X-ray density

=

i 1.7 {"./.<:<’j..

Structuwc D<tcrmanl1on-~—The poqLLLono of the iron
[aV AV o Vo Vg Vo VS VI

AVAVAVIAN AV VLV A VAV eV a vy

and antimony aloms were readily determined from a

‘three-dimensional Patterson map. The iron occupies a



»

special ﬁosition on a'two—fold axis, and éll of the

other atoms occupy the general Six;fold set. A Fourier
phased on the Fe and Sb atoms resulted in the location of
19 of the”SS:non—hydrogen atoms. The partial structure

| ‘ , of 0.20. A |

was refined to an R factor, R = IAFI/ZI‘_F"O».
second Foufier revéaled the.remaining afoms with the
exception of the hydrogen and the water oxygen atoms.
Further réfinemeﬁtvof'the structure followed by a

differencé Fourier revealed four water oxygen atoms.

Hydrogen atoms did not show up very. well onvthe,difference

Fourier maps, and evéntuallyfthe parameters'of.all but the

water hydrogens'were included but constrained to their

estimated positions with a fixed isotropic thermal -

parameter of 5.0 A%, From the humidity effect it is
evident that water is 100$ely'bound'in this crystal and most
probébly occurs in its sites with partiaijoccupancy.. This

conclusion is supported by the large tempcraturé parameters

~of the water oxygen atoms. Since there is no clear-cut

ordered hydvogen. bond pattern in the water substructure,

- we could not costimate the hydrogen positions of the

watecr moloeculos.,

The results of the least-squares refinement are shown -

v_in.Tables I and II. Figures 1 and 2‘serve as guides to

the numbering system. - The refincment was arbitrarily started

in space group P3 21, but this was changed to P3,21 in



10.

order that the,configuration'of the d-tartrate would

be the same as that reportéd by Bommel and Bijvoet.l4

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

11, 61 (1958).

-

The final?gvfactof on 1600.non-zerovweightéd”data'is
0.048; the weighted R, factor, Z(AF)%/qufblz, is 0.056;
‘the standard deviation of an observation of unit weight
io1.07; and the R factor for all 1748 data, including

thc zero—wcightcd ones, is 0.057. A table ol observed and

calculated structure factors is available updn requeSt.ls

(15) Allisting'of structure faétor'amplitudeSgwill
appear immediaté1y fo11owing this article in the microfilm
edition of this_voiume_of the journal. Single copies may
bé'obtained_froﬁ the BusinessvOpérations_Office,'Bboks

and Journals Division,-AmericanvChemical SOciety, 1155
”Sixteenth St., N.W., Washington, D. C. 20036,'by réferring
Lo author, ﬁiL]e of article, vo]ﬁmc.und pase nuwnber,

Kemil §_ '“'for pLuLocopy or $____ for microfiche.

A difference function based on the final sel of
parameters was calculated. The maximum peak height on

this map was 0.8¢/A”. The largest peaks appcar ncar the
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antimony aﬁom,'buf‘no aﬁtempt was made Lo associate them
with any electron'paif structure. From-the.size of these
pcaks and their 'locations, it is evident that there is

no antimonyl type oxygen in thls compound

A series of refinements made with the‘anomalous

dispersion reversed, re&ulted in R increasing from 0.048

to 0.052 and R, went from 0.056 to 0.062. This is in

agreement'with'ﬁhe configuration for the gftartrate
determined‘by’Bommel and Bijvoet‘.i4 An}additional |
experiment to cheek the_ebsolute configuration was.perfefmed '
using CuKa'radiation to meaSure some 528 data representing
about 120 1ndependent reflections. The Af" for Fe and Sb,

respectively, is 5.5 and 5.8 electrons with CuKa radlatlon.

The Fe and'Sb,were‘refined anisotropically, carbon, oxygen
and nitrogen were included.With'isotropic'thermal parameters
bat were not refined‘ hydrogen atoms were omitted. The set
of 120 reflectlons reflned to R = 0.06 w1th the corrcct
conflguratlon,}when Lhe anomaloue dlsper51on effect was

reversed the R Lactor wcnt to O 10.

De:cr:gﬁkggwgf the Structure

AN NS N

Q

- The cation cons 1sto of an iron atom comp1cxod by
thrce plau¢1 phonanthroane ngdndu to form a lelt-handed
pxopolleletype eructure, sece Figure 3. In keeping with
JKLLH( nomen(laluxe proposa1 ;16 this ion would be'

<k.ur|1u<!zm; A;(fw),BQTO ph(n F, phen phonunhhrn)jnn.

'(10) lcnlalnva P»oposul& f01 Nomvn(la(u1v of Abuoluto

Conflgura11on" Foncornod wnih Six-Coordinated Comp]exc> qucd

on the Ocpahcdron, fnorg. Chem., 9, 1 (19{0)
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'

The idhfitself 1ies onva'crystallographic two-fold axis,
‘but its molecular_symmetfy is also‘very near1y three—fdid.
Thé iron atom is'coordinated to all sii hitrogen atoms of the
three phdhanthrdline groups‘at an averave'distance'of
1.97 + O 01 A A list of distances and angles in the
catlon is preuented in Table III.

The anlon cons1sts of a dlmer of antlmony tartrate
‘on a crystallographic two-fold axis. Figure 4 shows a
stereoscopic view of this ion. A list of distances and
angles of this anidn is shown in Table IV. Each antimony
is coordinated td fourvoxygen atoms from the tartrate
‘ligands, and there is no evidence in this study of any
_erther coordinatioh to the antimony, i.e., an antimonyi
oxygen; The’same comp]éx has beeh réported with very
_sjmilar shdpe'in thelstudies cited abové 6-8 Average
distances are 2.13 A for Sb-0 (carbonyl) and 1.94 K for Sb-0
(alcohol), somewhat shorter than the correspondlnn average
values repélted for the other crystals. (2.15, 2. 04),
(.18, 2.02)," and (2.20, 2.01).%

Ihe anion ond cation pack in a way which is not simple
to deécribé{ A stereographic viecw of‘thé structure looking 2
down thc‘thréo~fold axis is shéwn in Figure 5. The |
closcst approachféf'the cation to the anion occurs between
O(G)'in the anion and H(12Z) in the cation at a distance
~of 2.3 ﬂ 1ho clos est non-hydropcn approach is between O(v) in

the anion and C(13) in the cation at a distance of 3.16 A.
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'-The waterfstructure in_this.crystalAie»indicated in
Figure 6; in this figure‘all contact distances.less than
5.04 K are indicated with a connectlon The 0(7) water
mo]ecules form a spilal in the dlrection of the ¢ axis,
~and waters?O(B), (9), and O(lO) form a structure ‘with
'hydrOGen bonding to O(l) and .0(4) of the tartrate groups.
The temperature factors,of the water molecules ‘are large, which
probably represents,incomplete occupancy and'disorder. The
observatioh that the cell dimensions changevreversibly and
radically with humidity is indicative that water can
readily.enter and leave the crystal and that these sites
were partlally occupled under the conditions of the
‘experlment Dlvorder in the water structure is evident in
the close approach across two- fold -axes of 0(7) to another
o(T7) and'similarly O(lO)‘to_O(lO)i for if the close
_approacheé are due to;hydrogen bonding one must invoke
disorder‘to'desCribe the hydrogen étoﬁ pOsitions..

One can ideutify three hydrogen bonds in Table V
uwhich mustvbefordefed, since they are betWeenvwater and
curbonyl oﬁygen'utomS}_ The othcer distances in Lhe table
provide onlylf0ur and onc-half bonds for the other Tive
hydrogen atom”vln Lhe abymmotrlc unlt uud all of thesc
bonds havc Lho posolbll|ty of altornato conngulatlon fof
the hydrogen.'Thcviack o a uatlsfactorygunlque hydrogen.bOndl
.coufigufation muy contribute to the eﬁse;Wipu which wuter>v

can cscape {rom the structure.
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TABLE I

. ATOMIC COORDINATES?®

@Numbers in parentheses here and in subsequent tables
indicate estimated standard deviations of the least

significant digits.

‘(Tab_‘_lle‘ to be _rep‘rbduée’d photographica‘lly)



ATOM X Y g

FE . =43985(1) 0 S VA I
S8 L =.68029¢(T) -e34732(€C)  =439066(7)
0(1) =.2399(9)  -.2714(8) -+3044(9)
0(2)  -.3769(9) ~e3256(7) ~+2931(8)
0(3) -+3931(56) -.3002(7) -.5013(7)
. 0(4) -.6430(7) -+5199(8) ~.6147(8)
0(5) = ~.5627(6) . —a3996(7) ~.5308(T)
0(6) -~ =.5023(6) -e4609(6) -.3872(6)
0T S .110(1) - «069¢1) ~+399(1)
D(8) S W277(1) <079(1) - -.4621(1)
0t9) «155(2) «229¢1) ~.298(2)
0(10) -.06612) -.317(2) -.099¢(2)
N(LY =.3699(6) -<0604(6) —e2624(7)
N(2)}  -.3582(6) «08645(6) ~+214018)
N{3) - -.4396(6) .0705(6) -e3976(7)
c(1) S =e307(1) -e291(1) ~e344(1)
cr2y  =.310(1) -e272(1) -e466(1)
C(3) . -.589(1) ~e4T6(1) ~«544(1)
ce(a) ~.559(1)" -5182(9) ~e465(1)
C(s) . -.3820(9) =+ 1206(9) -.191(1)
Cee) - =.339(1) -.156(1) -.145(1}
C(7y - -.262(2) -.132(11 -e176(1)
c¢(8) -e139(1) . =e029(11} -.298(1)
c(ey - -,222(1) -e 06511 ~e255(1)
C(10} 1 -.2703(8) ~«0325(9} -e296(1)
con ~e3121(8) c0927(8) -.125(1)
ci{12y  -.2835(8} «1602(9} -.056(1)
c(13) -.3052(8) .21931(8}) -.0698(9)
C(14) C-e3784(9) «2716(9} -<190(1)
C(15) ~o62649(8) «2618(8) ~-.279(1)
(16} -.49264(8) «1826(8) ~e453¢11}
ce1m)y ~+5072(9) S117¢1). =~ 522(1)
C(18)  =.4803(7) .0623(8) ~.%919(9)
€(19) ~+3547(8) «2125(8) -.161(1)
c(20) ~.4688(7T) «1931(7) ~.3564(9)
cc21) L -e6265(7) " e1355(81 ~-.3308(9)
ce22) -«3774(8) .1448(8) -+2329(9)
H(13 -e643 - 142 ~.167
H(2) - ~.368 -.206 . =.08Y%
H(3} -e231. L -.158 -.143
H(G) -.103 -.051 B -.271
H{5) S =.298 0648 -.110
CH(6) =e267 e 10606  «012
H(T3 . -.286 268 -.015%
H(8} L =.363 : 321 : ~o141
H{9) ~olti63 . <304 -e295
HELOY =512 e 222 C=.4T5
HCLY) ~.%37 . elll ~«594
CHL12) - 602 .013 ~e542
H(13)  -.271 ' -e212 ~.490

H(14) ' -.610. ~.566 ~e 426
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. TABLE II

"ANISOTROPIC'THERMAL PARAMETERS, A%

‘(Table to be reproduced photographically)



ATOM
FE
Sa

- 0(1)

0(2)
0(3)
0(46)
0(5)
Dts)
ot7)
08
0(9)
o(i0)
M(1)
N(2)
N(3)
coer)
Ce2)
c(3)
Cts)
c(5)
C(5)
C(7)
c(8)
C(9)
€(10)
€(11)
c(12)
c(Lr3
C(l4)
C(15)
C(16)
ce1n
c(18)
c{19)
Ci20)
ci{z1)

ct22)

B1L
3.24(8)
701(’(7)

8.3(8)

8.6(8)
5.9(5)
6.2(6}
6.0{5)
5.7(5)
12.9(13)
15.0(14)
17.7(18)
27.3(27)
3.6(6)
3.5(5)
3.8(5)
Te6(11)}
T.4(10)
S.T(8)
4.2(7)
4.,8(8)

7.1(11) .

9.6(13)
7.3(11)
5.5(9)
3.8(7)
20(’(())
3.8(7)
3.6(())
4,.7(8)
4.6(7)
4.3(7)
3.8(7TY.
3.3(6)
3.9(6)
3.2(5)
3.2(6)
2.9(6)

B22 -
2.7642
4.92(5)

8.0(7) -

500(6,
6.5(6)
B5(T)
5.5(6)

T4 T(5)
'10.0011)

16.6(15)
15.4(17)
18.6(20)
2.7(51)
3.5(5)
3.5(5)
S5¢4(9)
5.5(8)
6.0(9)
6.2{8}
3.9(7}
6‘2(9)
T.9(11)
11.9(18)
Te4(10}
6.6(F)
3.547)
"’o‘O(")
- 3.7(7)
4608}

o 2.706)

3.8{(62
5.8(8)
3.6(06)
2.3(%)
2.B(6})
3.7106}
3.506)

B33
2.12(8)
3.54(4)
5.7(5)
3.7(5)
3.9(4}
5.6(5)
4.8(5)
2.204)
9.1(8)
8.5(9)

17.8(16}) -

20.1(19)
3e1(4}
2.6(4)
2.0(4%)
" 443(8)
3.8(T)
2.2(%).
3.2(6)
3.8(6)
3.4(T)
6.1(9])
5.8(10)
4.T(T)
3.3(6)
3.7(6}
3.2{(¢)
2.7(5)
3.‘0(6)'-
5.0(7)
4.2(6}
2.9(5)
2.58(5)
3.1(5)
3.2(5)
2.2(5)
2.115)

B12

1.38(6)
4.12(5)

4.116)
2.8(5)
3.6(5)
5.1(6)
4.2(5)
3.1(4)
5.1¢9).

3.1012) -
=6.1(15)
11.1(19)

10.0(15)
17.5(19)
1.9(4)
1.9(4)
3.6(8)
4.3(8)
3.1(7}
2.8(6)
4.1(8)

7.2(10)

7.0(12)
4, 0(8)
1.9(6)
1.4(5)

“le4(6)

«3(5)
2.3(6}
2.716)

2.3(6)
204(6’
1.2(5}
1.5(5)
1.6(5)
1.5(5)
1.3(5)

fl13
~«0T14)
1.03(4)
-2.9{6)
.1¢5)
«G(4)
-1.7(5)
—.l'('f’

: —.4(3,

«1(8)
1.1(9)

$204)
—eb{4)
«2(4)
_0(0(6)
. "0‘0(6'
« 716}
'08(6,
«1(7)
"208(10)
“.‘0(7,
-1.0(51}
—ek(5)
"010(5)
-06(5,
- 6 (0)
1.8 6)
-1.0(5)
.5(51
«3(4)
«5(4)
«614)

18

823
-.1602
«3114)
~1.9(5)
<204}
1.704)
T eh(5)
«6( 4}
«2(3)
-S.7(9}
-5.1(14)
$S.9(16])
ol({"
ol("’
"'00(“"
~1.5(71}
04(6,
316)
«3(6)

c=2.6(9)

«0(9}
.0(81
_100(5)
e 55}
"08(5)
~1.6(5}
1.1(5])
«3({5)
«0(5)
«5(4)
-e6{5)
«2(51}
«3(5)
1.1(5)



Fe ._ - N(i) _

Fe - N(2)
Fe = N(é)
K(1) - c(5)
(1) - c(10)
m2) - c(11)
K(2) - c(22)
n(a)_ -~ C(18)
K(3) - c(21)
K(1) -Fe (1)
1i(1) -Fe -”(2),
(1) -Fe  —ii(2)
(1) —¥e  =(3)
(1) -Fe  -5(3)
u(2) P -a(2)
#(2) ~Fe . =3(3)
i(2) ~?q -11(3)
n(3) <Fe -1(3)

¢(5) =1(1) ~c(10)
‘c(11)-:(2) ~C(22)
C(18)-1(3) -o(21)
(1) =6(5) -c(6)
6(5) -¢(6) -c(7)

' TABLE III

* DISTANCES AWD ANGLES IN THE Fe phen, CATION -

: f1.97(1)

-«1.39(2)

1.36(2)

1.33(2)

1.35(2)
1.33(2)

1.36(2)

32.9(3)
92.2(5)

- 89.4(5)
- 94.7(6)

174,.6(7)

177.9(3) -
82.9(5)
95.6(5) -

£2.1(3)
113(2)
117(2).

197(2)

123(2)

120(2)

1.96(1) |
1.98(1)

' ‘Distancés,
c(5) = c(6)
c(6) - c(7)
c(7). -.c9)
c(e)a.;’d(s)

.Mwiebw)
6(9) - 6(10)

~ (10 - c(1o)v

c(11) - ¢(12)
c(12) - c(13)

1.3é(é) )
- 1.32(3)

1.44(3)
1.26(4)

1.44(3)

1.39(2)
1{38(3)

:1.38(2)
" 1.36(2)

Angles, deg.

©(6) -6(7) ~c(9)

o(a) -6(2) ~c(9)

- ¢(7) -¢(9) ~c(8)
6(7) ~6(9) ~C(10)

6(3) -¢(9) ~¢(10)
(1) ~6(10)-C(9)
#(1) ~€(10)-¢(10)
6(9) -€(10)-c(10)

- 8{(2) ~¢(11)-Cc(12)
- c(11)-C(12)-¢(13)
o .c(12)—c(13)—c(19)

€(15)-C(14)~C(19)

- e(14)-C(15)-C(20)
e(17)-6(16)-5(20)

119(2)

123(2)
128(2) -

116(5)

116(2)

123(2)

116(2) |

121(2)

122(2)
122(2)

118(2) -

122(2)
122(2)

i19(2)

¢(13) = C(19)

c(14) = 6(15)
c(15) - €(20)

- ¢(16) - ¢(17)
- C(16) - ¢(20) -

19

.39(2)
.33(2)
-46(2)
-38(2)
.37(2)

c{17) - c(18) 1
c(19) - ¢(22) 1.41(2)
c(20) - c(21) 1
c(21) . c(22) 1

€(16)-6(17)-0(18)

(3) -c(18)-c(17)

- €(13)-C(19)-c(44)
- T¢(13)-C(19)-C(22)

C(14)-C(19)-6(22)

C(15)-C(20)-C(16)

c(15)-6(20)-c(21)

6{16)-c(20)-C(21)

n(3) -c(21)-c(20)
ti(3) ~C(21)-c(22)

C(20)-C(21)-C(22)

1,3(2) ~C(22)-5(19)
: n(z)'-C(zz)—C(21)

. c(19)-c(éz)-c(21)

.39(2)

.39(2)
.43(2)

120(2)'_
122(2)
125(2)
117(2)
118(2)
124(2)

117(2)‘

115(2)

123(1)

116(1)

120{2)
122(2)
116(1)

121(2)



DISTANCES AND AHGLES I THE BIS(AUTIMOTY TARTRATE) ANION

. - 0(3)

T
C
1

Sn - 0(6)

So - 0(2)

sb - 0(5)

: 0(1) - ¢(1)

0(4) - ¢(3)

-~ 0(2) - ¢(1) .

0(2)-5b ~0(3)

0(2)-8b -0(5)
0(2)-5b
0(3)~5b =0(5)
0(3)-$t  -C(6)

0(5)-5h

Sbo ~0(2)-C(1)

s -0(2)-C(2)

Sb - =0(5)-C(3)
So ~0(6)-C{4)
0(1)-C(1)-0(z)

~O(6)»

-0(6)

. PARLE IV

. Q
Distances, A .

- 1.94(1)

1.94(1)
2.11(2)
2.16(2)
.21(2)
.26(2)

-

-

-

.28(2)

©..0(5) - ¢(3)

0(3) - ¢(2)
0(6) - G(4)
6(1) = c(2)
c(3) - C(4)
c(2) -'c(2)‘
C(4) - C(4)

Angles, Deg.

79.7(6)
153.5(7)
§2.7(5)
84.9(5)
100, 5(6)
79.1(5)

115.5(8)

117.3(7)

115.0(7)

118.6(7)

127(2)

~0(1)-c(1)-c(z)

0(2)-c(1)-c(2).

0(3)~C(2)-C(1)

0(5)-C(3)~G(2)

-.0(6)—0(4)*0(3)

0(6)-C(4)~C(4)

C(3)-C(4)~C(4)

27(2)

1.44(2)

41(2)
.50(2)
.50(2)
.45(4)

1.56(3)

117(2)

116(2)

11(2)
0(2)-6(2)-6(2)
- 6(1)-C(2)-C(2)
0(4)-6(2)-0(5)

0(4)-C(3)-C(4)

109(2)

112(2)

123(2)

119(?)
118(2).

111(2)

112(2)

108(2)

20.



"TABLE V

= DISTANCES AND AJNGLES INVOLVING VATER OXYGEN ATOMS

Distances,

o) -o(n)

0(7) -0(7)
0(7) -0(9)
- 0(7) -o(8)
o(8) -0(1)
0(8) -0(10)
0(9) -0(1)
,',0(10) -0(10)
~ 0(10)-0(4)

~ Angles, D
o(7),~0(7)'~o(7)

o(7) ~0(7) -o(e)
S 0(7) =0(7) <0(9)
g 0(7).;0(7) -0(8)

- 0(7) ~0(7) ~0(9)

";0(3) ~0(7) —o(q),f

0(1) -0(8) ~0(7)
¢(1) -0(2) -0(10)

- 0(7) -o(8) ~0(10)
0(1) =0(9) ~0(7)

o 0{4) =0(10)-0(8)
'0(4) ~0(10)~0(10)

'“Q(g) —Q(1o)~0(10)

ks

2.75(4)' o

2.77(3)

. 2.93(3) |
© 3.03(3) -

2.7(2)

2.90(4)
2.83(3)
2.69(5)

2.73(3)'

eg'o
135(1)

1o§(1)
94,(1)

,95(1)
119(1)
105(1)

101(1)

105(1)
103(1),"

112(1)

113(1)

126(1)

21.
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LEGEND CAPTIONS

Figure 1.—Diagram of the ferrous tris(l;lo-phenathroline)
cation indicating the numbering system used. |
Figure,E,——Diagfam.of the bis(antimony tértraté) anion
indicating the numbering system used.

Figure 3.——Stereoscopicf§iewvof the,(-—)SBQEe phen52+'ion.

"igure 4.—~°tereoscopic_view of the bis(ahtimdny_g—tartrate)z"
ion.
Figure 5.—Stereoscopic packing diagram as viewed down

the ¢ axis.

Figure'G,——Stereoscopic View showing the water oxygen structure.
- Atoms 0(7) through 0(10) represent water oxygen atoms;

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

TKBLE OF OBSERVED STRUCTURE FACTORS FOR FERROUS TRIS (1,10-PHENANTHROLINE)

~ BIS(ANTIMONY TARTRATE) OCTAIYDRATE -

-



: ’ ' . S 30
NBSERVED STRUCTURE. FACTORSy STANDARD DEVIATIONS, AMD DIFFERENCES (X 3.0} FOR
FE++(1; 10~-PHENANTHROLINE) RIS(SB TARTRATE) OCTAHYDRATE, - F{0,0+9) = 5516

FD8 AND FCA AQF THE ORSERVED AND CALCULATED STRUCTURE FACTORS.
SG = ESTIMATED STANDARD DEVIATIOM OF FOB. - DEL = /FOB/ - /FCA/.
¢ TUDICATES ZERD WEIGHTED DATA. v

L FDB SG DEL L FOB SG DEL L FOB SG DEL L FOB SG DEL L FOB SG DEL
HyK= 0, O 9 0 27 -5% 11 33 26 ~8- 8 5710 &6 HeK= 1, 2

3 332 12 32 10 21 29 1% HeK= 0, 9  HeK= D0y 14 0 151 6. 6
& 65 6 -8 11 115 7 11 1 81 6 5 1149 8 -3 1 430.15 ~-15
9 436 16° 9 12 .0 29 -40%# 2301 11 -7 2 026 -3%# 2577 21 46
12 86 8 12  HyK= 0, 5 3160 7 -1 3 94 7 10 3 641 23 25
HykK= 0, 1 1 .58 13 -1 & 027 -26% & D 27 -5¢ 4 290 11 22
1 629 22 7 2398 14 41 5102 6 13 5 93 7 4 527810 4
2 785 27 84 3 619 22 17T 6 598 -2 5 0 30 -17%= 6185 8 O
3 49 5 -7 & 021 -4% T 44 9 4 7 029 -6 T 9 6 2
4 445 16 -11 5 ©1 9 -14 8170 8 9 Hek= 0, 15 8 40 9 19
541715 5 658621 -3 9 032 -14%x 1 0 29 -19* 9 232 9 -5
5 202 € 22 7152 7 -4 10169 8 3 2 027 -1*10 76 8 -5
7 40 8 -2 8 2628 5%*11 8 8 S 3 73 8 2 11 114 -7 -3
8 € T ~4 9212 9 -13 HeK= 0, 10 4 123 8 -1 12 190 9 -13
9105 7 -9 10 59 8 8 1 2419 15- 5 0 32 -5% HyK= 1, 3
10 239 10 -12 11 88 8 -3 2124 7 1 6 0 29 -23% 0 480 17 -6
11 60 9 10 12 4D 12 2 3232 5 8 HeK= 0y 16 1 279 10 18
12 9 8 =2 Heyk=. 0y, 6 & S51 8 6 1 60 9 -15 2 277 10 31
HeX= 0y 2 1106 5 =8 S5 027 -32%x 2 4512 -2 3 2410 &
1252 9 16 2 9% 5 & 6 4814 4 3 61 9 -4 & 90 5 -1
2 62 4 =14 3 4012 1. 7226 9 -1& & 029 ~5x K G4l 16 ~&
3.389 14 37 4 370 14 -2 8120 .7 -1 515 8 2 5181 8 =2
£ 46017 T 5 98 6 -2 9203 9 9  H,K= 0, 17 7209 8 -&
5 31 9 -3 6 83 T -8 10 2229 4% 1 57 10 -4 8 le4 7 -11
6 2611 7 7 9510 6 HeK= 0, 11 2 78 9 -4 9 11F 7 1
7 485 18 -15 8178 B8 - 1 1 88 6 =2 HeK= 1y 0 10 20 26 15%
8 7111 -10 9 23110 -6 2213 9 6 0491 18 -1 .11 4311 2¢C
9 8 6 25 10 60 9 0O 3 41 10 16 1 437 16 156 12 131 8 -4
12 64 8 2 11 158 8 & 4226 § -13 2 353 13 6% HyK= 1, &
11 121 7 3 12 026 -14* S5 024 -3% 3 221 8 9 0 326 12 -11
12 23 29 17¢ HyX=_.0, 7 615 28 8 - 4139 6 1 1 66524 2
Yyk= 0y 3 1 9 S5 -8 7103 7 15 5 242 9 15 2 506 1% 31
1 1% 19 -0¢ 227410 T 8 2228 14%¢ 6 178 T -3 3165 7T -7
21298 46 -9 330211 3 9 68 9 26° 7 3314 21 4177 7 -0
3177 7 23 43564 13 17 10 0 32 -28% 8 257 10 -4 5 29&4.11 -4
4 48 B8 -6 5 140 T =2 44k= D0, 12 9 53 11 0 6194 B -5
5 49 8 2 62%9 10 .-2 1 307 12 ~3 10 &5 B -1 T 162 T -¢€
£ 133 6 4 7128 7 -T 2150 7 3 11 0 28 -18x 8 200 8 -7
7T 2¢3 10 6 & 87 8 2 3106 7 -10 12 5510 O 9 85 7 -6
8 236 9 -8 915 8 0 4 59 8 -3 HeK= 1y 1 10 168 8 1
9135 T -9 10 220 9 €& 5206 9 -5 0 357 13 &7 11 &6 8 -3
12 149. 8 2 11 2329 7* 6 0 26 -23¢ 1 513 18 47 12 77 8 2
11 146 8 -7. Hy¥= 0, 8 7 3813 8 2146 6 1 4,K= 1, 5
12 5112 -5 1218 9 -2 8 028 -3*¥ 3115 S 23 0 21Cc 8 &
HyK= 0y 4 2177 7 5 9 66 9 -9 4 138 6 & 1 305 11 -28°
1 645 23 64 3100 6 -1 HeK= 0, 13 5 25310 13 2 95 S 4
2 62622 7T 4 104 6 -3 1 B84 T 10 5 8 5 9 3 347 13 -1¢&
3 8% 8 3 5450 17 12 2109 7 -4 7 733 11 -13 4 451 14 9
L 623 22 29 6 D24 ~16% 3 128 7 12 g 2087 11 -48% 5 351 13" -7
S 3 B & -7 RS 7T 3 & 2923 6 923510 R’ 6179 8 -4
£ 1921 -5¢ 8261 11.-12 5 0 2% -27%x 10 1% 9 -2 1 S0 84 -2
7 292 11 1 913 7 0 6102.7 7 1 s 7 0 8 717 71 -1
8 ' 7 2231 -1¢12 68 9 3 9

131 7T -14 10 0 27 =-5= 1ir ot -2




OBSERVED STRUCTURES FACTORS (CONT) FOR- , :
FE++{1,10-PHENANTHROLINE)- BIS(SB TARTRATE) OCTAHYDRATE.

L F38
10 76
11 109
12 91
S HyK=

143
125
145

13
154
197

51

83

50

82

He K=
436
291
2645
314
289
256
178

— . .
CUENTCNHAPWN—~O

——
N

146
147
161
40
HeK=
267

~ O D@WAPADWN O

bt

180
349
S}
S 262
125
.93
35
85
45
81
'H5K=
119

.___ ‘
=~ OO E~NPN S W ~Q

|2

191
32
19

184
R4

QWO DTN S NN~

85
HeK=
O 183

190 -

212
323

218 .

1R85

1346

133

6% -

SG DE
T 6
7 4
9 -8
1. 6
8 3
6 -2
6 1
6 1
8 -7
12 -6
6 1
7 -5
8 =3
8 -3
7 4
11 10
8 -1
1y 7
16 5
11 -3
9 1
12 -8
11 -11
10 -5
8 3
9 -4
7 2
8 6
8 6
14 8
1, 8
10 -7
8 -12
8 =6
13 -10
23 -24%
10 1
7 )
7 3
14 -9
8 .13
12 -6
8 2
1, 9
6_3
6 4
6 -6
7 9
8-[
13 -1¢
26 -13=
8 -10
7 10
B -17
8 12
1, 10
8

-3

QOB NPNP NN

DPACVAWNFO _O~NCVNPUNFO _VOo~NCUVHPWNMO

NN BPWN=O

A WN—O

F08
‘B9

209
247
69

117
86

"HyK=

125
107
105

126
17
56
40

H|K=

124
‘75
7
‘0
-0
86
121
32
HyeK=

112
117
63
17
122

€3

9¢
52
52
€1
a2
110
56

H ) K =
22

&0
0

171

82.
119
107.

99

127
178

143

78
61 .

79

53.
G6

22

81

SG DEL.
6 -11
8 -9
9 ~-12-

10 2
-1 -9
7 -1
T -1
7 1
8 8 .
8 4
1 11
7 -10
6 -8
T =2
7 -13
8 -5
7T 5.
8 -4
10 3
14 -4
1, 12
T -6
7. -2
T =0
7 -11

27 -8%

26 —6%
7 1
7 10
19 - 3
1, 13
7.-11
8 2
T -k
7 5
8 -4

13 -10
8 &
8 6
10 - 5
ly 14
7 5
9 5
9 5
o =z
8 -7
B 9

10 -1
11'_—3 -
1, 15
T =0

268 =21%

28  -5%
11 -14

28 -?2%

8 1

OBV HPWN-O

DOV VI PWN -

DD~NCVPWNO

 t'FOB

HoK=
0. 32

1 40
2. 83

"3 97
- H'K=
459

686
27
T 61

43
233
132

53

(]
(=)

11 255

12 39
H.,K=_

1 263
2 308
3 511
4 211
5 363
6 500
T 243
8- 76
9 173
10 50
11 121
12 95
HqKz
594
209
545
409
105
T6
‘183
2564
21¢%
170

(=]

o
pt

137

12 51

'H'K=
292
467

444

142

229
84

66
34

243

462

o .

141

254

82 -

SG
1
19
14
.8
8
2
16
9

25

8
5
17
9
9
7
27
9
11
18
2
10
11
18
8
13
18

10

6
8
10

7

8
2
21
8
20
15

5 .

-

8

10
9

g

T
'8
11
2

‘11

17
15
6
10
9
6
6
5
14

DEL

L FOB
e 16 10 266
-11 11 49
- =2 12 65
-8 . HeK=
. & D 278
+ O 1 111
- 32 2 135
10 3 333
22 4 527
-0 5 256
-10 6 9%
-2 7 223 .
-3 8 101
-7 9 114
-2 10 &7
-5¢ 11 49
-7 12 S7
-2 HyK=
.39 0 126
+ 1 1 249
27 2 525
-8 3 188
22 4 93"
9 5 82
3 6 107
-7 7T 18
7 8 185
S 9 119 -
-12 10 120
10 11 78
5 12 62
-8 i Hy"(:
r 2 0 227
2 1 160
20 2 511
20 3 445
20 4 382
~4 .. 5 143 .
1 6 111
5 7 213
4 8 48
~7T 9 65
6 19 31
-0 11 119
-4 Hy K=
12 0126
« 3 .1 5T7.
-4 2 198
-8 3 327
4 & 23
2 5 65
14 6 351
-2 T -38
-1 .8 0
-1 9 79
-3 10 104
-3 -11
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5
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7

10

10

Pt
o

OO N
-

24
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7
7
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24
9
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DEL
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9
4
-19
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-2
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2
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2717
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T4
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S5 DEL

2, 8

7 -7
15 -8

T -2

6 2

6 -1

T -0

7 1

7 0

7 S
24 -11
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8 5.

2y 9
11 3

8 -10

7. -1
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9 -5

8 9

S 2
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T =7

7 8
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2y 10
T -4

6 -1

5 -12

7T -4
25 10%
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T 5
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8 3
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38 4
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DBSERVED STRUCTURFS FACTORS (CO‘\'T) FOR . ' '
FE++(1,10- PHFN’NTHPDLNXE) BIS(SB TARTRATE) OCTAHYDRATE.. o PAGE 3

L F08B SG DEL L FDB SG DEL L FOB S5 DEL L FOB SG DEL L FDB SG DEL
HeK= 25 13 3121 5 -2 S .97 & -4 1 20 26 -10% 6 265 10 9
3 36 13 -3 4 172 7 6 6120 7 -2 2 62 8 -6 7 198 8 4
1 36 13 0 5.381 14 -17 7175 8 4 3131 7 -1 8 240 10 13
2118 7 © 6 88 6 -5 -8 7rT. T =2 6« 82 7 A 9 208 9 -4
3 37 18 -5 7 97T & ~7 - 9111 T 3 5103 7 11 10173 8 7
6 118 7 9 8 338 13 5 10112 7 -2 6 53 9 ¢ 11 58 9 -1
5 0 28 <27« 9 715 7 1 11 57 10 -17 7 80 8 0 12 95 7 1
6 3219 13 10 97 7 5 Hek= 3, 7 B 57T 10 -2 HyK= 6,4 2
7117 8 O 11 5310 2 0 242 9 =4 HyK= 3, 12 1 246 9 A
HeK= 2y 14 12 52 11 6 1 190 8. -3 0 S0 9 -3 2 4643 16 13
5 37 13 10 Hek= 3, 3 2 262 10 5 1 D 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 -%
2 3119 -7 . 19 §5 -1 4 156 7 3 .3107 7 -0 5 306 11 O
3 70 8 ~-15 229011 18 S5 95 6 -3 4 67 8B =3 6 221 9 5
¢ 32 19 ~-18 3168 7 -10 6 104 7 -7 S 65 8 -7 7165 17 2
s 95 8§ -1 4. 61 5 7 7150 7 -6 6 105 8 1 8 3213 -7
& 33 20 -2 5297 11 -10 8 100 7 -4 7 8 8 5 9 71 71 -4
HyK= 2, 15 6 101 &6 -1 9 101 7 6 HeK= 3, 13 10 115 7 -2
0 102 8 2 7190 8 -14 10 71 8 -3 0 0 26 -26% 11 136 8 0
1 0 28 -24%# 8 165 8 -4 11 187 9 -6 1 60 8 -15 12 47 12 3
2 D 28 -24% 9 21C 9 -6 H4eK= 3, B8 2 61 8 5 HyK= 4, 3
3 £1 11 -3 10 162 - 8 A 0 58 & 1 3 5 9 0 1 277 10 13
4 23 30 -18+ 11 88 8 3 1 257 10 -10 ¢ 109 7 -2 2 130 6 -2
Hyk= 2, 16 12 52 11 3 2 34 10 0 5 82 B -2 3 408 15 3
5 53 11 3 HeK= 3, & 3166 7 <-4 & &0 14 -7 4 225 9 13
1 147 8 3 0 197 8 -1 4 197 8 1 . HekKz= 3, 14 5 &1 ¢ g
2 26 30 -1G& 1 365 13- 21 5 87 T -4 0 77 B -6 & 614 15 2
HyXK= 3, 0 -2 258 10 3 6 210 9 -4 1 3914 -5 . T p8 6 -12
2 38 7 -35% 3 389 14& 1 7 97 T -12 2 63 9 -0 8 0 25 -1&%
1 462 17 3} 4 129 7 18 8 115 7 7 3 64 9 0 9 1446 7 -3
2 223 8 17 5 263 10 -4 9 0 27 -B% & 0 29 -22% 10 10C 7 7
3 98 € 12 6 63 6 -7 10 40 14 12 & 41 14 -5 11 50 11 -7
4 197 8 -3 7 101 6 -4 4eK= 3, 9 HeyK= 3, 15 12 58 10 =1
5 57 § 12 8 141 -7 -13 0 285 11 -13 D 40 14 5 HeK= &y &
% 220 9 ~& 9 &7 & =13 1 40 9 [ 1 77 8 -2 0 216 9 -2%
7 321 12 20 10 42 11 1 2 113 6 4 2 T4 9 6 1 187 7 -1
8 257 1c 3 11 32 19 20 3220 9 5 3 4712 -5 2 385 14 5
9 168 7 -5 12 147 8 -& 4 167 8 =6 HeK= &, 0 ~ 3 135 6 4
12 146 7 =12 H,X=. 3, 5 5 166 B -11 D 282 10 17 4 189 B8 -3
11 37 15 27 0 55 6 =6 6126 7 -1 1 30 9 -9 5 . &2 5 4
12 32 19 17. 123 8 -3 7 81 7 8 2 197 8 -17 6 121 8 -14
Hyk= 3, 1 2 285 11 -17 8 87 7 -0 3177 T -1 7 217 9 7
1 294 11 26 3 S8 6 =1 -9 72 8 =& & 293 11 -2 8 152 7 6
2 578 21 26 4 673 17 8 10 47 12 0 £ 248 S -10 9 161 8 =2
.3 380 14 17 -5 164 7 3 HyK= 3, 10 6. 47 7 11 10 92 1 -7
& 401 15 13 &€ 30 12 -2 0194 8 -4 7 358 13 =-S5 11 128 8B -7
5 183 7 -5 7 313 12 -2 1 62 1 -1 8 51 9 2 HeK= &4, 5
5 339 13 8 8 707 -1 2 98 7 -10 s 70 7 14 0 25 12 -11
7 45 8 -9 9 4510 -3 3 83 .7 -9 2 77 8 -3 1 264 12 2
8 0 24 -25%« 10 97 7 ~14 4 71 7 -5 ‘11 115 7 ~-5 2 349 13 -5
9 &7 7 -1 11 3914 -2 5188 8 -11 12 &6 14 13 3 271 10 1
10 152 8 1 = HeK= 3, 6 6 59 8 -6 HeK= &4, 1 ¢ 262 10 3
11 139 8 8 0173 7 -19 7 53 9 4 1 128 S 6 5 87 6 &
12 82 8 -0 1 319 12 -21 - 8 45 12 -5 2 205 8 -5 6 119 6 -3
HyK= 3, 2 2128 6 2 9 0 29 -23% 3 157 6 14 7112 7T -6
"1 222 =8 S 3 132 - 6 1 Hek= 3, 11 4 57 5 -6 8 40 12 -4
"2 106 5 4 93 6 -0 D 216 9 -1 5 143 6 0 9 59 .8 -5
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L FO3 SG DEL
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9
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4, K=
> 289
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A
95
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161
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225

L FDO3
7 2. 6 57
12 -6 7 S8
4y 6 8 107
11 ~17 9 67
5. "8. H,K=
& -8 o0 T2
67f10 1 145
[ 2. 2 122
11 -8 3 .97
7 -5 4 103
10 -2 5 53
7 -12 6 137
8 1 1 32
12 -1 8. 2
9 .-8 ) H'K‘
4y T 0 65
& -2 1 56
8 -9 2 21
8 -12 3 74
7 =7 4 649
7 =7 5 63
T -7 6 32
9. 4 7 75
8 () H'K.= )
8 & 0 108
8 -3 1 88
8 3 2 4&
by 8. .3 45
7 =7 4 R2
8 -7 S 73
7T 6 6 D
8 =85  H,K=
8. 8 0. €5
7 -5 1 &9
10 -9 2 73
7. 9 3 87
q -4 4 33
12 3 0 &7
7 -3 0 s27
6 =6 1 33
8 -2 2115
T 2 3 445
T =4 4 227
7T 1 5 53
T 3 &6 k9
9 2 7 39
10 5 6105
10 -2 9 338
4y 10 10 &2
26 -6+ 11 22
8 -22. 12 22¢6
7 -3 ‘”"'(2
? 2 1 188
7.2 2 t612
7 7 3141

SG DEL
9 -4
9 0
8 1
9 =2
6y 11
8 -5
T 1
7 -6
7 7
9 -14
8 -2
12 -17 .
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4y 12
8 14
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27 13%
8 -5
10 10
9 3
19 3
9 2
Gy 13
T -4
8 -6
12 -5
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Gy 14
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DBSERVED STRUCTURES FACTDRS (COMT) FOR

FEe4( 1, 1D-PHENANTHRILINE) AIS(SB TARTRATE) DCTAHYDRATE. - PAGE S !
L FO3 SG DEL L 08 SG DEL L FDOB SG DEL L FCB SG DEL L FDB SG DEL
2 154 7 9 HyK= .6y, 7T 0 B2 8 3 4 40 9 -8B 7 87T 8 11 .
3 295 11 3 0 42 9 =2 1 S7 10 2 5120 7 3 HeyK= 7,4 10 A
4 153 7 5 1 209 9 ~17 2 41 14 -8 6 72 T -1 0 43 11 7 ;
£ 152 7 8 2 252 10 1 3 85 8 1 7 140 7 4 1 57 9 -4 ?
5 353 13 1 3 117 7 -8B  HyK= T7,- 0 8 162 8 3 2 136 8B 16 o
7. 55 8 3 4 165 7 -2 0 48 b S 9 98 7 0 3 138 8 14 i
8 1046 T =6 5 2027 -l4% 1 284 1) -5 10 72 9 7 4 54 10 3 2
9 155 8 -5 6 84 T -3 2 57 5 -1 HeyK= T, 5 5 0 28 -37¢ :
19 53 9 2.7 16 7 5 3 143 6 2 1 3D 12 3 6 66 9 4 |
11 112 8 1 8 €8 9 7 4 142 6 11 2 1c8 6 3 HeK= 7, 11 i
HyK= 6y 3 9 55.10 -10 S 509 1% 3 3 178 8 1 0 &1 9 =%
1 207 8 4 HeyK= 6, 8 6 121 6 5 4 101 & 3 1 S0 10 6 ;
2 354 13 1 0 124 7 -3 7 37 18 -1 5 69 7 -12 2 100 8 -7
3 294 11 -7 1 73 7 -7 8 310 12 6 6 58 9 =2 3 60 9 8
4 16 T -1 2 139 7 -15 9 105 7 12 7 1¢5 7 6 4 124 8 )
5 0 23 -12%« 3 65 9 -3 10 68 8 1 8 64 8 2 5 78 9 7
5 218 9 6 4 49 10 4 11 0 28 -12% 9 90 8 -1l4 HeK= T, 12
7 115 17 -3 5 61 8 -4 HeyK= 7, 1 10 52 11 4 0 23 29 -7x%
8 197 9 8 6 °9 7 -9 1 131 6 =3 . HyK= 7, b6 1 77 8 -4 f
9 151 . 8 -3 7 98 7 4 2 222 9 -4 1 255 10 -10 2 101 8 &
13 54 10 2 8 85 8 -11 3 256 10 11 2 69 7 -8 3 74 9 7
11 69 9 -3 9 97 8 =2 4 160 7 12 3175 8 -1 HyK= .8, O
HeK= 6y & HyK= 6y 9 5 180 8 -5 4 69 7 -8 D 322 12 -14
1 102 6 2 0 99 7 6 6 138 7 4 5120 7 6 1176 7 2
2 7257 10 -4 1 223 9 -7 7 145 7 -3 & 119 7 -& 2 142 & -12
3 151 7 =2 2 92 7 2 8 157 8 =5 7 106 7 -8 3183 8 -4
4 257 10 =( 3 84 7T -7 9 99 7 =6 8 22 28 16% 4 221 9 -7 .
5 237 9 1 4 78 7T -4 10 141 8 s 9 32 19 14 5 94 5 -g
£ 113 71 -2 s 7 8 -0 11 108 8 -1 HeK= 7y 7 6 0 24 -35%
7 131 7 2 6127 7 -5 HyK= T, 2 0 2¢1 10 -9 7 33 14 24
R T4 7 7 7 4% 12 7 1 243 9 -13 1 127 7 -1 8 &G 13 21 ;
a 154 8 & 8 81 8 2 2 149 7 5 2 217 21 -0 9 51 10 10
19 78 8 =2 He¥= By 10 3 304 11 -5 3 67 7 -2 10125 1 ~-%
11 23 30 -8* 0 4510 5 4 120 6 1 4 116 7 2 11 €112 3
HyK= &y 5 1131 7 3 5 201 8 =7 5 58 8 -1 HeK= 84 1
1 62 6 2 251 9 -3 & 103 6 =2 6 19 7 2 1 97 5 -1
2 102 & 9 3 86 7 1 7 19 25 15« 7 111 8 -1 2125 6 -1
3 Bl & -7 4 95 7 3 8 121 7 -1 8 32 19 -2 3 205 8 -15 ;
4 125 & =6 5 75 8 -2 9 192 9 9 9 &5 @ 5 4 181 8 -1 I
5 2192 9 1 6 15 8 3 10 0 28 ~-16% HyK= 7, 8 5185 8 9
6 195 8 5 7 23 30 3* 11 52 11 10 5 116 7 2 6 186 8 8 i
7 c 27 ~12¢ HeK= 6, 11 HyK= 7, 3 1120 7 -1 718 8 -0
£ 198 9 =10 0 21 27 -3% 1 96 & -7 2 BT 7T -1 8 54 8 =%
9 31 19 2 1 140 8 1 2 18 8 -0 3 67 B -2 S 21 27 17% o
12 135 8 .12 2 53 9 -3 3 169 7 -6 4 35 13 0 10120 8 3 Y
Hoyk= 6y, & 3. 66 8 -6 4 244 10 8 5 115 7 2 11 23 30 -7~
5 88 11 ~-1¢4 4 Inn 8 6 S 1B 24 -4%. 6 102 T =7 H;K= 8, 2 ‘
1 134 7 ~11 S 73 8 3 6 37 11 -5 7 39 14 -3 1 66 6 -1 & |
2 225 9 7 & 6D 14 6 7 283 11 -10 8 81 8 -12 2 356 13 =7
31724 7 2 Hel= &, 12 8 105 7 7 H,K= T4 9 3 0 23 -16%
4 10% 6 =2 0 P9 R 1 9 &7 9 6 0 224 9 -3 4 20?2 RS
“ oy s 7 N T Y T A N0 T A T B 1 nr 7 . K A 4
Hoooa 1 16 A L O B Y A IS 0 K mo Py teoous 10 .
rorrr 4 A 99 o/ -1 Hy¥Ws= 7, 4 3 S 9 -9 7 299 10 4
noo9r 7 7 4 51 10 2 1 189 w -3, & y01 7 7 T R ?
9 89 B8 -0 S 113 8 3 2154 1 ~i 5 85 B8 -6 9 92 7 1
1C 92 8 3 9 =6 10 68 9 4

1 HyK= 6, 13 81 6 -6 6 321

i
i
i




DBSERVED STRUCTURES FACTDRS (CONT) FOR ‘ ' - - 35

FE++(1, 10-PHENANTHIOLIVE) RIS(SB TARTRATE) ocrAquRn*E. : - PAGE 6
L FP3 SG DEL L FDO3'SG DEL. L FOB SG DEL L FDB SG DEL L FDB SG DEL
11 82 8 -6 4 148 8 2 9 77 8 8 HyK= .9, ‘9. 9 40 14 8
Hyk= B8, 3 5112 7 1 10 7009 7 ©0 77 10 -5 HeK= 10, &
1 256 10 -5 6 22 29 ~4& “HyK= 9, 3 1 38 14 1¢ 1 58 '8 ~1
22821 -4 7 65 9 5 1152 7 -5 2 5010 14 2159 8 -7
3 174 8 -5 HeK= B8y 9 2 62 T -2 3 83 11 1 3 59 8 -4
18 8 8 0 69 8 10 3156 7 -12 & 110 8 1 &4 64 8 -1
s 79 7 2 1 77 8 6 4168 8 13 5 47 12 -2 5 62 8 6
5119 7 -8 2 9 T T 5144 7 -10 HyK= 9, 100 6 80 7 -7
7103 7 -3 3 138°'8 6 6 027 -10%¢« 0 23 29 -9« 7 713 B 14
8135 T & 4 56410 1 7142 7 -9 1 5111 -1 8 69 9 -11
9 82 A& 7 5 3314 -3 B8 49 10 12 2 83 8 <=9 9 24 30 -5%
10 23 29 -6%¢ 6 D 29 -26% 9 106 8 1 3 23 30 ~6% H,K= 10, 5
C HyK=. 8y & HyX= 8, 10 10 111.- 8 8 &4 24 27 8% 1 0 27 -32%
1 89 6 -4 0 S9 9 3 H9K= 9, 4 HyK= 9, 11 2132 T -9
2212 9 -7 1 4412 3 1204 9 -2 0 8 8 15 3108 7 .5
3102 6 -1 2 71 8 2 2133 7 -4 H,K='1C, 0 & 42 11 -3
106 6 -1 3 2329 14 3159 7 -2 D155 T 9 5 21 27 -18%
5 96 T -6 4100 8 11 4141 7 5 1107 6 18 6 22 28 -16%
6 188- 8 9 5 2330 -12« 5205 9 3 2321 12-13 7 5111 -5
T 45 10 -6 H,K= 8y 11 6 92 7 <1 3165 7 -3 8 78 ‘9 -7
8 68 8 -3 0 76 8 11 7 77T 8 & 4 72 1 2 HyK= 10, &
9123 8 -0 't 95 8. 7 8 99 7 2 5 sS9. .8 2 1 S5 9 -2
1D 41 14 -5 2 5710 3 9 98 8 17 5 356 13 -2 2167 8 &
Hyk=: 8, 5 3 0D 29 -10% - H,K= 9, 5 7 70 8 10 3 70 8 ~-4 _
1 282 11 -3 Hyk= 6, 0 1 71°7 2 8 95 7 7 4 3018 -7
2150 7 -6 © 6512 15 2 33 14 -15 9.125 -8 =3 5 0 2/ -20¢
3 142 7 -1C 1,282 11 -11 - 3 140 7 ~4 10 029 -14%* 6 78 B 5
4123 7 -4 2 56 6 11 4143 T 2. HyK=10, 1 7 66 9 9
5 4410 -7 331012 S5 5 5 9 & 1170 7 -1 HyK= 10, 7
6 167 '8 7 &4 17 ‘6 0O 6 B 7 -6 2 92 & -3 . 114 8 S
7 8 7 16 533213 3 7128 7 -0 3188 B 7 2 3118 -1
.8 4910 3 6 9 ‘8 8 8127 8 19 & 118 7 -3 3 82 8 2.
9 12¢ 8 -1 T 165 8 & 9 82 8 7 5 83 7 T - & 3814 5
HeK=. 8 6 8109 7 & Hyk= 9, 6 6193 8 9 S5 5610 3.
1217 ¢ 2 9 4313 ~1' 1 777 -6 7103 7 -4 & 66 9 2
2 57 8 -1 10128 8 9 2 96 7 O 8 82 T 2 H,K= 10, &8
3211 9 1 11 4114 2 3142 7 -0 9125 8 -4 1 77 8 5
& T2 8 -T HeX= 9y 1 & 55 9 -4 10 78 9 & 2 4512 2
5 73 7 =2 - 1132 6: 1 5 56 9 3.  HeK=10, 2 3 0 28 -34%
6 164 8 3 229111 -1 6 87T 7 9 11327 6 4 40 14 =7
7 69 & 6 319 8 -2 7 90 8 -12 2 3213 12 'S 23 30 -~8¢
8 5111 6 4229 9 -6 8 T4 9 -2 3 91 6 -2 HyK= 10, 9
9 108 8 -7 5183 7T 2 44yK= 9, 7 4121 7 4 1115 8 -10
HeK= B8y 7 6145 .7 3 1 3613 10 5 20 27 -16% 2 46 12 &
L 1c& 7 -8 7179 8 10 2 117 7 .12 €126 7 12 '3 84 8 5
2139 7 -& 8172-8 8 3 2127 -11%¥ 1 42 11 -5 4 92 8 3
3 5010 €© 9.311%9 -2 4 64 .8. -1 B8 54 10 .18 HyK= 10, 10
4117 7 -1 10 B85 & 14 'S 82 8 '8 9129 8 12 - .0.134 8 -l
"5 99 7. -4 . HeK= -9, 2 €& 3219 5 HyK= 10y 3 HyK= 11, O
5 0 27 -33% 1.257-10.-11 7-101 8 -6 113105 6 -2 0118 T -0
7 0 28 -15¢ 2 115 6.-11  HeK= .99y B. 2100 7 - & 1 311 12 -6
B 125 8 4 '3 132 7 2 118 8 -1 3112 7 =3 2105 6 B
HyK= 8, 8 4 87 6 -2 2 6311 -4 4171 8 15 3169 A -1
0116 A -1 517 8 6 3 97 7 -4 5211 ‘9 2 . 47105 7 4.
1109 7 6 63912 -5 4 3119 =3 6 2918 -5 5194 8 -1~
2 937 -3 7117 7 0 5 S5 10 3 7 .43 11 6 6 64 8 33
3 4710 -8 8119 7 2 6 9 R "2 8125 8 -9 7T 21 29 12%
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ORASERVED STRUCTURES FACTORS (CDNT)‘ FOR 36

FE¢+(1,10~PHENANTHRIOLINE) BIS(SB TARTRATE) DCTAHYDRATE. = PAGE 7
L FO3 SG DEL L FDB SG DEL L FOB SG DEL L FOB SG DEL L FOB SG DEL
8 72 9 11 1 2228 -5« 3 710 B8 -1 2 3219 -5 4 69 9 5
9 64 9 12 2 86 8 =7 4 23 29 -17« 3 86 8 & 5 66 9 10

10 98 8 12 3 .0 28 -12% 5 145 8 6 & 57 10 =4 = HeK= 15, 2
. HeK= 11y 1 4 0 29 -24% 6 33 23 =2 HeK= 13, 6 1 s1 11 =2
1139 1T & 5 23 30 -21%  HeK= 12, 6 1 4712 -2 .2 60 9 8
2121 7 0 HeX=" 11, B 1 39 14 -1 2. 0 29 -22¢ 3 150 B8 23
3171 8 O 1 33 .20 -17 2 0:28°-17¢« 3 95 8 11 4 91 8 .0
& 146~ 7 6 2 33 20 -7 3 46 12 -20 HyK= 1%, O HyK= 15, '3
s 138 7 -0 3 B4 19 10 4 90 8 7 01105 7T -4 1 23 29 10%
& 65 B =2 "HeK= 12, O 5 75 .8 9 1 41 11 23 2109 B8 -2
7 74 8 =2 0 53 9. 3 HoK= 129y 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 HeK= 18, O
9 57 10 3 2171 8 3 2 40 16 -5 & 81 8 5 0 0 30 -l4x
HeK= 11, 2 3 114 12 6 3 5810 -12 5 838 8 -11 1 23 29 11x
1 106 7 3 4 136 7 5 HyK= 13, O 5§ 143 8 12 2 0 28 -24x%
2 Bl 7 4 5 0 27 -33% 0 83 7 7 7 23 30 4* 3 65 9 2
3 205 9 1 & 66 B8 -5 1 52 9 25 HeK= 14, 1 4 T4 9 12
« 93 7 2 7 58 9 38 2 45 11 16 1 150 B =5 5 24 30 21«
s 272 11 17 8 S0 11 -0 3 139 7 4 2 106 7 5 HyK= 16, 1
6 37 13 12 9 710 9 3 4 155 8 8 3 65 8 4 1 61 9 2
7 72 8 =2 HeK= 12, 1 5 76 7 2 4 120 7 5 2 46 12 -1
8 115 '8 -2 1 63 10 -2 6 44 11 37 51192 8 .2 3 70 9 7
9. 4] 14 -10 2 1364 7 -10 7 146 8 T 6 4D 14 -12 HyK= 15, 2
He¢K= 11, 3 3103 7 0O 8 S7 10 22 7 2430 =-2%x 1 58 10 2
1 39 12 =2 ¢ 175 8 -7 HoK= 13, 1 HyK= 14, 2 2128 8 1
2 145 7 2 S 146 7 <9 1 78. 8 -5 .1 61 9 & HeK= 17y O
3 169 8 & 6 37 13 15 2 82 1 -9 2 €310 5 0 23 32 ~1l4%
4 123 7 1 7 59 9 ~-1D 3 2126 -3 3 RO 8 12 1 33 20 3
5 157 8 12 5 94 8 9 4 161 8 -0 4 75 8 1 2 24 30 =4%
6 61 9 0  HeK= 12, 2 5 92 7 11 5 D 29 -18% : '
7 107 7 11 1 56 9 A 6 104 7 -1 6 107 8 10
8 61 10 -5 2 181 8 13 7 123 8 0 HeK= 14, 3
YeK= 11, & 3 124 7 9 8 24 30 -1% 1107 7 8
1 132 7 1 4& 36 13 10 HoK= 13, 2 2 0 28 -22%
2 61 8 -5. 5108 7 2 1 179 8 0 3 79 B -4
3 157 & 5" 6 154 8 11 2 55 9 3 4 56 10 0
4 125 7 9 7 3219 13 3 37 13 9 5 53 11 2
5 37 13 -11 8 S7 9 5 4 31 18 18 HyK= 14, &
s 73 8 4 tHyK= 12, 3 5 66 8 4 1 23 29 3%
7 121 8 0 1 23310 10 6 75 8 3 2 83 8 13
8 33 20 -4 2 29 17 11 7132 8 20 3 9 8. 7
HeX= 11, 5 '3 135 7 3 Heyk= 13, 3 4 118 8 15
1 55 9 7 4 102 7 £ 1 717 8 9 "HeK= 14y 5
2 94 7 0 5 62 9 146 2 83 717 -5 1 5311 -3
3 43 11 1 6129 & 14 3 48 10 =2 2 5311 3
fy ny 7 0 ¥ Y 10D « 3 4 89 ! e B A Ty [}
Y oobh B O LE | HeK= 12, & 5 32 19 6 D 126 8 5
6 55 10 4 1 i3% 7 -0 - 6 80 8 9 1 101 7 -8
7 153 8 -4 2 146 8 7 HeK= 13, & 2102 71 9
HeK= 11, 6 3 ‘91 7 1 1 31 19 -3 3117 7 -4
1 155 8 7 4 B 9 4 2 44 12 -2 4 0 28 -24¢
2 69 8 3 & 22 28 =-9%« 3 95 § 6 5 135 8 8
3 44 11 3 6 154 8 10 4 0 28 -16% 6 0 29 -2«
4 59 9 1 7 58 9. 8 5 127 & 20 HeK= 15, 1
5 g8 8 7 HyXK= 12, & 6 63 9 9 1 0 27 -18%
n o w2 oyl 4 1 13 ¢ b HeK= 13, & 2 94 n 3
Hok:= 11y 7 7 R? A 3 1 0 2% -173% 3 9% @ -4
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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 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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