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Investigations of Alkaline-earth 13-diketone Complexes. 

I. The crystal and molecular structure of bis(dimethylformamioo)bis 
. * (1,3-d.iphenyl-1,3-propaned.ionato)magnesium 

By Frederick J. Hollander, David H. Templeton and Allan Zalkin 

Lawrence Berkeley Laboratory and Department of Chemistry, 

University of Califo:r;nia, Berkeley, California 94720 U.S.A. 

Bis(dimethylformamido)bis(l,3-diphenyl-1,3-propanedionato) 

magnesium, (DMF) 2 (DPP) 2Mg, Mgc36H36N2o6, j.s monocli.nic, space 

group £2/c, with a= 16~893(3) A, b = 12.853(2) 1\, 

£ = 16.927(3) A, 13 = 117.085(5)
0 

at 23°C, Z = 4, de ~ 1.10 

g/cm3 . Tl1e structure was determined by direct methods arid 

refi.ned to R == 0 .. 06r1 for 1817. independent reflections 

measured with a scintillation counter using a 8-20 scan. 

Each magnc:::inm :Ls octahedrally eoord:Lnated by the oxygen 

atoms of t1·IO IMF and two diketone molecules. rrhe complex 

is monomeric and i.s situated on a 2-fold axis with the two 

DMF' molecu1es cis to each other. Some remarks are made on 

d.i.storUo•J:c; of :J:i.gn11d octahedra. 

·):· 

Work performed. under the auspices or the 

U.S. Atomic Enerc;y Commission. 



2 . 

Introduction 
~ 

Alkaline-earth ions are known t'o make complexes 

with various diketones, but few crystal structures of 

the compounds have been reported. We became interested 

in these substances and have investigated several 

complexes of 1,3-d.iphenyl-1,3-propanedion:e anion (DPP): 

With Mg, Ca and Sr as cations we obtained. suitable · 

crystals only when certain solvent molecules were involved 

in the coordination. 

This first paper reports the structure of 

Mg(DPP) 2 (d1methylformamide) 2 . The magnesium ion is 

octahedrally coordinated. The complex occurs as a monomeric 

unit possessing a crystallographic two-fold axis. The two neutral 

d.imethyJfo:r-mam:Ld.e solvent molecules are cis to one another ancl have 

bond lengths from the oxygen to the magnesium that are 

significantly longer than those from the DPP oxygens to 

the rnagnf: s 1 um. 

The cOWJHJcu.!d vJas synthesj_zecJ by combirling <'.tn 

aqueuLu; t;oJuL:Luu of magnesium acetate and an ethanolic 

sblution of 1,3-diphenyl-1,3-propanedione (HDPP) in a strong 
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NH3/NH4 Cl, pH 10, buffer. All materials used were of 

reagent grade and were not further purified before use . 

A pale yellow precipitate formed. immediately, and the 

mixture was stirred for several hours before the precipitat~ 

was filtered and dried in air. The filtrate, on standing, 

yielded another precipitate which was filtered and shown by 

its powder pattern to be identical to the first. 

Attempts were made to recrystallize the compound 

from various organic solvents and mixtures. Recrystallization 

from ethanol yielded crystals which decomposed rapidly, even 

in sealed capillaries. Precession photographs of these 

crystals were so poor that they could n6t be indexed.. 

Evaporation in air of d.imethylformamJde (DMF) soJut:ions 

of the compound yielded very good crystals wbich were used. 

throughout the rest of this investigation. These crystals 

still tended to decompose on exposure to air, but were stable 

in seaJed cap:Lllaries and in a desiccator over Drierite. 

The crysta1s v1ere also stable in air during one period of 

very lovJ htJ..midity, vJhich suggests that moisture is responsible 

for the decomposition. A powder pattern of the recrystallized 

matc:!rial war; different from that of' the-: original precipj_tate, 

but after expo:::;ure to air tne dif'fraction lines of the 

or:Lc).nal material slowly reappeared. 

Several crystals were mounted in Bealed quartz 

capiLlaries for study. Weisscnbcrg and prceession photographs 

1nd.:Lcated a n10nocli.nic unit cell with absences hl\.P,, h + k I 



2n and. hOt, .e 1- 2n. These absences are consistent with 

space groups Cc or C2/c, with b as the unique axis; 

solution of tne structure confirmed Q2/c as the space 

group. 

4. 

Further measurements were made with a General Electric 

XRJJ-5 manual three-circle diffractometer, and tl.'lelve 

high-angle reflections were carefully centered using 

Cu Ka.1 radiation (.A = 1.54051 ~). The cell dimensions 

were refined on the 28 measurements only, using program 

TTHCEL, a modification of a least-squares program supplied 

to us by H •. Hope. The cell parameters and their standard 

deviations as given by least squares ar~ ~ = 16.893(3) A, 
b ~ 12.853(2) A, £ = 16.927(3) K, ~ = 117.085(5) 0

, at 

23°C. The density was not measured due to difficulty in 

fincling a sui.table fJ.otation medium. The caleulatcd 

density for an empirical formula Mg(DPP) 2 gave Z '" 4,, 
") 

d = 0.96 gm/cm'" as the most reasonable result. ~,he density -c 

based on the actual composition of Mg(DPP) 2 (DMF) 2 with 

Z 1 is d . .,.., 1.10 gm/cm3 • -c 

Intensity data \vere collected frorn a crystal of 

aJlj)t·uxima.tc d:il:ie:Jw:i.ons 0.25 mm x 0.25 mm.x 0.30 rrnn sealc~d 

in a quart~ capillary and mmmted on a P:Lcl~er/Nuclear 

four-circle c:Uff:cactometer automated by a DEC PDP GI 

computer and disc, using graph:L te monochromatized (20m == 26.36 '') 

Cu Ko:. radiat:ion. Intens:Lt:Les were coJ.lected usinc; a 0-20 scan 

technique at an X-ray tube takeoff angle of 3°. i>calc.s were 
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scqnned at a rate of 1°/min from 0.9° below the predicted 

Ka1 position to 0.9° above the predicted 'Ka2 position. 

Backgrounds were counted for 10 seconds at positions 

offset 0.6° from each end of the scan interval (all angles 

in ?.0) . Aluminum attenuators were automatically inserted 

in the diffracted beam whenever the count rate exceeded 

10000 cps, and the peak and backgrounds were remeasured 

with the attenuators in place. The reflections (4 0 0), 

(2 0 2) and (0 4 4) were monitored periodically during the 

data collection and exhibited no decay in intensity. AJl 

reflections in the quadr~nt of reciprocal space +h,+k,±£ 

were measured out to a 28 angle of 120°' (sino;)_< 0.562) . 

2433 unique reflections were measured, of which Gl-1 had 

I< u(J). Net intensities and their standard deviations 

were ca:J.cu.lated by the formulae: 

I c + (B +B ) l 2 

v;llerc C oiJ; tlw tuLnJ coui1ts measured over scan t:imc t 
-C 

and n1 and B2 are the ba~kgruund counts, each measured 

for time !_b. No &bnorption correction ~U.i.S performed 

( 11 ·-· ~( .·r c~~- 1 ). Intensities of equivalent refJcctJons and 

thuse measu:t·~c;cJ IJlure than once were averaged. ~;tnndard 

equal to the greater of (1/nX ra·_. 2) 1/2 
- J. 

d~vJations were set 

where O'"i and J. 
J. 

are the standard 

(Jl' 
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deviation of the ith measurement and the deviation of 

the ith measurement from the average respectively; and. n 

is the nt~ber of reflections averaged. Lorentz and 

polar.i,zation factors were applied .. 

The scattering factors of Doyle andTurner (1968) 

were used. for neutral Mg, C and o, together with the real 

and imaginary dispersion terms of Cromer and Liberman 

(1970). The spherical hydrogen scattering factors of 

Stewart, Davidson and Simpson (1965) were used. 

Our least-squares program minimizes the function 

Iw(..1F) 2/IwF 2 • The weighting scheme used throughout the - - -o 

refinement gave zero weight if F2<a(F2 )-, and w = 1/u(F) 

otherwise. Finite differences were used to calculate 
2 2 cr(F) from cr(F ) and F : 

where p is a factor (equal 0.06 in the final cycles) used 

to reduce the weights of intense reflections, which arc 

mo1·e prone to undetected systemat:Lc errors, and CTc·(!2 ) == (_Lp) -lu( I). 

The folJ.ow:ing programs, written for our CDC GGOO computer, were 

also used :Ln the solution and refinement of tnj_s structure: 

MAGPTK, a program for interpretation of raw data from 

the Picker/DEC system;· INCOH, E.DI'J', and OJWEH, general data 

reduction prograllls; vliLSON, an unpublished program vlritten 

by Maddox and Maddox for applying Hilson's (1942) statistics 

' . 
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to data and calculation of normalized structure factors; 

REL, R. E. Long's ( 1965) program for direct determination 

of centric phases; FORDAP, A. Zalkin's Fourier analysis 

program; LSLONG; our modification of the Ganzel-Sparks-Trueblood 

least-squares program; DISMAT, a crystallographic distances 

and angles program which calculates standard deviations 
I 

using t.tie correlation matrix from least-squares; ORTEP, 

c. Johnson's (1965) thermal ellipsoid plotting program; 

LSPLAN, our modification of the least-squares planes program 

from the University of Pittsburgh; and LISTl and LISTAP, 

data presentation programs. 

Structure Determination and Refinement 
'V'\/V'\/'VV'"\.A/VV~~'V"\.,~'V"\.,'V"\.,~'V"\.,'V 

Normal:Lzecl structure factors, Eh, were calculated 

using Wilson's (1942) method. Analysis of the average 

2 values of E and E -1 strongly indicated the centric spate 

group (ave(E) - 0.792 vs. 0.792 (0.886) and ave jE
2
-l I= 0.973 vs. 

0.968 (0.736) theoretical values for the centric and 

(acentric) case). Since the most probable number of molecules 

in the unit cell was four according to density considerations, 

thiG impl:Led that tlw Mg atom had to lie either on the 

hJO-fo1d axi.s at x ~, 0, z :.:: l/4 or on a center of symmetry 

(0,0,0 or 1/d,l/~ ,1/4) in the eight-foJd space group . 

REL, H. E. Long's (1965) sign determination program 

was used in the attempt to determine the phases of the 316 

reflections with E > 1.50. After some faiJures, we found an 
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E-map which could be interpreted as a superposition ·of 

two non-centric structures. Selected ·atoms were refined 

by least-squares and Fourier methods, in space group Cc, 

until with. 45 atoms R1 = I IL1Fj /I~~~ was reduced to 0 .16, 

and a difference Fourier showed no peaks greater than 0.5 e/'A.3 . 

Refinement proceeded. slowly. At this point the structure 

consisted of Mg(DPP) 2 and two molecules of Jl'.1F in the 

asymmetric unit. 

Then it was noticed. that the Mg(DPP) 2 (DMF) 2 complex 

possessed a non-crystallographic (in Cc) two-fold axis 

:Ln the y_ direction and that the z of the Mg atom was very 

close to 0.25. The poor behavior of the refinement was thus 

explained, since supposedly unrelated parameters were 

actually heavily correlated. The structure was fitted to the 

centric grm.lp by changing the x coordinates of all the atoJns 

and averag:Lncr, the two...:fold related positions. Three cycles 

of centric full-matrix least-squares.refined quickly and 

with only ·snia11 shifts to an R1 of 0.154. The results of 

the vli1son statistics and the excellent refinement of the 

structure in the centric space group confirm that choice. 

AJ.J of the atoms were then allowed to refine wlth 

~t.n.i ;:;otrOJ.lJ.c.: LlwrmaJ. parameters, EU1d the n1 reduced to 0 .141. In 
further 
I\ ref i.nr~mi:~nt the fuc:tor .E. was i11cJuded in the wcic;ht:ing. 

I:lo<.;t of the l1ydrogcn atoms were located by a sequcncl.! of 

cJ:i.ffcrene:c Four:icr calculations. 'rhe hydrogen::.; attaehed 

to C(11) did not refine well in least-squares, ru1d they were 

1!1 
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included in the last calculations with fixed positions and 

thermal parameters. All other hydrogens were refined 

independently with isotropic thermal parameters. In the 

last cycle of least-squares all parameter shifts were less 

than 10% of their standard deviations. The final. R1 was 

0.067 for 1817 reflections. The final R2 =(Iw(.l1F) 2/IwF
0

2) 1/ 2 

was 0.065 and the standard deviation of an observation of 

unit weight was 1.30. The data were checked for secondary 

extinction with negative results. 

Values of F and the final differences are given 
-0 

in Table 1. The final coordinates and thermal parameters of the 

atoms are given in Table 2. 

Results and Discussion 
"V\.A/V'V"V'V"V~'VV'VV'V'VVV 

The structure is separated into well-defined complex 

e;roups ·with composition Mg(DPP) 2 (DMF) 2 . The magnesimn has 

a formal charge of +2 and each of the DPP ligandB h.as a 

formal charge_oi' -1; the DMF' molecules are formally neutral. 

'f.'he magnesium is in a speci.al position on the two-fold axis, 

and is coordj_nc=tted by two symmetry-related DPP and two 

symmetry-related DMF molecules. 'fhe two DPP llgandr; l:Le above 

and to ci thcr shle of the magnesium in such a way that their 

nJt:'an pJane;:; Corm a propeller around Et t1-vo-fold a:;:is. 'rhe 

planes of the two DMF' molecules are so oriented that there 

:i.s no ind:Lcat:i.on of a propeller in their conf:.Lguration 

(Fie;. 1). 
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The six oxygen atoms coordinating the magnesium lie 

on the corners of a slightly distorted·octahedron. The 

distances from the magnesium to the oxygens in the DPP 

ligand are identical to within a standard. deviation, at 2.055(2) ·A 

and. 2.057(3) ft., while the Mg~o distance to the DMF is slightly, 

but siE9J.ifJ.cantly, longer at 2.095(3) JL Both of these 

distances fall well within the range for typical Mg-0 distances 

in the literature (2 .0 A- 2.15 A), with the Mg-O(DPP) distance 

being shorter than the Mg-O(DMF) as expected. from electrostatic 

interactions. The angles of the octahedron are also 

distorted. (Table 3). The angle 0(2)-Mg-0(2) 1 is concave upward. 

in Fig. 1, and the 0(1)-Mg-0(1) 1 and 0(3)-Mg-0(3) 1 planes 

are b1isted out of' perpendicularity to this plane (Fig. 2). 

The distances between oxygens coordinating the Mg 

range from 2.81 A to 3.07 A, with the minimum distance being 

between the two oxygerts in the same DPP ligand. 'l,here are 

several clor;e C--0 and. C--C contacts within the complex, 

specifically across the two-fold. axis, due to the close 

bonding of the oxygens to the magnesiw:n. Analysis of the 

least-squares planes through portions of the molecules 

:Lnvolved shows that the DPP is pushed. avray from the two-fold 

axis so tllac Li1e Mg a. tom is 0 .5e l~ above the leant·-squarec 

plane of the diketone and. that the D.'\11" molecules are spread· 

avH.:LY from tttc axi:3 :::.o that Mg is above that molecular plane. 

by 0.29 K. (~'he distances given are the perpendicular d.:i.stanccr.. 

to the plane~ j_nvolvcd.. "Above" J.mplie::~ ttw.t the d:Lr;tancc from 

the plane to the Mg has a component upward j_n fo'ig. 1.) 

1\1 
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The two phenyl groups, the diketone ring and the 

U4F molecule are each planar to within five standard deviations 

of the coordinates of the atoms involved. The two phenyl 

rings are twisted with respect to the diketone plane by 

47.6° and 30.9° for the first (C(l)-C(6)) and second 

(C(l0)-C(l5)) rings respectively. The first phenyl ring 

is also bent so that C(6) is out of the diketone plane by 

o .o8 JL 

The average C-C distance in the phenyl rings is 

1.376 JL Other bond distances .in the DPP and' DMF molecules 

are as expected (Williams, 1966; Hollander, 1972; Sutton, 1958). 

The 0-C-C and C-C-C angles in the diketone are spread 

(ave. 125°) as expected, to give the ligand a bigger bite. 

In the phenyl groups the interior angle nearest the diketone 

is signlficantly·less than the ideal 120° (118.8° and 117.5° 

for the first. and second phenyls respectively). The phenyl 

C-C bond distances to the Eara carbon atoms are also systematically 

shorter than the C-C bond distances to the other carbons 

('I' able 4) ~ 

'fhe complexes themselves arc packed in an interlocking 

manner shown :Ln Fie;. 3. The phenyl rings extending away 

fro~ the two-fold axis (C(l0)-C(l5)) project into the open 

f:>JJCLCC between Llw utl!cr two phen.vl rings of a C-ce::nterinc; 

re1uted complex and the DMF molecules of the complex related 

to the second by a translation in z. The phenyl rings 

directed up the two-fold nxis wlth respect to the Mg project 
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into the area just below the Jl.1F molecules of the complex 

above it. The phenyls also project into the ~el~tively. 

open area to the ~ide of a complex related to it by a center 

of symmetry, and the Jlo.1F ligands into the open side of a 

complex related by the g glide at y_ =:= 1/4. 

There are only thre; short {<3 .50 A) inter-complex 

contacts between non-hydrogen atoms. They are 3.39 X from 

0{1) to a·c(l8) of the complex related to the first by the 

n glide at y_ = 1/4, 3.48 A from 0(2) to a C(2) of the c.omplex 

related by the center of symmetry at O,l/2,l/2 and 3.34 A 
from C(4) to a C(4) of the complex related by the g glide 

at y_ = 3/4. 

The octahedral coordination of Mg in Mg(DPP) 2 (DMF) 2 
is similar to that exhibited by other 13-diketone complexes 

of divalent metals, e.g. diaquobis(acetylacetonato)-maf':)lesium, 

lvig{AA) 2 (n2o) 2 {Morosin, 1967), Co{AA) 2(H2o) 2 {Bullen, 1959), 

ancl Ni(AA) 2 (H2o) 2 (Montgomer~r and Lingafelter, 1963). In 

each case, .the divalent metal cation is octahedrally 

coordinated by two ~-diketone ligands and two solvent 

molecules ln a monomeric unit. In all of these cases, the 

oxygen atoms in the solvent molecules are sie;ni.ficantly 

further a\'wy from the mctul ion than arc the ligand oxygen atoms. 

For tlle ~·1u;(DI'l')., complex, the d:lstortion (2.0G, 2.0G, 2.10 J\) 
G . 

is similar to the distortion for the acetylacetonato 

complexes of Mg (2.03, 2.04, 2.15 A), Co {2.05, 2.06, 2.23 A) 

,I 
I 
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and:Ni (2.oe, 2.01, 2.14 A). This effect is also noted 

in a dirneric situation with octahedral coordination in 

Co(~A) 2 (H20) (Cotton and Elder, 1966), and in cases where 

the'coord.in.~tion is not octahedral, as in the Ca and Sr DPP 

complexes (following two papers) and the seven-coordinate 

Ho{DPP) 3 (H2D) (Zalkin, Templeton and Karraker, 1969). 

; The octahedral complex Ni(HAA) 2 (H2o) 2·(clo4J2 

(Anzenhofer and Hewitt, 1971), in which all the ligands 

on the Ni++ are neutral, does not show this distortion. 

'rhe · distanc~s in Anzenhofer's structure are 2.07, 2 .02, 

2.04 A and ~.04, 2.03, 2.os A for the three independent 

distances a:round the two different Ni atoms, the distance 

to the water given last in each trio. 

The Mg.( DPP) 2 complex differs from the other octahedral 

complexes in that the solvent molecules are cis to one 

another on the coor~ination octahedron (Fig. 1). The 

solvent molE~cules are all trans to one another in the other 

monomeric complexes. The cis arrangement is not required 

b.)' the spac~~ group symmetry, which could. just as easily 

I .. 

accommodate the trans confj_guration, but, while all the other 

distorted octahedra could. be described as tetragonally 

d1storted, the .octahedron .Ln Mc;(DPP) 2(DMF') 2 cannot. 

Bullen explajns the distortion of the Co(AA) 2 (H2o) 2 
octahedron :J~n termo of combination of the available 

d-orbi tals <>f the Co. The same explanation could hold for 
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the Ni complex as well, but not for the magnesium 

complexes, since the Mg has no available d.-orbitals. 

Morosin concludes ~n his paper that the effect is due to 

packing forces rather than electronic ones since the diaquo 

Mg complex shows the same distortion as the Co and Ni 

complexes. The appearance of the same effect in Mg(DPP) 2 (DMF) 2 

o.nd in other structures noted above, where the packing 

and coordination environments are radically different, as 

well as the absence of any effect in the octahedral nickel 

acetylacctone perchlorate complex, leads us to suspect that 

the effect is primarily electrostatic in origin, with 

secondary contributions from d.-orbital hybridization and 

packing. 

We thank Mrs. Helena Ruben for her advice and 

assistance concerning many details of this work. 
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rl'able 1. F' , u(F ) and final differences for Mg(DPP) 2 (DMF') 2 0 ' 0 . 

(X 10.0) . Entries marked with an* were·given zero weight 

in least-squares. 

(Table :Ln bw parts to be reproduced photographically.) 
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Table 2. Final coordinates and thermal parameters. 

Standard deviations of the least significant digit(s) 

19. 

are given in parentheses. The form of the temperature factor 

(Bin units of J\2) is T = exp(-0.25(B11h2a* 2 + 2B12hlca*b* + · · ·)) 

for anisotropic, and T = exp(-B sin2B/A 2) for.isotropic 

thermal parameters. 

(Table to be reproduced photographically.) 
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0(3) .C579121 .222212) .3473121 ... 51 ll 4.3( 11 5.5(11 • 7 ( ll 2 ... (l J 1oO(lJ c Cl6) • 1330 ( 3, .16:)2(31 .3767131 s.u 2, 5.5(21 4.'H21 1.0( 21 2.512, .7(21 
N ( ll .1725121 .1230(31 .4443121 5.6121 5.4(21 4.6121 1.5111 1.6 Cll • 8( l) 
CC 17 I ~12111141 .0975( 51 .49oSI4J 11.1141 10.5(1,) 9.5(41 3.2131 5.9{3) 4.9131 c ( 18) .21.:0tH6 I .082 Ul .46Ci9(7J 7.3(4) 11.3171 10.4161 4.5(5) 3 .o I .. , 3.3(51 
H!C11 .01oC31 .H513J .OC8121 5.1(10) 
H (02 I ..,.057121 • 75401 -.075(3) 6.5(11) 
HI031 ~.153131 .8311(41 -.C44131 7.8(131 
Hl041 -.187(4) .788('<) .C69(31 9.:H151 
H(05J -.109(21 .641(3) .16l(2J 5.1(9) 
H COol .127121 • soon 1 .158(2) 4.719) 
HI C71 .258121 .27501 • 238(2, 4.8(9) 
H COS I .-406131 · .2l2C<tl • 29013 I 7.91141 
HIC91 o49113) ... 2701 .331(3) 7.1(111 
HI 101 .416131 .573131 .314131 5.71111 
H Cllt .2o412J .573(31 .267(2) 4.3(91 
HI 12 I .162(31. .1<17131 • 3"t 713 J 5.ollll 
HI 131 .2<11141 .lCOI~>l .533151 11.1:11231 
HI 1'-1 .251141 .C.211 5 I .4l:215J 9 .... 1251 
H ( l!: I .29dl5t .125lol .449(51 13.912dl 
H' let .1e1 .C9:> .573 12.000 
HC171 .o1o .140 .487 12.JCO 
H ( 110 olC88 .czos .4a82 12.0C..Q 
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Table 3. Bond angles (deg) around magnesiuma 

Atom(l) -Mg- Atom(2) Angle 

0(1) O(l)b :87.9 
0(1) 0(3) 174.0 
0(1) 0(3)b 91-3 
0(2) 0(1) 86.3 
0(2) O(l)b 90.4 
0(2) 0(2)b 175.1-i-
0(2) 0(3) 87.8 
0(2) 0(3)b 95-5 
0(3) 0(3)b 90.2 

(a) Standard deviation of each angle is ::±-~0 .1 o. 

(b) Related by two~fold axis through Mg. 

21. 
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Table 4. Intra-molecular and .intra-complex distances (!)a 

''" 
':(: ' . I I •; .. J ;·. 

... .Atoms.; 
~ • L 

Atoms Dis.tance :, ~ ., .Di:::tance' 
(I 

c(o2) 6coi> . ( \' ' 

6~ 90(1~) 
.. 

C(Ol) 1.381(6) H(Ol) 
C(02) C(03) 1.372{7). C(02) H{02) 0.9h{h) 
C(03) c(04) 1.369{7) C(03) H(03) 0.88{5) 
c(~) C(05) 1.376(6) C(04) · li(OII-) o. 91~ (5) 
C(05) C(o6) 1.393(5) C{05) H(05) 1.01(4) 
c(o6) C(Ol) 1.377(5) c(o8) H(06) o. 9'~ (11 ) 

C{o6) C{07) 1.489(5) C(ll) H(07) 0.9Q{h) 
C(07) O(l.) 1.261{4) C(l.2) H(08) o.8·r(5) 
c(crf) c(o8) 1.408(5) C(l.3) H(09) 0.95(5) 
C(o8) C(09) 1.381(5) C(l4) H(lO) 0.87 (lt) 

C(09) 0(2) 1.2'7'7(4) C(l.5) II(ll) 0.88(3) 
C(09) C(lO) 1.504(5) C(l6) H(l2) o. 86 (l~) 

C(10) C(ll) 1.384(5) C(17) H(l6)c 1.19 
C(ll) C(l2) 1. 367 (6) C(l7) H(r()c 0.$(.; 
C(l2) C(l3) 1.363(7) C{l7) H(l8)c 1.03 
C(l3) C(l4) 1. 366 c·r) C(l8) .· H(l3) 0.98{G) 
C(ll~) c(i5) l.3T7(6) C(l8) H{J)I) o. '{9(6) 

. C(l~) C(lO) 1.389(5) C(l8) H(l5) 1. 02(8) 
0{3) C(l6) 1. 228(5) 
C(l.6) N(l) 1.288(5) Mg 0(1) 2.057(3) 
N(l) C(l7) 1.4h1{6) Mg 0(2) . 2.055{2) 
1~(1) C(l8) Llt61(7) Jl~ 0(3) 2.095{3) 

0(1) O(J.) b 2.855(5) 0(2) 0(3) ?..8'(8(3) 
0(1) 0(2) 2.811(3) 0(2) 0(3)b 3.0'(2(3) _) .. 
0(1) 0(2)b 2.917(3) 0(3) O(J)b 2.5)68(5) 
0(1) 0(3)b 2.967(3) 

{u) St:.J.n..:l:.J.rd dE:viations gi.ven in parentheses. 
{b) Relo:ted by two-f'old uxis through J.lr;~ 

(c) Positions not refined by least-squares. 
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Figure Captions 

F'ig. 1. Stereoscopic view of the complex, showing 

configuration and labeling. The two-fold 

crystallographic axis runs vertically in the 

plane of the drawing. Hydrogens have been 

omitted for clarity. Thermal ellipsoids are 

scaled to include 50% probability·. 

23. 

F'ig. 2. Oxygen coordination of the Mg, showing distortion 

of the octahedron. The projection is down the 

two-fold axis onto the ac plane . 
. 

Fig. 3. Stereoscopic view of the unit cell, showing 

packj_ng of complexes. Labeled axes are positive 

from the origin. Hydrogens have been omitted 

for clarity. 
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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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