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Yes, Solvent Molecules Do Matter: Solvatomorphism and 
Polymorphism of cis-2,2-tetrakis(monothiosuccinimidato)dimolybdenum(II)

Brian S. Dolinar, Ilia A. Guzei, and John F. Berry*
Department of Chemistry, University of Wisconsin – Madison, 1101 University Avenue, Madison, WI 53706

•Two solvatomorphs of cis-2,2-Mo2(SNO5)4 identified and structurally characterized
•MeOH solvatomorph undergoes reversible phase transition between monoclinic P and 
triclinic P lattices
•Non-merohedral twin forms upon cooling below transition temperature

Form 1 (200K)

Form 2 (100 K)

Form 1 Form 2

Mo-Mo (Å) 2.1429(18) 2.1408(3)

Mo-Navg (Å) 2.161(10) 2.159(2)

Mo-Savg (Å) 2.495(4) 2.4942(7)

Mo-Oax (Å) 2.6533(6) 2.679(2)

Introduction

MeOH Solvatomorph

Structurally identical in spite of 
different unit cells

Cool 200K – 100K

Warm 100K – 200K

b

a
triclinic P (100 K)

monoclinic P (200 K)

Structural Overlay

DCM Solvatomorph

Mo Mo
6
 
NEt3

MeOH
Mo2(O2CCF3)4 + 4

N
H

OSpyridineMo Mo

Temperature/K 100(1)
Crystal system monoclinic
Space group P21/c
a/Å 9.101(4)
b/Å 20.55(1)
c/Å 7.445(4)
α/° 90
β/° 110.31(2)
γ/° 90
Volume/Å3 1306(1)
Final R indexes 
[I>=2σ (I)]

R1 = 0.0366
wR2 = 0.0833

Final R indexes [all data] R1 = 0.0509
wR2 = 0.0884

Phase Transition

Comparison between cis-2,2 and trans-2,2 complexes

While there are many [Mo2]4+ compounds known in the literature, most have limited reactivity in 
their axial positions. We have shown that dimolybdenum thioamidate (Mo2(SN)4) compounds 
can make axial chemistry of the [Mo2]4+ unit more accessible. Most Mo2(SN)4 compounds form 
the trans-2,2 isomer, which is thermodynamically favored due to sterics. However, the thioamide 
ligand monothiosuccinimde has the unique ability to form either the trans-2,2 and cis-2,2 
isomers selectively based on the solvent used in the reaction.  Crystallographic characterization 
of solvatomorphs and polymorphs of the cis-2,2 isomer suggest a reason for this selectivity.

Unit cells taken at temperatures ranging from 100 K to 200 K reveal phase change

Disorder resolved in one MeOH, 
breaking the symmetry

Disordered MeOH molecule 
able to form hydrogen 
bonds with either O1 or O2

DCM molecules 
exhibit weak, non-
classical  hydrogen 
bonding with O 
atoms of ligand

Phase Change: 153 ± 1 K

Twinning

1/4 1/4 1/4

1/4 1/4 1/4

•Transition temperature 153 ± 1 K
•Hydrogen bonding and axial coordination contribute to stabilization
of cis-2,2-Mo2(SNO5)4 relative to trans-2,2-Mo2(SNO5)4

Form 1 Form 2
Temperature/K 200.0 100.0
Crystal system monoclinic triclinic
Space group P21/c P�1
a/Å 9.0133(5) 8.990(3)
b/Å 14.7157(12) 14.717(7)
c/Å 10.0976(7) 10.048(4)
α/° 90 89.646(17)
β/° 111.403(4) 112.528(13)
γ/° 90 88.73(2)
Volume/Å3 1246.95(15) 1227.6(9)
Z 2 2
Data/restraints/parameters 2451/39/180 8926/0/333
Goodness-of-fit on F2 1.063 0.978

Final R indexes [I>=2σ (I)] R1 = 0.0183
wR2 = 0.0449 

R1 = 0.0516
wR2 = 0.1177

Final R indexes [all data] R1 = 0.0196
wR2 = 0.0455 

R1 = 0.0740
wR2 = 0.1270

RMSD = 0.218 for 15 molecules

Upon cooling to 100 K, the diffraction pattern shows split diffraction spots, indicating non-merohedral twinning

Twin Law

Unit Cell Overlay

trans arrangement of 
oxygen atoms precludes 
coordination of MeOH
and subsequent 
formation of hydrogen 
bonds
Ability to form hydrogen 
bonds makes cis-2,2 
isomer more stable in 
MeOH than trans-2,2 
isomer

The twin law is a 2-fold 
rotation around b, 
consistent with change 
from monoclinic to 
triclinic

trans-2,2cis-2,2

Close-contact between pendant oxygen atoms 
and axial position of Mo2 in place of MeOH

Hydrogen bonding and axial coordination present 
in both solvatomorphs

Cool 
200 K - 100 K

Warm 
100K - 200 K

Upon cooling, loss of 2-fold screw axis 
and c-glide

Summary and Conclusions

cis arrangement of oxygen 
atoms allows coordination of 
MeOH in axial Mo2 site

b

c

b

c

Metrical Comparison

o

o

N
H
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Form 1 gray carbons, Form 2, green carbons
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Sheet1

		Temperature		a		b		c		alpha		beta		gamma		volume		alpha diff		gamma diff

		200		9.0154		14.7056		10.1084		90.021		111.4596		89.9844		1247.236		0.021		0.0156

		190		9.0111		14.6977		10.0956		90.0661		111.4753		89.9446		1244.263		0.0661		0.0554

		180		9.0064		14.6834		10.0819		89.9344		111.4623		90.0576		1240.824		0.0656		0.0576

		170		9.0112		14.6952		10.0787		89.9185		111.4612		90.0734		1242.102		0.0815		0.0734

		160		9.0129		14.712		10.0756		89.9544		111.4623		90.0497		1243.359		0.0456		0.0497

		159		9.02		14.7247		10.0899		90.0239		111.491		89.9812		1246.932		0.0239		0.0188

		158		9.0031		14.6987		10.069		89.9027		111.604		90.0903		1238.861		0.0973		0.0903

		157		9.0061		14.7062		10.0768		90.025		111.6117		90.0059		1240.791		0.025		0.0059

		156		9.0069		14.7146		10.0813		89.9492		111.6726		90.0381		1241.656		0.0508		0.0381

		155		9.0153		14.7363		10.0937		90.0173		111.6543		89.9302		1246.345		0.0173		0.0698

		154		9.0245		14.7527		10.1036		89.9368		111.6936		90.0518		1249.886		0.0632		0.0518

		153		9.0294		14.7701		10.1159		89.8631		111.6704		90.2147		1253.755		0.1369		0.2147

		152		9.0547		14.8108		10.1433		90.2569		111.6417		89.6213		1264.373		0.2569		0.3787

		151		9.052		14.816		10.139		89.69		111.62		90.44		1264		0.31		0.44

		150		9.0357		14.7859		10.1237		89.7374		111.7063		90.3553		1256.599		0.2626		0.3553

		140		9.0725		14.8563		10.1595		89.7334		112.007		90.2698		1269.54		0.2666		0.2698

		130		9.0239		14.7824		10.1058		89.6337		111.897		90.4755		1250.767		0.3663		0.4755

		120		9.0157		14.7935		10.115		90.2816		112.5722		89.4085		1245.662		0.2816		0.5915

		110		8.9947		14.7425		10.0706		89.7678		112.5844		90.624		1232.959		0.2322		0.624

		100		9.047		18.8494		10.1345		90.2421		112.1977		89.943		1260.574		0.2421		0.057
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