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Table S1. Initial compositions and final products in non-surfactant solvents (cases: 

1-8) and surfactant PEG-400 (cases: 9-12) 

 

No. Reagent Solvent Result 

1 GeS2 (0.5mmol, 0.068g)+ Mn(1.0mmol, 

0.055g)+S(2.5mmol, 0.08g) 

N2H4·H2O 

(2ml) 

Colorless 

microcrystals and 

green powder 

2 GeS2 (0.5mmol, 0.068g)+ Mn(1.0mmol, 0.055g)+ 

N2H4.H2O (0.4ml)+S(2.5mmol, 0.08g) 

ethylene 

glycol (1ml) 

Green powder 

3 GeS2 (0.5mmol, 0.068g)+ Mn(1.0mmol, 0.055g)+ 

N2H4.H2O (2ml)+S(2.5mmol, 0.08g)+ 

methyl 

alcohol (1ml) 

White floccus 

production 

4 GeS2 (0.5mmol, 0.068g)+ Mn(1.0mmol, 0.055g)+ 

N2H4.H2O (2ml)+S(2.5mmol, 0.08g) 

H2O (1ml) Dark green powder 

5 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 

0.055g)+Se(2.5mmol, 0.197g) 

N2H4·H2O 

(2ml) 

Orange powder 

6 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 

N2H4.H2O (2ml)+Se(2.5mmol, 0.197g) 

ethylene 

glycol (1ml) 

Orange powder 

7 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 

N2H4.H2O (2ml)+Se(2.5mmol, 0.197g) 

methyl 

alcohol (1ml) 

Orange powder 

8 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 

N2H4.H2O (2ml)+Se(2.5mmol, 0.197g) 

H2O (1ml) Orange powder 

9 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ en (0.4 

ml)+Se(2.5mmol, 0.197g) 

ethylene 

glycol (1ml) 

Orange and black 

powder 

10 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ en (0.4 

ml)+Se(2.5mmol, 0.197g) 

methyl 

alcohol (1ml) 

Orange powder 

11 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ en 

(0.4ml)+Se(2.5mmol, 0.197g) 

H2O (1ml) Orange powder and 

black powder 

12 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 1,2-

dap (0.4 ml)+Se(2.5mmol, 0.197g) 

ethylene 

glycol (1ml) 

Black powder 

13 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 1,2-

dap (0.4 ml)+Se(2.5mmol, 0.197g) 

methyl 

alcohol (1ml) 

Black powder 

14 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 1,2-

dap (0.4 ml)+Se(2.5mmol, 0.197g) 

H2O (1ml) Black powder 

15 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 1,3-

dap (0.4 ml)+Se(2.5mmol, 0.197g) 

ethylene 

glycol (1ml) 

Black powder 

16 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 1,3-

dap (0.4 ml)+Se(2.5mmol, 0.197g) 

methyl 

alcohol (1ml) 

Black Powder 

17 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 1,3-

dap (0.4 ml)+Se(2.5mmol, 0.197g) 

H2O (1ml) Black solid 

18 GeSe (0.5mmol, 0.076g)+ Mn(1.0mmol, 0.055g)+ 

N2H4.H2O (2ml)+Se(2.5mmol, 0.197g) 

PEG400 Large black needle 

crystals (Se crystals) 

19 GeS2 (0.5mmol, 0.068g)+ Mn(1.0mmol, 0.055g)+ en 

(0.4ml)+S(2.5mmol, 0.08g) 

PEG400 Green powder and 

colorless 

microcrystals 

20 GeS2 (0.5mmol, 0.068g)+ Mn(1.0mmol, 0.055g)+ 1,2-

dap (0.4ml)+S(2.5mmol, 0.08g) 

PEG400 Green powder 

21 GeS2 (0.5mmol, 0.068g)+ Mn(1.0mmol, 0.055g)+ 1,3-

dap (0.4ml)+S(2.5mmol, 0.08g) 

PEG400 Green powder 

 



Table S2. Selected interatomic distances (Å) and angles (°) for compound 1. 

N1—Mn1
i
 2.176 (3) Mn2—S2 2.6938 (8) 

N2—Mn2
ii
 2.219 (3) Mn2—S2

vii
 2.6938 (8) 

Mn1—N1
iii

 2.176 (3) Ge—S3 2.1734 (8) 

Mn1—S1 2.4637 (9) Ge—S1 2.2025 (8) 

Mn1—S2
iii

 2.5111 (9) Ge—S2 2.2096 (7) 

Mn1—S3
iv

 2.5465 (9) Ge—S4
ii
 2.2478 (7) 

Mn1—S3
iii

 2.8656 (9) S2—Mn1
i
 2.5111 (9) 

Mn2—N2
v
 2.219 (3) S3—Mn1

iv
 2.5465 (9) 

Mn2—N2
vi

 2.219 (3) S3—Mn1
i
 2.8656 (9) 

Mn2—S1
vii

 2.6793 (9) S4—Ge
v
 2.2478 (7) 

Mn2—S1 2.6793 (9) S4—Ge
vi

 2.2479 (7) 

N1
iii

—Mn1—S1 123.54 (11) N2
vi

—Mn2—S2
vii

 88.46 (10) 

N1
iii

—Mn1—S2
iii

 117.16 (12) S1
vii

—Mn2—S2
vii

 81.18 (2) 

S1—Mn1—S2
iii

 115.84 (3) S1—Mn2—S2
vii

 98.10 (2) 

N1
iii

—Mn1—S3
iv

 96.49 (10) S2—Mn2—S2
vii

 179.00 (4) 

S1—Mn1—S3
iv

 101.64 (3) S3—Ge—S1 114.33 (3) 

S2
iii

—Mn1—S3
iv

 89.96 (3) S3—Ge—S2 106.69 (3) 

N1
iii

—Mn1—S3
iii

 82.01 (10) S1—Ge—S2 104.82 (3) 

S1—Mn1—S3
iii

 87.88 (3) S3—Ge—S4
ii
 113.98 (3) 

S2
iii

—Mn1—S3
iii

 81.40 (2) S1—Ge—S4
ii
 110.78 (2) 

S3
iv

—Mn1—S3
iii

 169.29 (2) S2—Ge—S4
ii
 105.28 (3) 

N2
v
—Mn2—N2

vi
 90.7 (2) Ge—S1—Mn1 106.67 (3) 

N2
v
—Mn2—S1

vii
 173.38 (10) Ge—S1—Mn2 85.52 (3) 

N2
vi

—Mn2—S1
vii

 89.96 (10) Mn1—S1—Mn2 130.27 (3) 

N2
v
—Mn2—S1 89.96 (10) Ge—S2—Mn1

i
 86.12 (3) 

N2
vi

—Mn2—S1 173.38 (10) Ge—S2—Mn2 85.03 (3) 

S1
vii

—Mn2—S1 90.15 (4) Mn1
i
—S2—Mn2 112.29 (3) 

N2
v
—Mn2—S2 88.46 (10) Ge—S3—Mn1

iv
 106.32 (3) 

N2
vi

—Mn2—S2 92.25 (10) Ge—S3—Mn1
i
 78.43 (2) 



S1
vii

—Mn2—S2 98.10 (2) Mn1
iv

—S3—Mn1
i
 115.92 (3) 

S1—Mn2—S2 81.18 (2) Ge
v
—S4—Ge

vi
 100.41 (4) 

N2
v
—Mn2—S2

vii
 92.25 (10)   

 

 

Table S3. Selected interatomic distances (Å) and angles (°) for compound 2. 

Mn3—N2 2.184 (8) Ge2—Se3
ii
 2.3514 (10) 

Mn3—N2
i
 2.184 (8) Ge2—Se3 2.3514 (10) 

Mn3—N4
i
 2.198 (8) Ge1—Se2 2.2652 (10) 

Mn3—N4 2.198 (8) Ge1—Se1 2.3184 (10) 

Mn3—Se1
i
 3.0065 (9) Ge1—Se4 2.3548 (10) 

Mn3—Se1 3.0065 (9) Ge1—Se3
ii
 2.3747 (11) 

Mn1—Se5 2.5468 (18) Se4—Ge1
ii
 2.3548 (10) 

Mn1—Se1 2.5532 (12) Se3—Ge1
ii
 2.3747 (11) 

Mn1—Se1
ii
 2.5532 (12) Se6—Mn1

iv
 2.5560 (17) 

Mn1—Se6
iii

 2.5560 (17) Mn2—N1
ii
 2.245 (7) 

Mn2—N3 2.236 (7) Ge2—Se5 2.3066 (14) 

Mn2—N3
ii
 2.236 (7) Ge2—Se6 2.3242 (14) 

Mn2—N1 2.245 (7)   

N2—Mn3—N2
i
 180.0 (5) N3

ii
—Mn2—N1

ii
 162.4 (3) 

N2—Mn3—N4
i
 100.2 (3) N1—Mn2—N1

ii
 100.1 (4) 

N2
i
—Mn3—N4

i
 79.8 (3) Se5—Ge2—Se6 111.31 (6) 

N2—Mn3—N4 79.8 (3) Se5—Ge2—Se3
ii
 114.36 (3) 

N2
i
—Mn3—N4 100.2 (3) Se6—Ge2—Se3

ii
 103.71 (4) 

N4
i
—Mn3—N4 180.0 (7) Se5—Ge2—Se3 114.36 (3) 

N2—Mn3—Se1
i
 88.8 (2) Se6—Ge2—Se3 103.71 (4) 

N2
i
—Mn3—Se1

i
 91.2 (2) Se3

ii
—Ge2—Se3 108.36 (6) 

N4
i
—Mn3—Se1

i
 85.0 (2) Se2—Ge1—Se1 114.80 (4) 

N4—Mn3—Se1
i
 95.0 (2) Se2—Ge1—Se4 103.44 (4) 



N2—Mn3—Se1 91.2 (2) Se1—Ge1—Se4 110.63 (5) 

N2
i
—Mn3—Se1 88.8 (2) Se2—Ge1—Se3

ii
 105.53 (4) 

N4
i
—Mn3—Se1 95.0 (2) Se1—Ge1—Se3

ii
 112.77 (4) 

N4—Mn3—Se1 85.0 (2) Se4—Ge1—Se3
ii
 109.10 (4) 

Se1
i
—Mn3—Se1 180.00 (3) Ge1

ii
—Se4—Ge1 110.74 (6) 

Se5—Mn1—Se1 111.59 (4) Ge1—Se1—Mn1 102.26 (5) 

Se5—Mn1—Se1
ii
 111.59 (4) Ge1—Se1—Mn3 104.52 (3) 

Se1—Mn1—Se1
ii
 111.87 (7) Mn1—Se1—Mn3 127.06 (4) 

Se5—Mn1—Se6
iii

 95.70 (6) Ge2—Se3—Ge1
ii
 108.21 (4) 

Se1—Mn1—Se6
iii

 112.56 (4) Ge2—Se5—Mn1 100.72 (6) 

Se1
ii
—Mn1—Se6

iii
 112.56 (4) Ge2—Se6—Mn1

iv
 106.28 (6) 

 

 

 
 

Table S4. Selected interatomic distances (Å) and angles (°) for compound 3. 

Ge1—Se1 2.2834 (8) Mn1—Se4
ii
 2.8584 (5) 

Ge1—Se4 2.3099 (8) Se2—Se2
i
 2.3365 (12) 

Ge1—Se3 2.4010 (7) Mn1—N2
ii
 2.245 (5) 

Ge1—Se2 2.4039 (8) Mn1—N2 2.245 (5) 

Se4—Mn1 2.8584 (5) Mn1—N1
ii
 2.260 (5) 

Se3—Ge1
i
 2.4010 (7) Mn1—N1 2.260 (5) 

Se1—Ge1—Se4 119.10 (3) N1—Mn1—Se4 88.69 (13) 

Se1—Ge1—Se3 111.53 (3) N2
ii
—Mn1—Se4

ii
 91.72 (13) 

Se4—Ge1—Se3 106.18 (3) N2—Mn1—Se4
ii
 88.28 (13) 

Se1—Ge1—Se2 103.48 (3) N1
ii
—Mn1—Se4

ii
 88.69 (13) 

Se4—Ge1—Se2 112.50 (3) N1—Mn1—Se4
ii
 91.31 (13) 

Se3—Ge1—Se2 102.98 (3) Se4—Mn1—Se4
ii
 180.0 

Ge1—Se4—Mn1 107.40 (2) C2—N2—Mn1 106.5 (4) 

Ge1
i
—Se3—Ge1 102.85 (4) C1—N1—Mn1 108.8 (4) 



Se2
i
—Se2—Ge1 97.08 (3) N2—Mn1—N1 78.3 (2) 

N2
ii
—Mn1—N2 180.0 N1

ii
—Mn1—N1 180.00 (17) 

N2
ii
—Mn1—N1

ii
 78.3 (2) N2

ii
—Mn1—Se4 88.28 (13) 

N2—Mn1—N1
ii
 101.7 (2) N2—Mn1—Se4 91.72 (13) 

N2
ii
—Mn1—N1 101.7 (2) N1

ii
—Mn1—Se4 91.31 (13) 

 

 

Table S5. Selected interatomic distances (Å) and angles (°) for compound 4. 

Se1—Ge 2.3514 (11) Se3—Mn
i
 2.5503 (15) 

Se1—Mn 2.5561 (13) Se4—Ge
ii
 2.3550 (12) 

Se2—Ge 2.3625 (10) Se4—Mn 2.5717 (14) 

Se2—Mn 2.5714 (14) Ge—Se4
i
 2.3550 (12) 

Se3—Ge 2.3480 (11) Mn—Se3
ii
 2.5503 (15) 

Ge—Se1—Mn 82.60 (4) Se1—Mn—Se2 92.16 (4) 

Ge—Se2—Mn 82.06 (4) Se4—Mn—Se2 115.42 (5) 

Ge—Se3—Mn
i
 82.80 (4) Se1—Ge—Se2 103.17 (4) 

Ge
ii
—Se4—Mn 82.20 (4) Se4

i
—Ge—Se2 111.93 (4) 

Se3—Ge—Se1 113.20 (4) Se3
ii
—Mn—Se1 121.82 (5) 

Se3—Ge—Se4
i
 102.96 (4) Se3

ii
—Mn—Se4 91.84 (4) 

Se1—Ge—Se4
i
 113.10 (4) Se1—Mn—Se4 121.12 (6) 

Se3—Ge—Se2 112.83 (4) Se3
ii
—Mn—Se2 116.74 (5) 

 

 

 

 

 



.  

Figure S1. EDX results of compound 1. 



 

Figure S2. EDX results of compound 2. 



 

Figure S3. EDX results of compound 3. 

 

 



 

Figure S4. EDX results of compound 4. 

 

 

 

 

 



 

 

 

Figure S5. (a) Co-ordination environments of S3 atoms (b) Connection of 

[MnGe2S8N2]n chains and MnS3N tetrahedra as with the atom numbering scheme. 


