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Abstract: Mg can be reversibly deposited from ethereal solutions of Grignard salts of the RMgX type (R = alkyl, aryl
groups and X = CI, Br etc.). However, effect of different substituent groups on the electrochemical properties of Grig-
nard electrolyte is rarely studied. In this paper, we synthesized a series of phenyl Grignard reagents with substituent
groups in different positions and investigated their electrochemical performance. The results show that the Mg deposi-
tion/dissolution reversibility and electrochemically stable window of the phenyl Grignard reagent electrolytes are
greatly influenced by fluorine or methyl group in different positions on the phenyl ring. These findings pave the way to
develop new electrolyte systems for rechargeable magnesium battery.
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Figure 1. Synthesis route of Grignard reagents

1. RBEREAFIE A%

Copyright © 2013 Hanspub



FA I Ao 4 A% R P AR VR P A S BE RO S

KAPER Schlenk FHARCEAK TG EIRIER A) K
il IR, BARE BURIE T AR

BB RS2 (<0.3 mbar), fEFHEAOR
A FHERERRMN T E LA R4, U2
XA LRREK S AHERRE, TAEAEA,
TELRFF R A IR, IIA—E &K Mg 2%(0.264 g, 11
mmol), /& LAEASIAFNE S0 mL H) =+,
FREUE BRAHR I 2E(1.71 g, 10 mmol) I 218 ki
WO, BRI 10 mL 1 20 DY &5 T B 1
mol-L™" (VAR . 16 = UG I > & R (LA
NIlGFdifE Mg 2N, 2 JaRERom#G| kR M.(51 &
ROANEERERE), [R5 K G I8 e b, FERIR 2%
TG INSS, AERR IRRE O . e s, gkst
PFE, W INE65CEIR 1~2 /N, RJERETR=E
TEAF = o A PR R B2 SR FH IR i o V5 2R AT b
SE o [RIRE BT VERIL T AN R BRI 1) 5 s AR 71

2.3. Chevrel 18 MoSs IERM Y& AR

B SEIB I A K Chevrel 41 Cu,MogSs, [
JrfEaan
2CuS-H,0+3MoS, +3Mo — Cu,Mo,S,+2H,0 T (1)

T BBk it HEFREL CuS-H,0. MoS,. Mo #3PA
RN R KCIU M) 5RE R LN 1:2). SR 5 X LK
UM AR TAE— T EE 30 rdh, iS5 R A1
—id. K WEE LR R s R N S, SRS
BIE BT, EERIIFART T, 850°CiRE
Thesk 60 /NF, FHESEZF N 2°C-min”', RGN E
SRV IR IR R o B R VK 25 5 1K 75
TEVE 3 Ko B0 JE TR IR Cu,MoeSs, YT AE
110°CIHLE N H 25 T8 2 /M5 XRD 4347 .

N TAFE] MoeSs IEWA KL, FATH 12 g 1
Cu,MogSs FEHE NS 20 ml () 252 /KA (HCL:H,0
= LD)FIREM T, EER T 2~4 K, HxMNTE
K@) FRIY N T i N T, R R
Haf LB 0,(100 c-min )7 AN/, 2 S5 %R R ES
L, A 100 ml 2 B 7KiE¥E 3~4 G133 MogSs 1EK
PEL, 120°C T AT 2 /NS S XRD 43#7

2.4. BN

A% PG 751 R V1D P A 2 AT AR B AR 1
I IEFAR 22 th Ze(CV) R FIWT o BEAS ST A2 Gl U
PFER BT, RHAZBRAERI. TR
Pt £ HAR(EAR 2 mm, TAEHEAN 0.0314 cm?). X H
WRANZ: L AR R AT B Se BE k. IR, I
H AL (OCV) JF 46 0] 47 0] 41 4, I Ry 50
mV-s o FTAT AR A 4k = ALK K (500 nm)
HATIOCAL I, SRE WK ER, £8 7K, NER
BATIEVE, WIRERE A AR AR BT BB
MR T4 3 /NS, TRONTFEFEH %A

BESBAER U - W AT RS A
$¢ CR2016 F=HIBSRFEAT IR AR AR G
Cu HIMR, XFHLRRCR AT B B o R R A bm vt 1)
Clegard 2400 i, HIFBCAK FGR B THE WM. H
WHELF G, E=FIRTFHE 2~4 N5 HEETIE.
BN Land ABCENNA RS AT, 808
I AR AR E R AR R B AL B DR OB, LI 2
R 0.5 mA-cm >, SRARTEIEHIGEH 1 M) 78
P I R D 0 R TARTE A A b PRI B PR H R B
FLEE N 0.5 mA-cm 2, K HLEFEHI(FERE 0.8 V
vs. Mg RE).

3. XIWHER5TIL

6 T BE ER(RMgX)7E THF 375 T Ref% %
FRRRE BT, AT BEE PRALE LA rT e O RV BE (1
P, H R e B O R Bl R R R Rk
7€, MKZER(F, CL Br, DIUFRAE AR EALRE, HiEkE
P AR 7RI 56 26 P M A 1) AL 2 R e B T A TR B
TR AT BT DL R BRSO FE b S R
CUREMR B N 2R . R, 7EWFFCH, g e A Br
JOE, BUEAE R R, & — R IR EH IR
AR, BT [T I B AN A AR AT B0 R A
PRI A FELAL 2 1 BB 2 T

3.1. AREMEE F B EEARERIRFT
HRBNER T — RV FALE SR 2K

Cu,Mo,S; (s)+8HCI(aq) +0, — Mo,S; (s)+2H,0+2[CuClL,]" (aq)+4H" (aq) ©)

Copyright © 2013 Hanspub



FA I Ao 4 A% R P AR VR P A S BE RO S

% IR R, X BT IR A 2 PR IEAT T
X, B 2 g SR = g A k7 AR AE Pt H
W ERER R M. IR LUE H, EXAL AN
A7 AR 3R B IR BE ) THF ¥ ¥ T LS I
BT TR S, A EE D008 2.4 VR
235 Vo BEMATIGURL - V5 H 0 FRTE A7 UK 6
IRBEIRANEE R R B K, T AT AU PR SR A% 1K
PRI FAAR ) LT3 B 22 1, A RIS B UL
TR, FHEA ML BB g & 2 FIE B BTR)

AT 7 2 F &5 B 2R A% T
2B, W 3 Fos. fEARFEART FEA F IR FEL
fRIE 3,5- AR EIREE R, SR BEAE STV LI R
DO - R 3(a)), AN A F BRI 2,4,5-
SRS S G ROR S B, A AL
S, BEEFORANRREHT IO - WA, A
ST 3(b)Fn). [EFE, HALE F ELS
A7 T BRAR PR A A EAR T B R IAF AE AR AL B 5, BT
RELRAML A F BRI 2R B IR A s ik 2
TEPE, BRI RTTR

BETERE AR BRI tH I S BN AH M B 2%, 5 IR
A RMgX)FEH BRI IEE L RMgX AT
AFALE, A2 A2 Fh P 1 B A8 5 1 4% o 3% RE AL & A7
75, Mo E B — A4 Schlenk “F-#!™:

2RMgX — MgR, + MgX, 3)
K IR RMgX TE BRI R 1R B A il 15 P47 A -
2RMgX — RMg" + RMgX; (4)

BEAE A% IR O TR B AT TR - W H
AT NPT LA B R A SRR R -
BRI AR
2RMg"+2e” — Mg+R,Mg %)
BERVA I A
Mg+2RMgX; — 2MgX,+R,Mg+2¢~  (6)

FERS BAR AR A7 EAR 2 Tl g7 (17
Yy, Herpoeh Al U AR SRR R U E VAR T e R T
FE )y RMg", RMgX;, o MARALEBUR ) SR L I AL 8.
AREREAT BRI T YU S I, LR AT RE 2 TR
JE 7 BRI T, AR RS R B AR T
VT 2 DL RIRIIE AR LT RESS I I 4

10

6
| —— P-FPhMgBr/THF
- - -m-FP Br/THE
1+ o-FPhMgBr/THE
|
<
g
g of
=t L
S
24
4+

15 1.0 05 00 05 1.0 15 20 25 3.0
Potential(V vs.Mg RE)

Figure 2. Typical cyclic voltammetric behavior of Pt electrode in
three F-substituted phenyl Grignard reagent electrolytes. (Black)
p-FPhMgBr, (Red) m-FPhMgBr, (Green) o-FPhMgBr. The inset is

enlarged CVs of o-FPhMgBr/THF solution.
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Figure 3. Typical steady-state voltammograms of Pt electrode in
two multi F-substituted phenyl Grignard reagent electrolytes: (a)
3,5-diFPhMgBr/THF solution; (b) 2,4,5-triFPhMgBr/THF solution
scanning rate: 50 mV-s™'

3. AHSEMREERRRFBRELE Pt B EHERRR
Hig%: (a) 3,5-Z@MFHRWEN THF BE; (1) 245-=BFER
400 THF Jil, AREER S0mv-s™

), ABEAEFR A RO B T4 RMg", RMgX; o
AT B AT A A ) SRR S AL B VA AL i 1
F AT AR, o0 A% QAR i, I BRIk

Copyright © 2013 Hanspub



FA I Ao 4 A% R P AR VR P A S BE RO S

Br

Br

Figure 4. The possible chemical structure for dimmer of
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Figure 5. Typical cyclic voltammetric behavior of Pt electrode in
three methyl-substituted phenyl Grignard reagent electrolytes.
(Black) 3,5-diMePhMgBr, (Red) o-MePhMgBr, (Green)
m-MePhMgBr, (Blue) p-MePhMgBr
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Table 2. Conductivity data and electrochemical properties of
phenyl Grignard reagent electrolytes methyl-substituted in differ-
ent positions

R 2. FEMIE PRI FEE R B R SR R B

el , " AL
BARRA e meg wae o
Grignard mol-L™! S-em! Reversibili RieH
reagent v Hv
He < > M 1.723 x 107 97 14V
Me,
@—Mgar 1 1.175 x 107 98 22V
Me
Q 1 124110 98 2.2V
MgBr
Me,
%}MQB’ 1 1.05x 107 98 225V
Me
Me
QMQB' 1 1.075 x 107 98 2.5V
Me
5
k) @ MO,
2
2
8
8
() Cu,Mo,S,
1 " 1 " 1 1 1 " 1 " 1 " 1

10 20 30 40 50 60 70
2Theta(deg.)

Figure 6. A typical XRD patterns of Cu,MoS; as synthesized using
molten salt method (a) and MogS; after the Cu’* was leached out in
HCI acid solution (b)
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Figure 7. Typical SEM images of Cu,MoS; as synthesized using
molten salt method (A), (B) and MoSs after the Cu®* was leached
out in HCI acid solution (C), (D)
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Figure 8. Charge-discharge profiles Mg/MosSs coin-cells during
cycling at constant currents (0.05 C), the electrolyte is 1 mol-L™"
p-FPhMgCVl/THF solution. Current collector is Ni
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