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MEPBr2,+1-WMSs®9] Linear Sweep Voltammograms(LSVs).
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nee= AA 4 (Brs % 270), F+= Faraday constant, ax =9
271 (A4% Pt UME® kA&, 5um), DBr;£(6.57*107 cm?s’)
MEPBran+1-WMS ¢ Brs 9 Diffusion coefficient ol™ o]& 4
(6)2] Stokes-Einstein WA Al ol A= 9o},

K,T

BT‘g (org) - 67T7T7Br
3

(6)

KgE Boltzmann constant, T+ 2%, yBrs + Brs ¢ AH
(3.02A), 2]3 nT QBron+1-WMS ¢ HAXo|ch(¢F 0.011 Pa
s).2Hd AF =5 MEPBron+1-WMS 94¢] CBrs &= 110M & 4
¥, o] MEPBros+17} Brs” & 4% o353 dola &3t &4 ¢
o4l MEP" 7} Bry el =<3A AddEe dEkd
MEPBron+ 1-WMSel A 9] -1ogCBrs” < Fig.2 ¢ LSVe 2ALAHE
FE  AXEElY . CBra(ag) /CMEP (ag)ell diste] YyelWllar o]:=
Fig.3(a)ell v AAFAHoE olojAlr}. o] HAJAHNA pBrs+
CBrz(aq) /CMEP:(aq)® kel & 5 Z4ad, o Fe3k A2
FHel Hg e ()= Edvke= Aol

A7) QBron+1-WMS oA 8] Bros+1 3 Brs o B3 AellA

BRBET Kea(n)< A@)AR = & 5 ot
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Bron+1 (org) 2zl %ol A(8)dlA A (9)& 5 + AUl

(CBTA (org) VBry(org) )(TL— v
_logC’Br3 (org) VBr (org) — —logk, () t1og T (9)
Ton+1\009 Ton+1\0Ig

yBrs (org), yBra(org), y¥Bron+i(org) = A4 Brs(org),
Bra(org), Bron+: (org) 2478 5% Alolth. y= Br 33 Fo3
T &5 A2 AT 5 vk v’ CBra(aq)/CQ7 (ag)ellAl
QBron+1 -WMSE H¥ &% A7t sttt & of 4(9)2 o3

) ) A<
ol ©dt & = 3

, (037‘2(0rg> )(7171)
108C0, (org) TT108H cqn) T 1Ogﬁ (10)
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Figure 3. MEPBro,+1-WMSolA A3 pBrs A J4
=, AA0)A G, e/ C ~1 otk admE  FAAHY

Bry,+(org)

buffer region 4% pBrs(org)? ztS MEPBraon+1 - WMSe|
A9 pKeq(n)ez 389 4 9lv}.

Fig.3 oA Ho|lx= AT} Zo|, CBryelaq)/CMEP*(aq)7} 0.5 ollA]

2 2 Z71sel Wl pBrs(org) & - 1.9994 -1.80% 243t
o} A pBrs 9] As  BEAAdl =2ds o

CBrao(aq)/CMEP" (aq)+ 3.5 olt}t. wetA CBra(aq) /CMEP' (aq)
7} B Z71gel ulgl pBrs (org)e thAl &ty 7 WA H3 Aol
2y W pBrs(org)e  -2.19 o]}, olu]l CBrs(aq)
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/CMEP"(aq)= 4.5 e°]tk. 2 Fol pBrs(org)+ CBra(aq)
/CMEP*(aq)=7 7'A Z4a3HsS #23st9ct. pBrs(org)e Ao
CBrz(aq)/CMEP" (aq)e] 7 ol42 E7bs3ttt, MEPBray+1 ol <H|
Gl A At =57 wiiEeloh. Ag@ 7 WA Yol A9
pBrsy olARE], MEPBron+1-WMS o4 Brs ¢ Br: ¢ pKeq(2)%
pKeq(3)& 27 -1.99 ¢ -2.24 2 FHH}

Table 1. Z47] ot & %ol Q*E 7173 QBran+1-WMSlA Y Keq(n)

K o) Q" in QBra-WMS

in QBry,.;-WMS MEP* MEM* EPy* EMI* ETMA*
K o) 97.05 53.44 98.15 142.94 146.89
K o) 175.39 97.05 186.04 210.62 182.73
K gy 128.12 237.04 310.65
K eos) 319.52

Table. 1el4 2 QBron+1-WMS 9 Keq(n)s & 5 it}
Keq(n) (n=2, 3) pBrs(org) AAFAoZHE AAGL Fof, H
FollAe  Brs, Brs, Brs¢ Z fractional diagram<
MEPBron+1-WMS  ollA A=A, v5  A(11,12)0] wke}
fractional diagram ©ll4 CBra(org)9 3= 8%},
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fBT3(0rq):]‘/(1+2a) (11)
’ n=2
F 1, (org) :a/(1+7§ma) (n>2, integer) (12)
n=2

a= CBra(org)(n-1)/K'eq(n) ©l3x, m<S MEPBra,+1 ~-WMSellA]
9] Zg|lHZEulol=2] Xolt}, MEPBron+1-WMS o412 CBro(org)
) A sEE CBrz(aq)/CMEP " (aq) =7 2 )=
MEPBron+1-WMS o4 #7435 LSVs oAl 14MEZ F45 9o
(Table.2), ol MEPBron+1-WMS & &3 Heof 7b4 =& n|&olr},
A(2)AE & 4 S%el, Brs(org)ellAl @lizldl Bra(org)el %2
Br(org)el A3 2o & & deom, wepa 2 (5)dlA 4 = utet
7 o] CBrz(org) =CBr (org)olt}. (A (5)ell A
DBr (org)=1.08*10"° cm?s™ o™ Br % n.=2)
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Table 2. Q*7} T2 442 QBran+1-WMSoA A3} o]H 9] QBron+1-WMSlA 713+
¥< CBrz(aq)/CQ*< 7H4 LSVE o] &34 3 CBr-

CBrZ(GQ)/CQ +(aq) Ls.ox (MA) g (org) (M)

Cor (@@)/C, 4 (@)= 291 14

Cor,(@D/C, \ + @D = 494 24

CBrZ(aq)/CEPy+(aq)= 7.0 15.5 74

Cpp,(@@)/C_ 4 (aq) = 1.0 2.98 14

Csz(aQ)/CETMA"“(aQ): 6.0 8.66 42

g9l Table 2014 QBraa:1-WMSeld — z:Alsk oA
CBra2(aq)/CQ"(aq)el Azl QTell wet vis &A% 5 glo
ol M lss.ox(1A), Br(org)® 5 w3k Aolds & + 3
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2.

current (uA)

QBran+1 ¢ Linear Sweep Voltammogram

1 ) MEPBran+1

0.5M 34 &M 0.1M MEPBr, Z 2=k & Hx Bro
A 7Vsto] wrE MEPBraon+1-WMS ¢ LSVs. OCP & 0.9V & A
o] A3 &9 AL E /1A FE steady state current & E

o] £t}

Cnrz(aq)/cl\mp'*(aq)
) 1.0 4.0
—2.0——5.0
—3.0——6.0
_20 <}
40 -
_60 o
0.0 ' 0.5 ' 1.0 1.5

E (V Vs. Ag QRE)

Figure 2. &8 CBra(aq)/CMEP*(aq)< 7}7 0.5M 34 £8Ho 7 A=

MEPBrs,+1-WMSs¥9 Linear Sweep Voltammograms(LSVs).
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2 ) MEMBran+1

MEPBron+13 #4438 LSVsE 7FA¥, MEPBr Rt} &2 4

S AT Qo] Fe A Eel HERAEL A

20+ sz(aq)/c_\]}jm"(aq)
1.0 6.0
2.0 7.0
3.0 8.0
04
—_ 4.0 9.0
i —5.0
=
2 20+
o
-
&
-40 4

0.0 0.5 1.0 1.5
E (V Vs. Ag QRE)

Figure 4. <8 CBry(aq)/CMEM™(aq)< 7} 0.5M 34 LRz z=3l
MEMBrs,+1-WMSs®] Linear Sweep Voltammograms(LSVs).

_15_



3 ) EMIBI‘zn+1

EPyBr 7 §A4% 2% 71 w4 34 =t 332l

LSV o2 & 4 )%, CBry/CEMIT=11 7HA & Br, & H7hsl

T 2A3h QojupA ghi=tt,

CBrz(aq)/Cmuf(aq)
1.0
—_3.0
—5.0
—7.0
—9.0
—11.0

[
S
1

-60

current (uA)

-90 4

0.5 0.0 0.5 1.0 1.5
E (V Vs. Ag QRE)

Figure 5. 98] CBrz(aq)/CEMI*(aq)& 7}4 0.5M & F8Aoz A=z
EMIBraon+1-WMSs®] Linear Sweep Voltammograms(LSVs).
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4

current (uA)

) ETMAB ITon+1

ETMABron+1 = MEPBr, MEMBr A3 H3s= g 33+=
obd o7 A& HAlol®, MEPBron.: ¥ $A LSVs 2 2ol
Zub. 22tk MEPBrons, ol Bl8] 22 @k Sgolate o 2
A7} A,

Cgrz(aq)‘lccr_\]_f(aq)
1.0
— 2.0
_3.0
— .0
— 5.0
—6.0

=20 1

&
=
1

0.0 ' 0.5 ' 1.0 ' 1.5
E (V Vs. Ag QRE)

Figure 6. 93 CBris(aq)/CETMA*(aq)g 714 0.5M 34 F8&Po 2 A=y

ETMABron+1-WMSs® Linear Sweep Voltammograms(LSVs).
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5 ) EPYBI'2n+1

A FAS e HA Efolnl, B ATA WY 2

717 A3 5 A gkkrl. CBro/CEPy =17 ol&ellA % A3}
7F A ek, 2 ol FEAAE Fud Bro(1)Q Hitel 9

g RS ol w2 AdE Y ol AWkA Fet

304 CBrz(aq)/CEpy*(aq)

5 b
=] = =]
1 1 1

current (uA)

&
S
L

1.0—11.0
— 3.0 =—13.0
e 5. () —15.0
—T.0—17.0

—0.0

Figure 7.

0.0 0.5 1.0 1.5
E (V Vs. Ag QRE)

oJ# CBri(aq)/CEPy*(aq)& 73 0.5M 4 F8Hoz A=t
EPyBron+1-WMSs® Linear Sweep Voltammograms(LSVs).
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3 . QBran+19 titration curve B Fractional
Diagram
WekE 32 (EPyBr, EMIBr), ¥ W% x2](MEMBr), A% ¢

Z71(ETMABr)¢F 22 Q9 723 549 €L WHiEs E3”
A #H 1A °E QBrs = A#®gcr. o] QBrs & FHHE
QBraon+1-WMS ¢ pBrs(org) AAIA o]¢t A= {Bron+ %=
g TFig.8 (a)-(H7HA  delge. $2l=  MEMBroa+: 9
EMIBron+1 E5FolA CBra(org)7t S71sell wiel Brg 7} EAgtd)
= Ag &ded 1, MEPBron+1, ETMABron+1 EFolABron+1 Z ol
2 Br7 2 #elE g},
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) MEPBraon+1
MEPBron+1-WMS®] CBra(org)7t 5718l whgl, fBrs (org)

+ SAHeE &t (Brre w4304 dAdY, aElx

—
V]
—

(org)

pBrs

fBrs (org)e} fBr7 (org)7F <F 0.57} =& wl¢] CBra(org)=13Mo]
t}.
Zu|EAE MEPBron+1-WMS 9 fBrs (org)7} =5 CBrs(org)

dqellA 0.1% HA &= A& HolTrh

(b) 1.0]
0.8,
0.6/
0.4,
0.2]

0.0
2 4 6 0 2 4 6 8 10 12 14
CBrz (aq)/Cpep+(aq) CBrz(org)(M)

Figure 8. (a) MEPBrg,1-WMSHlA 24 H pBrg 3 F4
(b) Brs AAZTAoZHE AAAEH MEPBraog+1-WMSeA 9

MEPBran+19 fractional diagram
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2 ) MEMBI‘zn+1

MEPBran. 9t 7Hg §48 F2& 743 ot o 4L o

Q)

I Y9+ MEMBropi1S MEPBroy: 9 Hl3lel ¥ %L buffer
regions AU ¢ =& A9 Brog+ & A M =&

A2l Bro ¢k Brs 9] Hl&o] 1:1°] == AR CBra(org)e <k

5M

ol

(c) -1.6

(org)

pBrsy

Figure 8.

2 4 3 8
Csrz (aq)/Cpem+(aq)

(d) 1.0
0.8
0.6
0.4
0.2

S

0.0

0 4 8 12 16 20 24

CBrz (org) (M )

(c) MEMBraon+1-WMSolA #AH pBrs A4 F4

(d) Brg AR JAoZHE Al4E EMBron+1-WMSellA €]
MEMBran+18 fractional diagram
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3 ) EPyBron+1

Fig. 8(e) 9+ 8(NollAl EPyBron+19 ZA-$olA, B el &
< Aoz Addl G2 QBron+1-WMSoA v Z7} v]asto]
fBron+1 7F 238 FActa ofAZG. adel: &3t
EPyBron+1-WMS2] Broni1 £ QBron+1-WMS ¢} 22 31§43 &
A& HojFrl, A, Briy £ EPyBron«1-WMSell &t $-2
A9 QBron+1-WMSelA 7h4 =2 Bron+1 oItk 4, Bron+:1
EPyBron+1-WMSE #Az% o] EPyBrg dfsle A4 F8
oAl Bro(Del 17 3= A71e wi7bA] nAlst =2 ghkgket. ek
Bro(D& Z olgldt =7stellA, Brii” Eut =2 AFE 7MAE
gl HENES PAHA Fgdrt. 238 Bro(DE o H3a %

gle]l  EPyBron+1-WMSell  &sli=lolon], o] Fig.119]
Raman A7l &3l 5= At

rr

g
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pBr; (org)

............................

1 pK(;q(ﬁ-)

2 4 6 8 10 12 14 16 0 15 30 45 60 75
CBrz (aq)/cEpy"' (aq) CBTz(OTQ) (M)
Figure 8. (e) EPyBran+1-WMSolA ZAH pBrs A4 F4
(f) Brs A T4 28e A4E EPyBron+1-WMSelA €]

EPyBraon+19 fractional diagram
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4 ) EMIBran+1
EMIBron+1 - MEMBron+1 9/]— ]:]].j_:—“é“_]_— 73 '6“)% 7]—2]11] 7],7( ,15%

o A%e] Eel HENEL Broold b 22 Ao ngsE

o] MEMBron+1 REvb =2 #dES & F vk ol& 53
EMIBro ¢l MEMBry Xt} =glA d4€<

w3k EMIT & MEM' ol vlzl] v|54 Extelm o @ B39
Bro(DE &3lAA =2lAl 2Ast7b AP=ct. EMIBron+1 ©
CBrs(aq)/CEMI*(aq)=13 4 ]l 2As}7} =},

(8) (h) 1.0/
~~ 0.8
S
5 « 06
g 0.44
2 0.21
0.0
2 4 6 8 10 0 2 4 6 8 10 12 14
Csr,(aq)/Cgpi+(aq) Chry(org)(M)

Figure 8. (g) EMIBraos+1-WMSelA £33 pBrs” 33 F4
(h) Brs” ARFA o258 A4 EMIBran+1-WMSAA ]

EMIBran+198 fractional diagram
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5 ) ETMABran+1

—
S—
0

pBr3 (org)

A€d T2 ETMABrons1 < £ 7oA Ay ZA F
b4 wlSAelw whEA A3ty R¥E k. ETMABrs- ¢
ETMABr7; 9] ul&e] 1:1¢] & A2 CBralorg) =14M o™,
ol MEPBran+1 o ZA#9} vl szsi}

(j) 1.0

0.8
0.6
—

0.4

0.21

0.0
1 2 3 4 5 6 0 S 10 15 20 25 30 35 40
CBrz (QQ)/CETMA+ (aq) CBrz(org}(M)

Figure 8. (i) ETMABr2,+1-WMSel4A &3 " pBry A JF4
(j) Brs 3AFAoZHE] AR ETMABrog+1-WMSell 4] €]
ETMABr2,+18 fractional diagram
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fleol EAZAIAE 7Hs3 poly bromides (Bron+1)%ollAl A&l
%2 Brs ¥ Brop+i ol QBr Al&HA HEFE = 7 £2 n ol

Jes ver i), 3 7 poly bromidest H7FE Bro 9 9199
5

oA Mad oz A,

{ 5 [j >
N"Br N Br IN/B'

3 4
Max. n of Bry,,,” in QBr,,,;-WMS

N

Figure 9. Q+9 &5l W& Broy+1” & #Hdl n3k
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v. 4 ¢

1. QBran+1-WMS9 A4

T3 QBron+1-WMSE  o]&3le] 3%HSF Al="l 3o cyclic
voltammetric titratione Asdct. A&3t 771 JdBAL719
429l IVIUM compacstat (IVIUM technologies, Netherlands)
& A&k, 2 A5 (Working Electrode, WE)2 2+ Pt Ultra
Micro Electrode(radius =bum), FA 7+ AF(Quasi
Reference Electrode, QRE)Z& Ag wire, 4t Z3(Counter
Electrode, CE)Z+% Pt wire7} A8 =git}.

AREA QD 3 S AdeA AL A5 vhE2A Ag wireE QREE
Adstd e, ol Yt er AEEE Ag/AgCl REE ol&3iA =

]

Aol #el g Fhekel QBron,-WMSel F95% S-S 223kl

_28_



_29_



Reference

. H. Haller and S. Riedel, Z. Anorg. Allg. Chem., 2014,
640, 1281 -1291.

. M. Wolff, J. Meyer and C. Feldmann, Angew. Chem.,
Int. Ed., 2011, 50, 4970 -4973.

. M. Wolff, A. Okrut and C. Feldmann, /norg. Chem.,
2011, 50, 11683-11694.

. D. Hausmann and C. Feldmann, /norg. Chem., 2016,
55, 6141 -6147.

. H. Haller, M. Ellwanger, A. Higelin and S. Riedel,
Angew. Chem., Int. Ed., 2011, 50, 11528 -11532.

. H. Haller, M. Ellwanger, A. Higelin and S. Riedel, Z.
Anorg. Allg. Chem., 2012, 638, 553 - 558.

. H. Haller, M. Hog, F. Scholz, H. Scherer, I. Krossing
and S. Riedel, Z. Natur. B. Chem.Sci., 2013, 68, 1103.

. P. Metrangolo and G. Resnati, Halogen bonding:
fundamentals and applications, Springers, 2008.

. G. L. Soloveichik, Chem. Rev., 2015, 115, 11533 -
11558.

_30_



10

11.

12.

13.

14.

15.

16.

17.

18.

Z. Yang, J. Zhang, M. C. W. Kintner-Meyer, X. Lu, D.
Choi, J. P. Lemmon and J. Liu, Chem. Rev., 2011,
111, 3577 -3613.

O. Bagheri, H. Dehghani and M. Afrooz, RSC Adv.,
2015, 5, 86191 - 86198.

Z.-S. Wang, K. Sayama and H. Sugihara, J. Phys.
Chem. B, 2005, 109, 22449 - 22455.

M.-F. Ruasse, G. Lo Moro, B. Galland, R. Bianchini,
C. Chiappe and G. Bellucci, J. Am. Chem. Soc., 1997,
119, 12492 -12502.

G. Bellucci, R. Bianchini, C. Chiappe and R.
Ambrosetti, J. Am. Chem. Soc., 1989, 111, 199 -202.
D. Sung, N. Park, W. Park and S. Hong, Appl. Phys.
Lett., 2007, 90, 093502.

L. Bingbing, C. Qiliang, Y. Miao, Z. Guangtian, C.
Jan, W. Thomas and S. Bertil, J. Phys.: Condens.
Matter, 2002, 14, 11255.

P. H. Svensson and L. Kloo, Chem. Rev., 2003, 1035,
1649 - 1684.

P. Deplano, J. R. Ferraro, M. L. Mercuri and E. F.
Trogu, Coord. Chem. Rev., 1999, 188, 71 - 95.

_3']_



19

20.

21.

22.

23.

24.

25.

26.

27.

28

M. Mastragostino and S. Valcher, Electrochim. Acta,
1983, 28, 501 - 505.

D. J. Eustace, J. Electrochem. Soc., 1980, 127, 528 -
532.

W. Kautek, A. Conradi, M. Sahre, C. Fabjan, J.
Drobits, G. Bauer and P. Schuster, J. FElectrochem.
Soc., 1999, 146, 3211 - 3216.

W. Kautek, A. Conradi, C. Fabjan and G. Bauer,
FElectrochim. Acta, 2001, 47, 815 - 823.

S. Park, H. Kim, J. Chae and J. Chang, J. Phys.
Chem. C, 2016, 120, 3922 - 3928.

S. Park, S. Shin, D. Jung, J. Chae and J. Chang, J.
FElectroanal. Chem., 2017, 797, 97 - 106.

S. Shin, D. Jung, J. Chae and J. Chang, J.
Electroanal. Chem., 2017, 802, 123 -130.

J. Hwang and J. Chang, J. Electrochem. Soc., 2018,
165, H407 - H416.

M. E. Easton, A. J. Ward, B. Chan, L. Radom, A. F.
Masters and T. Maschmeyer, Phys. Chem. Chem.
Phys., 2016, 18, 7251 - 7260.

M. E. Easton, A. J. Ward, T. Hudson, P. Turner, A. F.

_32_



29.

30.

31.

32.

33.

34.

35.

36

Masters and T. Maschmeyer, Chem. Eur. J., 2015,
21, 2961 - 2965.

X. Chen, M. A. Rickard, J. W. Hull, C. Zheng, A.
Leugers and P. Simoncic, /norg. Chem., 2010, 49,
8684 - 8689.

W. K. Behl, J. Electrochem. Soc., 1989, 136, 2305 -
2310.

J. Chang and A. J. Bard, J. Am. Chem. Soc., 2014,
136, 311 - 320.

G. D. Allen, M. C. Buzzeo, C. Villagran, C. Hardacre
and R. G. Compton, J. FElectroanal. Chem., 2005,
575, 311 - 320.

T. Iwasita and M. C. Giordano, FElectrochim. Acta,
1969, 74, 1045 -1059.

B. Cordero, V. Gomez, A. E. Platero-Prats, M. Reves,
J. Echeverria, E. Cremades, F. Barragan and S.
Alvarez, Dalton Trans., 2008, 2832-2838, DOI:
10.1039/B801115J.

C. Chiappe, C. S. Pomelli and S. Rajamani, J. Phys.
Chem. B, 2011, 115, 9653-9661.

B. Tong, Q.-S. Liu, Z.-C. Tan and U. Welz-Biermann,

_33_



37.

38.

39.

J. Phys. Chem. A, 2010, /14, 3782-3787.

Y. Men, X. Du, J. Shen, L. Wang and Z. Liu,
Carbohydr. Polym., 2015, 121, 348-354.

Z. Q. Zheng, J. Wang, T. H. Wu and X. P. Zhou,
Advanced Synthesis & Catalysis, 2007, 349,
1095-1101.

Arked. (2017). "Zn-Br Redox Flow Batteryel o]&x+ %+
Al gl Aol 3t AT, AT =E, AAAARNG L, AE,

ok

_34_



Abstract

Probing the main polybromides species of
Quaternary Ammonium Polybromides

by voltammetric tribromide titration.

Hyeon Jeong Kim
Department of Chemistry
Graduate School of

Sungshin University

Polybromide(Bran+17) is an important study of both basic
and applied science. It is often found in scientific and
engineering studies, for example Redox Flow
Battery(RFBs). Zn-Br Redox Flow Battery(Zn-Br RFBs) are

relatively well-known RFBs. The electrodeposition
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/dissolution of Zn®*"/Zn on the anode, the oxidation
/reduction reaction of Br/Br: on the cathode occur
during the charge and discharge processes. At this time,
the electrochemically produced Brys in charging process
may cross over the separation membrane of the battery,
which may cause a self-discharge reaction. QBr is added
to the electrolyte solution as an isolator of Bry to prevent
cross over reaction. Bra, Electrochemically generated in
solution, is combined with QBr to produce polybromide in
sequence(QBr+ Bry—>QBr; + Bry—>QBr; " QBry, .1 ).

In this study, electrochemical titration wusing
tribromide(Brs) was performed for the analysis of
QBr2n+1-WMS. The analysis was carried out according to
the ratio of CBri(aq)/CQ*(aq). It was confirmed that
polybromide having a high degree of QBrs, QBrs, QBr;
or the like was produced depending on the type of
QBrs. Based on this, pK'eqm) was calculated and it was
confirmed that the maximum n value of Bra,+1 differs

depending on the type of QF. Broy,+1-WMS in
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QBron+1-WMS is known through titration wusing Brs,
which is expected to greatly contribute to the study of

polybromide in the future.
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Appendix

1. QBran+19 &4
QBron+ 1 3EATAY Hrkdol
Aeke.

QBron+1 & 3Ho2 0.1M QBr& ¥ 0.5M 3
Zt7] o2 AAGE 9 Brog F7HEoE4 vkt

o] uj] QBr= N-Methyl-N-ethyl pyrroldinium
bromide(MEPBr)??, N-Methyl-N-ethyl-morpholinium
bromide(MEMBr)*, 1-Ethylpyridinium bromide (EPyBr)®°,
1-Ethyl-3-methylimidazolium bromide bromide (EMIBr)?,

gt
oX,

S §715erA T AN AFs

f

2

g ool

Ethyltrimethyl ammonium bromide (ETMABr)?® o|t},
QBr(2 mmol)e 0.5M A& 20mLel ZH7+e] gaEd 2 i
Brog H71gteh. £35S A2dlA] of= o7 slell 20417F aREE

6‘]_0:] QBr2n+1_WMS/g'5L]' —’-F—g—oll'] /g-% _E_‘:v/] 3]_]1,]1__]

i
M
o
e
o>
Mo
A
il
of
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Fi -
igure 11. (a) 0.5M 34 =& 90 QBr< tlslxz NA| Br. & Hs13
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Figure 11. (b) E&E<& 20A1E < ot =2 7] stoll A zub3t
1gur . -
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Figure 11. (c) 24 ¥ F M9 Feoz2 Zad: 89 S($HF 7715 (oFH)
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Figure 11. (d) 94&8Z #7]
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Figure 11. (e) Eppendorf tubed §71&5& B2},
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2 . QBran+19 Raman Spectrum

¥ Raman Spectrum< F&ATFA Aride]l FAsid o,
I delHE #&8§ 9 ZFelste] Hgskvh.

Z} Spectrum < EF dlo|E{3} 3}l normalize ¥ |z o],
¢k 170cm™¢F 250~270cm™lA = peak7t ¥HAe| =}
CBro(aq)/CQ*(aq) ¢ Hl&o] Fobds5 170cm™ 9 peaks A
A Z&sy 250cm” o] ¢ peak® raman shift 7} Yojyte},
200cm” o4 peak7} BAEY, ole WHAA ¢ shift & A7}t

d Braol 571 Fobdel wel A= Zes Bl
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1 ) MEPBran+1
MEPBron+12 170cm™ HZollA A WA peake] A 7+
CBre(aq)/CMEP(aq) vl&o| ZolAF+E peak? =77} #olA

™, o]Z& MEPBr; 9] vl&o] Z&ds AR HoE

Lo
=
i

Carz(aq)lcm:p*(aq)

5 0.5—4.0
i |—10—45
z —15—50
£ |—20—55
2

Bz 15—
T | 3.0—65
= |—35

]

£

B

=}

=

=
=
1

100 ' 200 | 300
raman shift(cm )

Figure 12. o& CBra(aq)/CMEP*(aq)& 712 0.5M 3A FE8NAoz A=zt
MEPBro,+1-WMSs2 Raman Spectrum(RSs)
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2 ) MEMBI‘zn+1
MEPBron+18F 22 A¥goZ CBro(aq)/CMEM (aq) HIE9]

AAGE MEMBrs~ peak7} #olAw| = u]go] FA3S HolF

t}.

1'0- CBrz(aq)/C_\[EM"‘(ﬂq)
-~ 1.0 5.5
=
3 —1.5—6.0
2 —20 6.5
'E —25— 170
3 ——30—175
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Figure 13. od&] CBriy(aq)/CMEM*(aq)< 7}% 0.5M 34 8oz Az
MEMBran+1-WMSs® Raman Spectrum(RSs)
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3 ) EMIBr2n+1

EMIBron+1 B3 170cm oA peake] A 7H4%S =

=8

1.0

CBrz(a q)/Cmu*‘(aq)
0.5 4.5
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1.0 5.0 9.0

15 55 9.5
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Figure 14.

200 i
raman shift (cm 1)

]2 CBrz(aq)/CEMI*(aq)$ 7}4 0.5M &
EMIBron+1-WMSs9 Raman Spectrum(RSs)
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4 ) ETMABran+1

A&Ed F2Z9 ETMABron+ 1< 8 QBrsol Hl3l] 260cm™ ¥
=9 peak o] ®o| shift A ¢erl. o] ETMA" ¢ Br, 79
interaction o] th2 QBrsoll vl3l] H2 Z-& Vehdc).
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—]
1

Csrz(aq)/cr:nm*(aq)
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& |—15—45
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Figure 15. 998 CBr2(aq)/CETMA(aq)< 712 0.5M 34 LA 2 =3
ETMABron,+1-WMSs€ Raman Spectrum(RSs)
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5 ) EPYBI'2n+1

CBra(aq)/CEPy " (aq) 7F 13¢] =W BroolAd e
300cm- ¢ I=7p @t 2#Ede] yehta, CBre(aq)
/CEPy " (aq)7} ARel wet Z=7F F713kek. o= Bro7h &35
3 EPyBron+1-WMSell 22 FEAstw EPy ¢k s} glo]
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e
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Figure 16. o9& CBras(aq)/CEPy*(aq)< 7} 0.5M A FLAoz AR
EPyBron+1-WMSs?2 Raman Spectrum(RSs)
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