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ABSTRACT

In this paper we described the preparation of some I-n-alkyl-3-methylimidazolium
tetrafluoroborates ([C,mim|BF, with C, is ethyl, n-butyl, n-hexyl, n-octyl respectively) in Green
Chemistry conditions. All starting materials were used in stoichiometric quantities, the reactions
were activated by microwave or ultrasound in solventless media. Firstly, alkylimidazolium
bromides were prepared from the N-alkylation of N-methylimidazole with a n-alkyl bromide
corresponding. After that, tetrafluoroborate furnished a metathesis with bromide to give the final
products. Comparing with conventional heating, the obtained yield was higher and the reaction
time was shorter under microwave irradiation.

Keywords: [-n-alkyl-3-methylimidazolium tetrafluoroborate,
bromide, microwave, ultrasound, Green Chemistry.

1-n-alkyl-3-methylimidazolium

I - GIOI THIEU

Chat 16ng ion, v6i nhitng tinh chat 1y tudng
cta nd, trong nhitng nam gan day, da dugc
nghién cdu tng dung trong rat nhiéu linh vuc
ctia héa hoc (méi truong phan ung, dung moi ly
trich, xic tac). Chat 16ng ion dugec xem nhu mot
moi truong phan tng ddy hda hen vi: hoa tan
chon loc, tiét kiém hda chat, hiéu suat phan tng
cao, co lap san phdm dé dang, san pham sach,
han ch€ chit thai vao moi truong. Cac nha héa
hoc du dodn rang trong tuong lai chat 16ng ion
s€ la th€ hé moi truong phan tng mdi thay thé
cho thé€ hé dung moi hitu co dé bay hoi truyén
thong [1 - 3].

Vé co cdu, chit 1ong ion dugec chia ra lam
nhiéu nhém ma sy phan loai thudng dua trén
phan cation hitu co nhu: imidazolium [4],
piridinium [51, pirazolium, tiazolium,
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pirilidinium. Trong d6 nhém chat 16ng ion 1-
alkil-3-metilimidazolium la thong dung nhat.
Trong nhém chat 16ng ion nay thi phan anion la
bromur va tetrafluoroborat 1a nhitng hgp chat cé
rdt nhiéu tng dung quan trong [6, 7].

Dén nay, da c6 nhiéu phuong phép diéu ché
hai loai chat 16ng ion nay duoc nghién ctiu. Hau
hét cdc phuong phdp nay déu phic tap doi hoi
nhiéu di€u kién phan tng va doi khi chua dap
ting dugc nhitng diéu kién vé Héa hoc Xanh [8 -
10].

Bai bdo nay giéi thiéu mdt phuong phap
diéu ch€ mot s6 chat 1ong ion thudng ding, mot
cach rat kinh t€, & mic do phong thi nghiém,
nhanh chéng, tinh khiét va ¢6 hiéu suat cao phu
hop v6i cac tiéu chi cia Héa hoc Xanh [11]. Hai
nhém chat long ion bromur va tetrafluoroborat
1-alkil-3-metilimidazolium, ([C;mim]Br va
[C,mim]BF,), véi cdc nhém thé alkil day thang



s6 chan carbon, C,, 1an luot 13 etil, n-butil, n-
hexil va n-octil da duoc diéu ché.

Nhom chit long ion bromur 1-alkil-3-
metilimidazolium duoc diéu ché trudc va dugc
xem nhu chat nén dé diéu ché tetrafluoroborat
1-alkil-3-metilimidazolium [12].

I - PIEU KIEN THUC NGHIEM

1. Hoa chat

N-Metilimidazol, NaBF, cta Aldrich;
bromoetan, bromohexan, bromooctan ctua Fluka;
bromobutan ctia Merck. Tat ca déu dugc dung
truc ti€p khong tinh ché€. Cic dung moi, chat
lam khan do Trung Quéc san xuat.

2. Thiét bi

Phan tng dudi su chi€u xa vi séng [13] va
siéu am [14] 1an luot dugc thuc hién trong 10 vi
song gia dung Sharp R-218D, 2450 MHz va
trong bon siéu am Power Sonic 405.

Co cdu cua cdc san phdm duoc xdc dinh
bang phé IR (Vector 22) va phé 'H, "C NMR
(Bruker 500 MHz).

Chi s6 vat ly ctia céc chat 16ng ion san phdm
dugc xac dinh trén khic xa k€ WAY-S, nhét k€
Brookfield DV-IIL.

Ham lugng Na* dugc xac dinh theo AOAC

2002 (958.01) va Br theo APHA 4500 - CI' D
trong mau trudc va sau khi tinh ché.

3. Thue hanh téng quat
a) Diéu ché [C,mim]Br

- Phuong phdp vi séng: Can 10 mmol N-
metilimidazol va 10 mmol bromur alkil tuong
ung vao mot ong nghiém. Dat vao 10 vi song tai
“hot spot” da chon trudc. Chi€u xa vi séng véi
cong suit 80 W trong nhiing khoang thoi gian
nhat dinh. Nhiét do phan ting dugc do ngay khi
su chi€u xa vira chdm dut.

- Phuong phdp siéu am: Khoi lugng cac tic
chét ciing dugc st dung nhu trén. Dat hoén hop

R—B
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phan tng vao bon siéu am ding theo qui dinh
trong nhitng khoang thoi gian nhat dinh.

- Phuong phdp khudy tir: V& khoi lugng
cling tuong tu nhu trén, nhung bay gio hon hop
phan tng dugc dat trén mot may dun khudy tir
(500 vong/phit) diéu chinh va c¢d dinh dugc
nhiét do, qua mot bé dau silicon, dun & nhiing
nhiét do nhat dinh da chon.

Sau phéan tng, rita hdn hgp san pham bang
axetat etil cho dén khi trung tinh. Thu héi dung
moi, can va xdc dinh hiéu suat. Ghi phé IR va
NMR dé xac dinh co cau.

b) Piéu ché' [C,mim]BF,

St dung 10 mmol [C;mim]Br va 10 mmol
NaBF, trong 10 mL axeton. Vi c6 su hién dién
ctia axeton nén phan tng chi thuc hién dudi su
chiéu xa siéu am va khudy tir & nhiét d6 phong
dé so sanh.

Hoén hop san phdm duoc loc. Co quay thu
hoi axeton. Hoa tan lai trong CH,Cl,. Tinh ché.
Thu héi CH,Cl,. Can, tinh hiéu suat va ghi phd.

11 - KET QUA VA BAN LUAN

Tetrafluoroborat 1-alkil-3-metilimidazolium
dugc diéu ché€ qua hai giai doan, tat ca cac phan
ing déu thuc hién trong diéu kién ti lugng mol.
1. Giai doan 1

Diéu ché bromur 1-alkil-3-metilimidazolium
thong qua phan ung N-alkil héa N-
metilimidazolium 1 v6i cdc bromur alkil tuong
ung: etil 2, n-butil 3, n-hexil 4, n-octil S.

Phan tng dugc kich hoat bang vi song va siéu
am c6 so sanh véi phuong phdp kich hoat co
dién 12 dun khudy tir va khudy tir & nhiét do
phong. San phidm thu dugc lan luot 1a cédc
bromur: 1-etil-3-metilimidazolium 6, 1-n-butil-
3-metilimidazolium 7, 1-n-hexil-3-
metilimidazolium 8. 1-n-octil-3-
metilimidazolium 9.
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Bdng 1: Hiéu suat t6i wu cua [C,mim]Br theo bén phuong phép kich hoat

Phuong phap | Nhiétdo | Thoi gian : : Higu S“g“’ % 5
Vi soung 60 giay | 86,49 | 97,61 89,63 83,65
Pun khudy tr 60 gidy | 79,61 | 82,58 | 78,16 71,48
Sieu am ndp 4 giv 98,45 | 9638 | 90,75 | 77,85 (6 2id)
Khudy tr ndp 4 gio 8338 | 59,14 | 4990 | 46,29 (6 gid)

Cic két qua trén cho thidy hiéu suat phan
ung gilta metilimidazol va bromur alkil phu
thuoc vao do dai ciia nhom thé alkil. Day alkil
cang dai, hiéu suat phan ung cang thap trong
cung diéu kién phan tng (cong sudt 80 W, thoi
gian 60 giay).

Bromur etil ¢6 nhiét do soi tuong doi thip
(37 - 39°C), cho nén trong qua trinh chi€u xa vi
song, that thodt kha nhiéu do bay hoi. Két qua la
hiéu suét phan tng khong cao mic du da su
dung cong sudt thap nhat (80 W) va dung
phuong phép chi€u xa gian doan (tic 1a ci 30
giay thi dumg lai 10 giay, lac, r6i chi€u xa ti€p).

Cung diéu kién nhiét do va thoi gian phan
ung, hiéu sudt phan tng dudi su chiéu xa vi séng
cao hon phuong phap dun khudy tir vi vi song
kich hoat phan ting t6t hon dun néng c6 dién.

/ \  Br
Me/N@ N\R '

6,7,8,9 10

NaBF,

Su hodn vi ndy tao ra bon sin phdm
tetrafluoroborat 1an lugt nhu sau: 1-etil-3-
metilimidazolium 11,  1-n-butil-3-metilimi-
dazolium 12, 1-n-hexil-3-metilimidazolium 13,
1-n-octil-3-metilimidazolium 14.

Vi st dung dung moi axeton dé bay hoi
trong giai doan nay, nén khong chiéu xa vi séng
phan ting. Dau tién, khao sat hiéu sudt phan ting
diéu ché€ [C,mim]BF, theo thoi gian dudi su hd
tro cua siéu am. Sau dé dp thoi gian t6i uu 1a 2
gi0 qua phuong phap khudy tir nhiét do phong.
Két qua t6i uu thu duge ghi trong Do thi 1.

Bay gio phan tng chi 1a su hodn vi gitta hai
anion véi nhau, cho nén hgp chit nao cang hoa
tan tot trong axeton sé& ¢c6 do phan ting cang cao,
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So v6i chiéu xa vi séng thi chi€u xa siéu am
cho phan ung xay ra “ém diu” hon, dugc minh
ching 1a hiéu suat phan ung trong trudng hop
bromur etil tang 1én rit r6. Tuy nhién, phuong
phép siéu am c6 han ché 1a can nhiéu thoi gian
hon so v6i phuong phédp vi song.

Dua trén co ché, phan tng Sy* chiu anh
hudng hiéu tGng 1ap thé va hiéu tng dién ti. Do
do, day alkil cang dai phan ting xay ra cang kho
khan.

2. Giai doan 2

Cac tetrafluoroborat 1-n-alkil-3-
metilimidazolium dugc diéu ché thong qua su

hodn vi gilta anion bromur va anion
tetrafluoroborat do muoi tetrafluoroborat
natrium 10 cung cap.
/ \ BF4
—_ @ N * 4+ NaBr

Me— N N~R
11,12,13, 14

ma day alkil cang dai thi hgp chat tuong tGng
cang hoa tan tot trong axeton.

Phuong phdp siéu am cho hiéu suét cao hon
khudy tur. Siéu am kich hoat phan tng qua hién
tuong “vd bot”, cung cdp nang lugng rat 16n 1am
x40 tron tdc chat va chat nén t6t hon so véi
khudy tir thong thuong.

3. Xac dinh ham lugng Na* va Br

Qua két qua kiém tra lugng ion Na" va Br
trong mau [Cgmim]BF, sau khi tinh ché€ bang hai
phuong phap: phuong phap loc qua silica gel
(phuong phdp A) va phuong phdp ly trich bing
nudc lanh (phuong phap B), ching t6i nhan thay
tinh ché€ san phdm bang cach rira v6i nuéc dugc



lam lanh (phuong phdp B) cho san pham sach  hon [15].
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D6 thi 1: So sénh hiéu suit phan dng t6i uu gitta chi€u xa siéu am va khudy tir

Bdng 2: Két qua xac dinh ham luong Na* va Br

Ten chi tieu Két qua thit nghiém, %
Trudc khi tinh ché Phuong phdp A Phuong phép B
Ham lugng Na* 0,18 0,14 0,10
Ham lugng Br- 0,31 0,23 0,18

Nhu vay phuong phdp B c¢6 hiéu qua kinh t&
hon rat nhiéu so véi phuong phdp A; tuy nhién
phuong phdp B c¢6 han ch€ d6i véi nhitng chat
l6ong ion ¢6 day alkil & cation ngin, vi nhiing
chat 16ng ion nay s& tan mot phan trong nudc,
do d6 s&€ anh huéng dén hiéu suat.

4. Xac dinh co cau

Sau giai doan tinh ché, co cdu san phiam
dugc xdc dinh bing phé IR két hop véi pho
NMR ('H, "C).

a) Phé IR: Cac miii hap thu trong phé IR chi
daic  trung cho  phan  N-n-alkil-N-
metilimidazolium. Do d6, phé héng ngoai cla
[Cmim]Br va [Cmim]BF, tuong tu nhau.

Bdng 3: Mot s6 mili hip thu chinh trong pho héng ngoai clia [C,mim]Br

Do dai séng (cm™)

[Cmim]Br | [C;mim]Br [Csmim]Br [Csmim]Br
3149 3148 3147 -
3094 3089 3087 -

- 2962 2960 2972
- 2873 2860 2853
1569 1569 1568 1568
1463 1464 1464 1464
1169 1168 1167 1168
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Bdng 4: Mot s6 mii hap thu chinh trong phé hong ngoai ctia [C,mim]BF,

Do dai séng, cm’!

[C,mim]BF, [C,mim]BF, [Csmim]BF, [Csmim]BF,
3164 3162 3161 3161
3122 3121 3121 3121
2989 - - -

- 2965 2932 2928
- 2876 2865 2858
1573 1572 1572 1572
1462 1465 1464 1464
1171 1170 1170 1171
1060 1060 1060 1061

Céc két qua thu dugc déu phi hop v6i co cau san phdm can diéu ché va phi hgp véi s6 lieu
phé clia céc tac gia di trudc [16, 17].

b) Phé NMR
4 5
1 10 12 14
DA
H3C \g 7 9 11 13
6
H__ e
~X
Bdng 5: Do dich chuyén héa hoc cuia céc proton trong [C,mim]Br
'H NMR, § (ppm, 500 MHz)
[C,mim]Br [C,mim]Br [C¢mim]Br [Csmim]Br Loai H
9,46 8,93 10,29 10,27 (s), 1H, C)H
7,55 7,66 7,68 7,73 (s), 1H, C4H
7,52 7,60 7,52 7,55 (s), 1H, C(5)H
4,32-436 4,31-4,33 4,32-4,35 4,32-435 (1), 2H, N(1)-CH,
4,02 4,03 4,14 4,14 (s), 3H, N(3)-CH,
i 1.37-1.97 i i (m), 4H, N(1)-CH,(CH,),CH,
- ] BRI s | () 8H. N(1)-CH(CH,),CH,
i i ) e (m), 12H, N(1)-CH,(CH,)sCH;
1,57-1,60 0,97-1,00 0,86-0,88 0,85-0,88 (t), 3H, N(1)-(CH,) CH,

Nhin chung phé NMR 'H va "C cua

[C,mim]Br va [C,mim]BF, cho s6 lugng va vi tri
miii nhu nhau, diéu nay dé hiéu, vi ching c6
cung cation vd anh hudng cla anion trén pho
hau nhu khong ¢6 [15, 18, 19].

5. Chi so vat ly

Mot s6 chi s6 vat ly clia cdc san phdm
da duogc xac dinh [7, 16, 20].
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IV - KET LUAN

- Nhiing két qua nghién ctu trén cho thdy
viec diéu ché chat long ion bromur va
tetrafluoroborat 1-alkil-3-metilimidazolium
bing cdc phuong phap khiac nhau cé hiéu suat
khd cao. Mdi phuong phdp déu c6 uu diém va
han ché€ riéng.



Bdng 6: Do dich chuyén héa hoc clia céc proton trong [C,mim] BF,

'HNMR, & (ppm, 500 MHz)
[C,mim] BE, | [C,mim] BF, | [Comim] BE, | [Cymim] BE, Loai H
8,52 9,02 8,72 8,76 (s), 1H, C2)H
7,39 7,72 7,44 7,39 (s), 1H, C(4)H
7,33 7,65 7,42 7,32 (s), 1H, C(5)H
4,11-412 4,16-4,19 4,16-4,19 4,15-4,18 (t), 2H, N(1)-CH,
3,79 3,86 3,94 3,94 (s), 3H, N(3)-CH,
- 1,24-1.81 - - (m), 4H, N(1)-CH,(CH,),CH,
) - LRSS g | (M) 8H. N()-CHy(CH,),CH,
p i ) i (m), 12H, N(1)-CH,(CH,)sCH;
1,38 0,89-0,92 0,84-0,87 0,85-0,88 (t). 3H, N(1)-(CH,),CH,
Bdng 7: Do dich chuyén héa hoc clia céc loai cacbon trong [C,mim]Br
“C NMR, & (ppm, 125 MHz)
[C,mim]Br [C;mim]Br [C¢mim]Br [Cymim]Br Loai C
136,17 136,47 136,83 137,03 C(2)
123,73 124,20 123,97 124,00 C4)
122,23 122,96 122,40 122,30 C(5)
44,96 49,97 49,96 50,07 N(1)-CH,
36,57 36,69 36,69 36,73 N(3)-CH,
- 32,00 31,00 31,63 N(1)-CH,CH,
- 19.49 o2 gggg N(1)-CH,CH,CH,
- - ’ ’ N(l)'CHz(CHz)chz
] ] 22,29 2eor | N(D-CHy(CH,),CH,
_ _ _ 22’53 N(l)'CHz(CH2)4CH2
’ N(l)'CHz(CH2)5CH2
15,68 13,56 13,91 14,04
’ ’ i ’ N(1)-(CH,),CH,

Bdng 8: Do dich chuyén héa hoc clia céc loai carbon trong [C,mim]BF,

“C NMR, & (ppm, 125 MHz)

[C,mim] BF, [C,mim] BF, [Csmim] BF, [Csmim] BF, Loai C
135,74 136,01 136,06 136,14 CQ)
123,60 123,79 123,85 123,86 C4)
121,98 122,49 122,40 122,50 C(5)
44,84 49,60 49,97 50,04 N(1)-CH,
35,73 36,02 36,10 36,16 N(3)-CH,
- 31,84 31,00 31,68 N(1)-CH,CH,
- 19,24 29,96 30,5 N(l)-CHQCHZCHZ
) J o> ove | NO)-CH(CH,)CH,
] ’ 26.17 N(1)-CH,(CH,);CH,
_ _ _ 22’57 N(l)'CHZ(CH2)4CH2
’ N(1)-CH,(CH,);CH,
14,80 13,24 13,87 14,04
’ ’ ’ ’ N(1)-(CH,),CH;




Bdng 9: Chi s6 vat 1i cua [C;mim]Br va [C,mim]BF,

Chat 16ng ion Ty trong d, g/cm’ Chi s6 khiic xa np' Do nhét (33°C), cP
[emim]Br 1,2770 1,4880 (29,2°C) 62,4
[bmim|]Br 1,2550 1,5008 (29,0°C) 87,2
[hexmim]|Br 1,2192 1,5105 (29,6°C) 219,1
[ocmim|Br 1,1636 1,5261 (29,8°C) 316,0
[emim]BF, 1,2532 1,4110 (29,7°C) 11,8
[bmim|BF, 1,2060 1,4200 (29,1°C) 52,4
[hexmim]BF, 1,1435 1,4262 (29,4°C) 82,3
[ocmim]BF, 1,1082 1,4300 (29,6°C) 1044
Bdng 10: Do hoa tan clia cac san phadm [C,mim]Br
Dung moi [emim]Br [bmim]Br [hexmim]Br [ocmim]|Br
Axetat etil Khong tan Khong tan Khong tan Khong tan
Dietil ete Khong tan Khong tan Khong tan Khong tan
Ete dau Khong tan Khong tan Khong tan Khong tan
Toluen Khong tan Khong tan Khong tan Khong tan
Benzen Khong tan Khong tan Khong tan Khong tan
Diclorometan tan it tan it tan it tan it
Axeton tan it tan tan tan
Cloroform tan tan tan tan
Acetonitril tan tan tan tan
Metanol tan tan tan tan
Etanol tan tan tan tan
n-Butanol tan tan tan tan
Bdng 11: Do hoa tan clia cac san pham [C,mim]BF,

Dung moéi [emim]BF, [bmim]BFE, [hexmim]BF, [ocmim]BF,
Axetat etil Khong tan Khong tan Khong tan Khong tan
Dietil ete Khong tan Khong tan Khong tan Khong tan
Ete dau Khong tan Khong tan Khong tan Khong tan
Toluen Khong tan Khong tan Khong tan Khong tan
Benzen Khong tan Khong tan Khong tan Khong tan
Diclorometan tan it tan it tan it tan it
Axeton tan it tan tan tan
Cloroform tan tan tan tan
Axetonitril tan tan tan tan
Metanol tan tan tan tan
Etanol tan tan tan tan
n-Butanol tan tan tan tan
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- Phan tng gitta N-metilimidazolium va
bromur alkil 1a phan Gng cin cung cép nhiét,
xay ra tot trong di€u kién khong dung moi.
Phuong phdp vi séng cho hiéu suat khd cao
trong thoi gian vai phit. Do phan ting giam dan
theo chiéu dai cua day alkil.

- Su hodn vi hai anion dugc ti€n hanh trong
dung mo6i va can c6 su khudy tron. Phuong phap
sieu am cho hiéu suat phan Gng cao hon nhiéu
so v6i phuong phap khudy tir & nhiét do phong.
Do phan ing ting dan theo chiéu dai cua day
alkil.

- Khéo sat su di€éu ch€ mot s6 chat 16ng ion
bromur va tetrafluoroborat tao diéu kién nghién
ctu vé chat 16ng ion tot hon, da dién hon & Viét
Nam.
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