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Linh vwe ky thuat dwoe dé cap

Séng ché d& cap dén quy trinh hoa tan kim loai trong céc chét 16ng ion. Cu thé
hon sang ché dé cip dén quy trinh hoa tan kim loai trong cac chit long ion chta cac
anion perhalogenua. Quy trinh theo sang ché co thé dugc ap dung dé tach chiét kim
loai tor quing khodng san, dé khoi phuc lai c4c vat liéu bi nhiém kim loai nadng, doc
hodc phéng xa; va dé loai bo kim loai nang va doc ra khoi dong hydrocarbon. Séng ché

con dé cap dén cac hop chét méi chtra kim loai hoa tan trong cac dung dich ion.
Tinh trang k§ thuit ciia sang ché

Thuét ngit “chat 16ng ion” dugc sir dung trong ban md ta nay dé chi chat long cé
thé dugc tao ra bang cach ndu chay mudi, va khi d6 chét 16ng nay chi chtra ion. Chét
léng ion c6 thé dugc tao ra tir chat déng nhét chia mot loai cation va mot loai anion,
hodc c6 thé chira nhiéu hon mét loai cation va mot loai anion hodc ¢6 thé chia nhidu hon
mot loai cation va nhiéu hon mot loai anion. Do d6, chét 6ng ion cé thé chira nhiéu hon
mot loai cation va mot loai anion. Chét long ion con ¢co thé bao gém mot loai cation va
mdt hodc nhidu loai anion. Ngoai ra, chét 16ng ion con c6 thé bao gdm nhiéu hon mat
loai cation va nhiéu hon mdt loai anion.

Ny
«

Thuét ngit “chét 1éng ion” bao gdm céa cac hop chit ¢6 diém nong chay cao va
hop chét ¢6 diém nong chay thap, vi du, & nhiét do phong hoic thip hon. Do d6, nhiéu
chit 16ng ion c6 diém nong chay thip hon 200°C, cu thé 1a thép hon 100°C, xp xi nhiét
do phong (tir 15 dén 30°C), hodc tham chi 1a thap hon 0°C. Céc chit 16ng ion ¢6 diém
" n6ng chay thap hon 30°C dugc goi chung 14 “chat 1ong ion & nhiét do phong” va thuong
¢6 ngudn gde tir cac mudi hitu co ¢é chira cation di vong chira nito, ching han nhu cac
cation gbc imidazol va pyridipyridin. Trong cac chat 1ong ion & nhiét do phong, ciu tric
cla cation va anion ngén can viéc hinh thanh cdu tric tinh thé va do d6 mudi 1a chit long
& nhiét do phong.

Héu hét cac chét 16ng ion dugc biét dén rong rai la cac dung mdi do ching c6 céc

dic tinh bao gébm 4p suit hoi khong dang ké, én dinh trong nhiét do, kha nang chay
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thap va co thé tai st dung. Béi vi ¢o rat nhi€u sy két hop anion/cation, cho nén c6 thé
di€u chinh céc ddc tinh vat ly cta chat long ion (vi dy, diém nong chay, mat do, do
nhét va do tron 1an véi nude hodc dung maéi hitu co) dé phu hop véi cac yéu ciu cua

cac img dung cu thé.

Cong bd don qudc té s6 WO 98/06106 dé cap dén quy trinh hoa tan oxy hoa cta
cac nhién liéu hat nhan va nhién li¢u hat nhan-vat li€u phu trong cac chét long ion ¢o
ngudn gdc nitrat. Cac chét léng ion duge bdc 10 bao gdm anion nitrat, va tuy y céc
anion sulfat hoac tetrafloroborat, va axit Bronsted hodc Franklin (chéng han nhu axit
nitric, axit sulfuric, hodc cic cation nitroni) cin dé tang kha nang oxy héa cho dung

mo1. Tat ca céc chat long ion dugc bde 16 d€u hoa tan trong nudc.

Pitner, W. R. va cong su dd dé cap dén quy trinh tuong tw dé hoa tan urani oxit
(UO2) khéong hoa tan, trong d6 urani oxit bi oxy hoa thanh loai ion UO,2* ¢6 thé hoa
tan trong hdn hop axit nitric va chét 1ong ion chtra cdc anion nitrat (Mathematics,
Physics va Chemistry, 2003, 92, 209-226). Tuy nhién, su hoa tan céc kim loai phan tu
khong dugc dé cép.

Whitehead, J. A., va cong su da dé cap dén cach sur dung céc chét long ion chira
cac anion hydro sulfat, chira sit (III) sulfat nhu 1a chét oxy hoa va thioure nhu 13 chét
tao phtre, dung dich ngdm chiét dé tich chiét vang va bac ra khoi quéing khoang san
[Green Chem., 2004, 6, 313-315). Chét long ion duoc st dung la dung moi khong bay
hoi, khéng tron 1an trong nuée trong d6 cac thanh phin oxy hoa va tao phirc déu cé

mit nhu 14 chét phu gia.

Su hoa tan oxit kim loai trong cac dung moéi eutectic siu trén co s& cholin clorua
da dugc néu boi Abbot, A. P., va cong su. (J. Chem. Eng. Data, 2006, 51, 1280-1282;
va Inorg. Chem., 20035, 44, 6497-6499).

Billard, 1., va cOng sy dd dé cdp dén su hoa tan urani oxit va lantan oxit trong 1
-butyl-3-metylimidazol bistriflimit dwa vao viéc thém mudi nitrat vao lam chét oXy
hoa (Dalton Trans., 2007, 4214-4221 ), va Nockemann, P., va cong su da d& cap dén sy
hoa tan oxit kim loai trong chat 1ong ion betain bistriflimit khi ¢6 mat clia nuéc {J.

Phys. Chem. B, 2006, 1 10, 20978-20992).

-3-



20630

Ji, L. va cong su da dé cap dén phuong phap thu thily ngan nguyén t tir khi thai
khi dét than d4 bang cach oxy hoa thuy ngan bang thubc tim duoc hoa tan trong chét
long ion dugc phu trén bé dd silica (Water, Air & Soil Pollution: Focus, 2008, 8, 349-5
358).

Ngoai ra, viéc hoa tan truc tiép anot béng dién céc kim loai thanh dung dich ion
da dugc néu boi Abbot, A. P, va cong su (Phys. Chem. Chem. Phys., 2006, 8§,
4214-4221; va Trans. Inst. Metal Finishing, 2005, 83, 51 -53); Chen, P. -Y., va cdng su
(Electrochimica Acta, 2007, 52, 1857-1864); Hussey, C. L., va cong su (J.
Electrochem. Soc, 1991, 138, 1886- 1890); va Aldous, L. va céng su (New J. Chem.,
2006, 30, 1576-1583).

Tuy nhién, khong c6 bai bdo nao trong céac bai bdo trén d€ cip dén viéc hoa tan
truc ti€p cdc kim loai nguyén t6, hop kim hodc cac hgp chat kim loai trong céc chat

16ng ion ma khong c6 dung mdi va/hodc céac tac nhan oxy hoa thém vao.

Thiy ngén nguyén td duoc pha tron véi vang, kém va nhiéu kim loai va phan
ing v6i oxy trong khong khi khi dugc nung néng dé tao ra oxit thay ngén, ma sau do
duoc phan hiy biang cach nung néng tiép dén nhiét do cao hon. Thuy ngan khong phéan
Ung vdi hau hét céac axit, chéng han nhu axit sulfuric lodng, mic du viéc oxy hoa cac
axit nhu axit sulfuric dic va axit nitric hodc nudc cudong toan gitip hoa tan thiy ngan
dé tao mudi sulfat va nitrat hodc clorua. Thiy ngén phan tng véi hydro sulfua trong
khong khi va ca véi vay luu huynh rén. Phan ung nay cua thiy ngan véi luu huynh
nguyén tb dugc tan dung s dung trong cdc bd kit 1am sach thuy ngén bi tran, kit nay
chira bot luu huynh dé hap thu hoi thay ngan (cac bo kit nay cling st dung than hoat

tinh va kém dang bot dé hip thu va pha tron thiy ngén).

Phan mg ctia thily ngan nguyén t6 v6i brom va clo da duoc biét dén rong rai, la
phan tng hda hoc co ban (vi dy, tham khao Cotton va Wilkinson, Comprehensive
Inorganic Chemistry, 4th Edition, p592.), va da duoc cong nhan 1a mot co ché dé tao
thanh loai thuy ngén v6 co trong trong khi Wang et al., Atmospheric Environment,
2004, 38, 3675-3688 va S. E. Lindberg, et al., Environ. Sci. Technol., 2002, 36,
1245-1256). Phan (ng nay cua thiy ngin véi cac halogen da dugc st dung trong k¥

thuét loc khi ddt dé loai bo hoi thity ngan nhd phan tng v6i brom hodc clo & nhiét do
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cao d€ tao ra loai thuy ngan vd co ma c6 thé dé dang tach chiét vao moi trudong nudce

(vi duy, S-H. Lui, va cdng su, Environ. Sci. Technol., 2007, 41 , 1405-1412).

Brom d3 dugc st dung dé tach chiét vang tir quing (duoc s dung truc tiép hodc
tao ra tai chd tir mudi bromua va khi clo), tuy nhién, quy trinh nay da dugc thay thé

bing cac quy trinh tach chiét bang xyanua ré hon vé mat kinh té.

Khi stt dung brom hoic clo dudi nhiét d6 va 4p sudt méi trudng, s& gip nhidu
kho6 khan va rui ro bdi vi hoat tinh &n mon va ddc tinh ctia ca hoi brom va hoi clo cling
nhu su xung khéc ctia halogen véi nhidu kim loai. Brom duoc biét dén 1a chét oxy hoda
nhiéu kim loai thanh mudi bromua tuong ing cua chung, brom khan it phan Gng véi
cac kim loai hon so véi brom dugc hydrat hdéa. Brom kho phéan ing manh véi nhom,

titan, thiy ngén cling nhu céc kim loai kiém tho d€ tao ra cac mudi bromua kim loai.

Céac mudi perhalogenua hitu co (con duge biét dén 1a mudi trihalogenua) dugc su
dung trong nhiéu tmg dung, bao gdm str dung l1am chét khu tring; tdy do dét may; tiy
vét ban, va lam chit chéng gi hé nuée. Ngoai ra, cac mudi perhalogenua hitu co ¢6 thé
duoc str dung 1am chét bromua hoéa hiéu qua cao trong didu ché cac hop chét bromua
hitu co, bao gém cac chét c6 dic tinh khang viém, khéng virut, khdng khuan, khang

nam va chong chay.

Viéc str dung cdc dung dich mudi bromua v6 co trong nuéc lam tac nhan tach

chiét vang, bac, platin va paladi da duogc néu trong tai liéu US 5,620,585.

Nhiéu chét 16ng ion chira céc anion perhalogenua da duoc ghi nhén (vi du, tham
khao Bagno, A, et al., Org. Biomol. Chem., 2005, 3, 1624-1630). Céc ting dung vé cac
chit 16ng ion nhu thé bao gdm sir dung 1am mai trudng brom héa cac hop chit hiru co
(Bao, W., va cOng su, Green Chem., 20006, 8, 1028-1033; Bao, W., va cdng su, J. Chem.
Res., 2005, 617-619; Chiappe, C, va cong sy, Chem. Commun., 2004, 2536-2537;
Salazar, J. va cOng sy, Synlett, 2004, 1318-1320; Chiappe, C, va cdng su, Eur. J. Org.
Chem., 2002, 2831 -2837), lam céc chat luu c6 chi s6 khic xa cao (Seddon, K. R., va
cong su, New J. Chem., 2006, 30, 317-326), va lam thanh phan trong pin quang dién
(Gorlov, M., va cOng su, Dalton Trans., 2008, 2655-2666).

Ngoai ra, cic chat 16ng ion bao gdm céc anion perhalogenua c6 dd nhét thap hon
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cac chit long ion chira halogen tuong Ung, va la chat ky nudc, tao thanh hai pha én

dinh véi nuéec.
Béan chat ky thuat ciia sang che

Sang ché dua trén sy phat hién ring, cic chat long ion bao gébm cac anion
perhalogenua c6 thé hoa tan kim loai va cac hop chat kim loai ma khdéng can thém

dung mdi va/hodc cac chit oxy hoa bd sung bt ky.

Theo khia canh thtr nhat, sang ché dé xudt quy trinh hoa tan kim loai bao gbm

budc cho kim loai tiép xtc véi chét 1ong ion cé cong thuc:
[Cat+][X]

trong do: [Cat™] 1a mét hodc nhiéu loai cation, va [X-] 1&2 mot hodc nhiéu anion
perhalogenua, trong d6 chét 1ong ion khong chira cac dung moi va/hodc chat oxy hoa

bd sung.
Nhiing loi ich ¢é thé dat duogc

Viéc st dung céac chét 16ng ion chira cac anion perhalogenua dem lai mét sé uu
diém so véi céc chit 16ng ion da dugce su dung trudc day trong viéc hoa tan kim loai
va cac hop chit kim loai. Cu thé, cac chét 16ng ion chira anion perhalogenua 6n dinh
trong khong khi va do 4m, trai nguoc voi cac chét 16ng ion haloaluminat khong 6n
dinh trong khong khi va do 4m ma dugc st dung dé di€n hoa tan kim loai.

Ngodi ra, cac chat long ion bao gdm céc anion perhalogenua thuong ky nuéc va
do d6 thich hop dé tach chiét kim loai va cac hop chét kim loai ra khoi céc dung dich
nudc.

Diéu nay nguoc lai v6i cac hé trén co s& hydro sulfat dé tach chiét quing vang va
bac, cac hé trén co s nitrat dé xur ly nhién liéu hat nhan, va cac chit luu eutectic sau
trén co s6 clo duge md ta & trén, trong d6 cac chat 1éng ion dugc sir dung c6 thé tron
14n duoc véi nude. Do do, sdng ché dé xuét hé dung moi khong tron 14n duoc véi nude
va khong chitra nudc dé hoa tan kim loai va céc hop chét chira kim loai.

M0 ta chi tiét sang ché

Trong quy trinh theo sang ché, [X7] t6t hon 1a bao gdm mot hodc nhidu anion
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perhalogenua dugc chon tir nhom bao gdm [1s], [Brla], [Bral], [ClL2], [Brs], [CIBra],
[BrCL], [Icl], hoic [Cl]; tdt hon 1a [X] bao gdm mdt hodc nhidu anion
perhalogenua duoc chon tir [Brlo]", [Bral], [CILL], [CIBr2], hodc [BrCly]; tét hon nita
la [X] bao gbm mot hodc nhiéu anion perhalogenua dugc chon tir [BroI], [CIBr2],
hodc [BrCly]; va tét nhét 1a [X] 1a [CIBr2]". Theo phuwong an khac, [X'] bao gdm mot
hodc nhiéu anion perhalogenua duoc chon tir [I5],, [Brs]", hodc [Cl:], va tét hon la

[Br3]".

Theo sang ché, [Cat™] cb thé 1a cation dugc chon tu: amoni, azaannuleni,
azathiazoli,  benzimidazoli, = benzofurani, ~ benzotriazoli, boroli, cinnolini,
diazabixyclodeceni, diazabixyclononeni, diazabixyclo-undeceni, dithiazoli, furani,
guanidini, imidazoli, indazoli, indolini, indoli, morpholini, oxaboroli, oxaphospholi,
oxazini, oxazoli, /so-oxazoli, oxathiazoli, pentazoli, phospholi, phosphoni, phtalazini,
piperazini, piperidini, pyrani, pyrazini, pyrazoli, pyridazini, pyridini, pyrimidini,
pyrolidini, pyroli, quinazolini, quinolini, /so-quinolini, quinoxalini, selenozoli, sulfoni,
tetrazoli, iso-thiadiazoli, thiazini, thiazoli, thiopheni, thiuroni, triazadeceni, triazini,

triazoli, /so-thazoli va uroni.

Theo phuong én khac, [Cat*] 1a cation di vong chira nito béc bén duoc lua chon

tu:

Rd + Rg + Rgz‘ +
R Re Re RE Rt
CH
/w
RY rr R RY 1 RE 4 R



- ry + T e + ™ ™ +
2" R4
RS N Re “
1 ] . O !
\IO:[ R M TR
R® N Rt |
i
| R
- R® - L - _ -
B 0o+ B 0o+ B 7o+
Rb 2 Rq\ Re Rd
N N—=H
R :%RJ ! ﬂb/(:)\g‘c p" Re !
(6] 5 1
7N\
R e
Rn‘i
- o+
S
& d
R - R l_,,l\/]"
| ;
’ N
) W gt R /;»|\ R
H/ \H‘“ R Re
- va -

trong d6: mdi nhém trong sb cac nhom R?, RP, R, RY, R¢, Rf va Re duge lua chon
doc lap tor hydro, nhém alkyl mach théng hodc mach nhanh tr C, dén C30, nhém
xycloalkyl tr C3 dén Cg, hodc nhéom aryl tir Co dén Cio, hodc hai nhom bét ky trong sb
cac nhom R RS, RY, R® va R duge gén véi cac nguyén tir cacbon lién k& tao thanh
mach metylen -(CHy)q- trong d6 q la tr 3 dén 6; va trong d6 cac nhém alkyl,
xycloalkyl hogc aryl hodc mach metylen néi trén khong duge thé hodc co thé duoc thé
bo1 mot dén ba nhom duogc chon tur: alkoxy tir Cy dén Cs, alkoxyalkoxy tur C; dén Cp,
xycloalkyl tir C3 dén Cs, aryl tir Cs dén Cio, alkaryl tir C dén Cio, aralky! tir C7 dén Cyo,
-CN, -OH, -SH, -NO,, -CO2R*, -OC(O)R¥, -C(O)R¥, -C(S)RX, -CS,R¥, -SC(S)RX,
-S(O)(alkyl tir Ci dén Cs), -S(0)O (alkyl tir C; dén Cs), -OS(O)( alkyl tir C; dén Cy),
-S(alkyl tir C1 dén Cs), -S-S(alkyl tir C; dén Cs), -NR*C(O)NRYR?, -NR*C(O)ORY,
-OC(O)NRYR?,~ -NR*C(S)ORY, -OC(S)NRYR%  -NR*C(S)SRY, -SC(S)NR'RZ,
-NR'C(S)NRYR?, -C(O)NRYR?, -C(S)NRYR?, -NRYR?, hodc nhom di vong, trong dé R*,
RY va R* duoc chon ddc 1ap tir hydro hoic alkyl tir C; dén Cs.
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Tét hon 14, mdi nhom trong s6 cac nhom R?, RY, R¢, RY, Re, Rf va R® duoc lua
chon doc lap tir nhém bao gébm hydro, nhom alkyl tir C; dén Cyo mach thing hodic
mach nhanh, nhém xycloalkyl tir C; dén Cs, hodc nhom aryl Cs, trong d6 cac nhom
alkyl, xycloalkyl hodc aryl néi trén khong dugc thé hodc co thé duoc thé boi tir mot
dén ba nhom duoc chon tir: alkoxy tir C; dén Cs, alkoxyalkoxy tir C2 dén Ci,
xycloalkyl tir C3 dén Cs, aryl tir Cs dén Cio, -CN, -OH, -SH, -NO,, -COsalkyl(tir C
dén Cs), -OC(O)alkyl(tlr Ci dén Ce), aryl tir Cs dén C1o va alkaryl tir C7 dén Co.

Tét hon 14, R® dugc chon tir cac alkyl tur C dén C3o mach théng hodc manh nhanh,
tot hon 14 alkyl tir Ca dén Cao mach thing hodc mach nhanh, tét hon nira 1a alkyl tor C,
dén C1o mach théng hodc mach nhénh, va tbt nhit la alkyl tor Cy dén Cs mach théng hodc
manh nhanh. Céc vi du khac bao gé)m trong d6 R* dugc chon tir metyl, etyl, n-propyl,
n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-dexyl, n-undexyl, n-dodexyl,

n-tridexyl, n-tetradexyl, n-pentadexyl, n-hexadexyl, n-heptadexyl va n-octadexyl.

Trong céc cation bao gdm nhom R, Re t6t hon 1a duge chon tir cac alkyl tur C
dén Cio mach théng hoic manh nhanh, tt hon la, alkyl tur C, dén Csmach th?mg hoac

manh nhanh, va t5t nhét 12 R& 1a nhom metyl.

Trong céc cation bao gém ca nhém R® va Rg, R® va R tdt hon 1a duogc chon doc
lap tir alkyl tir C1 dén C3o mach thing hodc mach nhanh, va mot trong hai nhom R® va R#
c6 thé 1a hydro. Tét hon 1a, mot trong s6 R va Re ¢6 thé duoc chon tir céc alkyl tir Cy dén
Cio mach théng va mach nhanh, tét hon nita la, cac alkyl tir C; dén Cs mach théng va
mach nhanh, va t8t nhét 1a cac alkyl tur C, dén Cs mach théng va mach nhanh, va nhém
con lai trong R? va RE ¢6 thé duoc chon tir cac alkyl tir C; dén C1o mach thang hodc mach
nhanh, cac alkyl tir C, dén Cs mach théng hodc mach nhanh, va t6t nhét 1a nhom metyl.
Theo phuong an uu tién khéac, R® va R& ¢6 thé dugc chon doc lap tir cac alkyl tir C, dén

C30 mach thing hodc mach nhanh va cac alkoxyalkyl tir Cy dén Cjs.

Theo céc phwong an uu tién khac, R®, R®, RY, R¢, va Rf dugce chon doc 1ap tir
hydro va céc alkyl tir Ci dén Cs mach thing hodc mach nhanh, va tét hon 13, R®, R¢, RY,

R¢, va R"1a hydro.

Theo phuong 4n uu tién cia sang ché, [Cat*] dugc chon tu:
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va

Rij

trong do: R?, RP, R¢ RY, R¢, Rf, va R& nhu duoc x4c dinh & trén.

Tt hon 14, [Cat*] dwoc chon tir:

-+

va

¥

|

RB

B

O

RY

trong d6: R?* va R& nhu duge xé4c dinh & trén, va R" [a hydro hodc nhém metyl.

Cac vi du cu thé vé cac cation dugc uu ti€n bao gom:

H\\K:jjﬁf/ -\\M/Q§§/AM£H3 \\N/Q\Q,,mwgm@
_ | \—/ \—/
[mim] [emim] [bmim]
\N/\; _(CH,)sCHs CHacH:,\N/\;/CHzCH3
—/ —/
(hmim] [C,Cyim]
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§
/
/

P ‘ P va

[C.py] [C43pic]

=5 =4 Re e Rd

2l
2N & -

trong d6: R%, R, R, R¢, R®, R, va R& nhu dugc xéc dinh & trén.

Tét hon nita 14, [Cat™] dugc chon tur:

+

trong do: R%, R, R¢, RY, R¢, R, va Re nhu duge xac dinh & trén.

Cac vi du cu the vé cac cation dugc uu tién bao gom:
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Theo phuong 4n uu tién khac ctia sang ché, [Cat*] 12 cation axyclic dugc chon tir:
[INRHR")RIRY], [PRYR)R)R)], va [SRHR)R)],

trong dé: R?, RP, Re, va R¢ duoc lwa chon doc lap tir nhém alkyl tir C; dén Cso
mach thang hodc mach nhanh, nhém xycloalkyl tir C; dén Cs, hodc cac nhom aryl Ce
dén Cio; hodc hai nhém bat ky trong R, R¢, RY, R® va R dugc gan véi cac nguyén tir
cacbon lién ké tao thanh mach metylen -(CHa)q- trong d6 q la tir 3 dén 6; va trong do6
cdc nhém alkyl, xycloalkyl hodc aryl hodc mach metylen néi trén khong duoc thé hodc
c6 thé dugc thé béi mot dén ba nhém duoc chon tir: alkoxy tur Ci dén Ce,
alkoxyalkoxy tir C; dén Ciy, xycloalkyl tir C3 dén Cs, aryl tir Cs dén C)o. alkaryl tir Cs
dén Ci, aralkyl tir C7 dén Cio, -CN, -OH, -SH, -NO,, -CO:R¥, -OC(O)RX, -C(O)R¥,
-C(S)RX, -CS2RX, -SC(S)RX, -S(0)(alkyl tir C; dén Cs), -S(O)O (alkyl tir C; dén Cs),
-0S(0)( alkyl tir Ci dén Ce), -S(alkyl tir C; dén Cs), -S-S(alkyl tr Ci dén Ce),
-NR*C(O)NRYR?, -NR*C(O)OR?Y, -OC(O)NRYR? -NR*C(S)ORY, -OC(S)NRYR?
-NR*C(S)SRY, -SC(S)NRYR?, -NR!C(S)NRR? -C(O)NRYR? -C(S)NRYR?, -NRYR?,
hodc nhom di vong, trong d6 R*, RY va R* dugc chon ddc lap tir hydro hodc alkyl tir Cy
dén Cs, va trong d6 mot trong s6 R2 R® R, va RY ¢6 thé 1a hydro.

T6t hon 14, [Cat*] dugc chon tir:

[NRHR*)R)(RH]* va [PRHR*)R)RI)],

trong do: R?, R R, va RY dugc lua chon doc lap tir nhom alkyl tir C; dén Cis
mach théng hodc mach nhanh, nhém xycloalkyl tir C3 dén Cs, hodc cac nhom aryl Ce,
trong d6 cac nhom alkyl, xycloalkyl hodc aryl khong duogc thé hodc co thé dugc thé
bo1 mot dén ba nhém dugc chon tu: alkoxy tu C; dén Cs, alkoxyalkoxy tur C; dén C)s,
xycloalkyl tir C3 dén Cs, aryl tir C¢ dén Cio, -CN, -OH, -SH, -NO,, -CO»(alky! tir C,
dén Cs), -OC(O)(alkyl tir Cy dén Cs), aryl tir Cs dén Cio va alkaryl tir C7 dén Cio, va

trong d6 mot trong s6 R?, R®, R¢, va RY ciing ¢ thé 14 hydro.
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Cac vi du khac bao g6m trong d6 R% R® R¢, va RY dugc lua chon doc lap tur
metyl, etyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-dexyl,
n-undexyl, n-dodexyl, n-tridexyl, n-tetradexyl, n-pentadexyl, n-hexadexyl,
n-heptadexyl va n-octadexyl. Tét hon 1a, hai nhom hodc nhiu hon, va tdt nhét 1a ba
nhom hodc nhiéu hon, trong s6 R?, Rb, R, va R¢ dugc lua chon ddc lap tor metyl, etyl,

propyl va butyl.

Theo phuong 4n uu tién khac, mdi nhom R, R, va R 12 nhém alkyl duge chon
tr metyl, etyl, n-butyl, va n-octyl, va R* dugc chon tir hydro, metyl, n-butyl, n-octyl,

n-tetradexyl, 2-hydroxyetyl, hodc 4-hydroxy-n-butyl.
Céc vi du cu thé v& cac cation amoni va phosphoni thich hop dé st dung theo

sdng ché bao gom:

+ + + + +
NBu, | PBuy | NHBu; |, EtsNMe | NMeBuy

(IN4.4.4.4D (Ps4.4.4]) (INH4 4 4]) (IN2221]) (IN4,4,41])

+ + i + OH
(CgH17)sNMe NBuMes  (CgHi)NMes Meg,N/\/

(INggs.1]) (IN41,1,4D (INg 1.1.1]) (IN4 1.1, 201))

+ +/\/\/OH
(CeH13)3P——C14Ha2g , Me3N

([Ps.6.6.14)) (IN1.1.1.40n1])

Theo phuong an uu tién, [Cat+] duoc chon tur:
[NRHR*)RHR)]* va [PR)(R*)(R)R],

trong d6: moi nhém R?, R®, R®, va R¢ dugce lya chon ddc 1ap tir nhom alkyl tir C,

dén Cs mach théng hodc mach nhanh.

Theo phuong &n uu tién, véi méi nhém R?, R®, R, va R¢ dugc lua chon doc 1ap

tor nhom alkyl tir C; dén Cs mach théng hodc mach nhéanh, céc hop chét duoc uu tién
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6 thé duge chon tir:

+ + + + +
NBuy | PBuy | NHBuz ,  EtsNMe NMeBus

((N44.4.4D ((P4.4.4.4]) (INH4 44D (IN2221D (INg 441D

+ +/\/0H
NBUMe; +/\/\/OH MesN
' MesN \

va

N f
([N41,1,1]) (N1 1.1 400) (IN11.1.20n])

Sang ché khong giéi han & cac chit 16ng ion chira céc cation chi ¢6 dién tich don.
Do do, cong thire [Cat™][X"] bao gbm cé cac chit 1ong ion chua, vi dy, céc cation mang
dién tich hai, ba va bén. Do d9, lugng [Cat*] va [X] theo ty 18 twong déi trong chat 1ong
ion khong ¢d dinh, tuy nhién c6 thé thay ddi theo cation ¢6 nhiéu dién tich. Vi du, cdng
thite [Cat*][X] nén duoc hiéu 1a bao gdm céc chit long ion c6 cong thire [Cat?™][X ]2

[Cat*][X"]s, v.v.. Ngoai ta, [Cat] c6 thé la loai cation don hozc 12 hdn hop cta nhiéu

hon mét loai cation.

Céc chat [ong ion dé st dung theo sdng ché tt hon 14 c6 diém s6i 12 250°C hoic
thap hon, 6t hon 14 150°C hodc thép hon, tét hon nita 14 100°C hogc thip hon, tét hon
nita 1a 80°C hogc thap hon, va tét nhét 1a, chét long ion c6 didm sbi thip hon 30°C. Tuy
nhién, ho‘p chat bat ky dap ting tiéu chuan 12 mubi (bao gdm cation vé anion) va 1a chat
l6ng & nhiét do va 4p sudt van hanh clia quy trinh ¢6 thé dugc xac dinh nhu 1a chit 1ong

ion theo muc dich cua sang ché.

Nhu dugc luu y & trén, da biét ring trong linh vuc tuong Umg ring cac dic tinh
ctia cac chét 16ng ion c6 thé duoc “dung hoa” bing cach thay ddi ban chét cla cac
cation va cdc anion. Cu thé, trong cac quy trinh theo sang ché, cdu truc ctia cation hoic
céc cation c6 thé duoc chon dé thu dugc chét l6ng ion c6 tinh chét luu bién va dac tinh
vét Iy mong mudn, ching han nhu khoang 1éng, diém nong chay, do nhot, ky nudc va
hat dau. Viéc lua chon céc cation thich hgp dé thu duoc chét l6ng ion cé diéc tinh cu
thé duoc biét dén rOng rai trong linh vuc nay, va ¢ thé dugc thuc hién boi nguoi cd

hiéu biét trung binh trong linh vuc tuong Gng.
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Theo mot phuong &n uu tién cia sang ché, chat long ion ky nudc.

Nhu dugc st dung & day, thudt ngit “kim loai” can dugc hiéu 1a bao gdm ca kim
loai nguyén t6 va hop kim kim loai c6 trang thai oxy hoa 1a 0 va cac hop chét kim loai
chéng han nhu céc oxit kim loai hodc sulfua kim loai, ma cé trang thai oxy hoa lon
hon 0. Ngoai ra, kim loai c6 thé duoc két hop véi céc chit nén khac, vi du, kim loai c6
thé & dang quang kim loai, kim loai c¢6 thé c6 trong chit nén la hyrocacbon léng hodc

khi, hoac kim loai ¢6 thé & dang dung dich hé nudc hoac huyén phu.

Thuét ngit “kim loai” bao gdm ca cac & kim hoat dong theo cach tuong tu nhu
cac kim loai theo quy trinh cia sang ché. Do dé, thuét ngir “kim loai” cin dugc hiéu la
bao g6m ca silic, germani, arsen, selen, antimon, telu, va poloni, va cac hop chét cua
chiing, ciing nhu cac kim loai kiém, cac kim loai kiém thd, cac kim loai chuyén tiép,

lantanitit, actinit, nhom, indi, thiéc, tali, chi, va bismut, va céc hop chit cta chung.

Tot hon 1a, kim loai bao gdm mdt hodc nhiéu chat trong s6 silic, germani, arsen,
selen, antimon, telu, va poloni, cac kim loai chuyén tiép, cac lantanit, cac actinit, nhom,

indi, thiéc, tali, chi, va bismut.

Theo mdt phuong 4n, quy trinh theo sang ché c6 thé duge sir dung dé hoa tan

kim loai quy dugc chon tir vang, bac, platin, paladi, rodi va iridi.

Theo phuong an khac, quy trinh theo sang ché c¢6 thé duoc su dung dé hoa tan
kim loai ndng, doc dugc chon tr cadimi, thiy ngén, indi, tali, germani, thiéc, chi, arsen,

antimon, bismut, selen, telu va poloni. Cu thé, quy trinh theo sang ché c6 thé duoc sur
dung dé hoa tan thiiy ngan.

Theo phuong 4n khac, quy trinh theo sang ché c6 thé duge st dung dé hoa tan
kim loai dugc chon tu silic va germani.

Theo phuong an khac, quy trinh theo sang ché ¢ thé dugc st dung dé hoa tan

kim loai dugc chon tir lantanit va actinit.
Theo phuong 4n khéc nita, quy trinh theo sang ché c6 thé duoc su dung dé hoa
tan cac kim loai phéng xa dugc chon tlr tecneti, prometi, bismut, poloni va actinit.
Theo mét phuong 4n ctia séng ché, tot hon 1a kim loai ¢ trang thai oxy hda ban

dau thép hon trang thai oxy hda 16n nhét cia kim loai (vi du 0, +1 hodc +2) va duoc
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oxy hoa khi tiép xUc v6i chat long ion dé dat duoc trang thai oxy hoéa cao hon, véi su
khtr ddng thoi anion perhalogenua thanh ba anion halogenua. Theo phuong 4n uu tién,
kim loai hoa tan nhiéu trong chit 16ng ion sau khi oxy héa thanh trang thai oxy hoa
cao hon. Theo phuong an uu tién khac, kim loai ¢ trang thai oxy héa cao hon tao ra
phtrc ion véi1 mot hodc nhiéu anion halogenua duoc tao ra khi khir anion perhalogenua,
va tot hon 1a, phirc ion 13 anion halogenua kim loai. Vi du, thiy ngan nguyén té (0)
phan tng véi chit 16ng ion ching han nhu 1 -butyl-3-metylimidazol tribrom dé tao ra
cdc dang thuy ngin (II) dugc tao phirc v6i cic anion brom dé tao ra anion

bromomercurat(II).

Khong bi rang budc bai bat ky Iy thuyét cu thé nao, c6 thé tin ring céac chit long
ion bao gdm céc ion perhalogenua cé thé oxy hoa kim loai va cac hop chit kim loai, va
cac ion halogen dugc tao ra trong budc oxy hoa c¢é thé phdi hop voi kim loai da oxy

héa dé thiic day qua trinh hoa tan kim loai d& oxy hoa trong chét long ion.

Viéc hoa tan kim loai trong cac chat 16ng ion nhd quy trinh oxy hoa kim loai tir
trang thai oxy héa thap dén trang thai oxy héa cao hon phu thudc vao kha ning oxy
hoa cta anion perhalogenua c6 mit trong chit 1ong ion dé oxy hoa kim loai. Da duoc
biét ring, kha ning oxy héa cua cac halogen theo thir ty sau Cl, > CIBr > Bry > I, va
thé oxy hoa khtr pin ban phan ctia nhidu kim loai da duoc biét tur day dién hoa (vi du,
tham khao sb tay héa Iy (CRC Handbook of Chemistry and Physics, 87th Ed., CRC
Press, 2006). Kha ning oxy hoa clia dung mdi chit 16ng ion c6 thé duge thay dbi va
diéu khién bang cach lya chon cac thanh phan halogen cua anion perhalogenua thich
hop. Theo thong thuong, céc kim loai c6 thé duge hoa tan néu chét kim loai c6 kha
ning oxy hoa do anion tuong (mg c6 mit trong chét 16ng ion. Ngudi c¢6 hidu biét trung
binh trong linh vuc k§ thuat twong tmg c6 thé d& dang lua chon cac chét long ion véi
khd nidng oxy hoda du dé oxy héa kim loai cu thé nho lya chon thanh ph?m
perhalogenua thich hgp ctia chit 1ong ion. Chudi sau day thé hién kha ning oxy hoa
tang dan cta cac anion perhalogenua tir [I;] (c6 kha ning oxy héa thap nhét) dén [Cls]

(c6 kha ning oxy hoa cao nhét):
[I3]” < [Brl] ~ [IBro]" < [ClI2] < [Br3]" < [CIBr] < [ICL2] ~ [BrCL] ~ [Cl]
Theo séng ché, tét hon 1a kim loai dugc cho tiép xUc voi chét long ion & nhiét do
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nim trong khoang tir -80°C dén 200°C, tot hon la tir 0°C dén 150°C, va tbt nhat la tir
20°C dén 100°C. Do hoa tan kim loai thuong tdng lén khi kim loai dugc tiép xuc véi

chat 1édng ion ¢ nhiét do cao.

Tét hon 14, kim loai duge cho tiép xuc véi chit 16ng ion & ap suat khi quyén
(khoang 100 kPa), mic du c6 thé sir dung 4p suit cao hon hodc thp hon ap sudt khi
quyén néu mudn. Vi du, quy trinh ¢6 thé xay ra & ap suit nam trong khoang tir 10 kPa
dén 10000 kPa, tt hon 1a tir 20 kPa dén 1000 kPa, tot hon nita la tir S0 dén 200 kPa,
va tot nhat 1a tir 80 dén 120 kPa. Tuy nhién, nhu duoc luu y & trén, chit 1ong ion phii

& trang thai long & nhiét d6 va ap sudt van hanh ctia quy trinh theo sang ché.

Do d6, ngudi ¢ hiéu biét trung binh trong linh vuc nay s& danh gia khoang nhiét
do va ap suét van hanh, trong mot sb truong hop, co thé con bi gidi han boi khoang

nhiét do va ap suét ma tai d6 chét 16ng ion dugc chon c6 dang long.

Ty 1€ mol cua cdc nguyén to kim loai trong kim loai so véi cidc anion
perhalogenua trong chét 1ong ion tét hon 1a nam trong khoang tir 1 :0,5 dén 1:10.000,
tot hon a tir 1:1 dén 1:1000, t6t hon nita la tir 1:1 dén 1:100, va tot nhit la tir 1:1 dén
1:10.

Theo mdt phuong &n, su hoa tan kim loai trong chit long ion duoc hd tro béng
cach khudy hdn hop chat 1ong ion va kim loai, vi du, khudy, lic, tao xody hodc siéu

am.

Theo khia canh khéc, sang ché dé& xuét quy trinh tai xir Iy nhién liéu hat nhan da
qua st dung chira kim loai phong xa, quy trinh nay bao gdm budc hoa tan kim loai
phong xa frong chat 1ong ion nhu duoc xac dinh & trén. Nhién liéu hat nhan da qua sur
dung c6 thé chira actinitd oxit, va tét nhit 1a actinit oxit chira urani oxit va/hodc plutoni

oxit.

Theo phuong 4n uu ti€n khac, nhién liéu hat nhan da qua si dung bao gom cac
vat liéu ma chtra cdc kim loai dugc hoa tan cung véi kim loai phong xa. Cac vat liéu
ma nhién liéu hat nhan ¢6 thé dugc hoa tan theo khia canh nay cua sang ché bao gom

cac hop kim zirconi.

Theo khia canh khéc, sang ché dé xuét quy trinh loai bd kim loai ra khoi vat liéu
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chura kim loai bao gém budc cho vat liéu chira kim loai tiép xtc véi chit long ion nhu
duoc xac dinh ¢ trén. Theo khia canh nay cua sang ché, vat lidu chira kim loai o thé 1a
vat li€u khi, 1éng hodc rdn, va c6 thé bao g61n kim loai bat ky nhu dugc xac dinh &
trén.

Theo mot phuong éan, vat liéu chua kim loai 1a khi hydrocacbon chira kim loai,
chéng han nhu khi thién nhién va/hodc khi chung cat. Vi duy, cac kim loai ndng va doc,
chang han nhu thily ngén c6 thé duoc loai bo ra khoi khi hydrocacbon theo khia canh

nay cua sang che.

Theo phuong 4n khac, vat liéu chtra kim loai 1a hydrocacbon long chira kim loai.
Céc vi du vé céc hydrocacbon 1éng chira kim loai c6 thé duoc xu ly theo khia canh nay
ctia sang ché bao gém khi thién nhién hoa léng; san pham chung cit nhe, vi du bao
gdm khi ddu mé héa léng, xing, va/hodc dau mo; khi thién nhién ngung tu; san pham
chung cét trung binh, vi du bao gdm dau hoa va/hodic dau diesel; san phim chung cét

nang, vi du dau nhién li€u; va dau tho.

Theo phuong 4n khéc, vt liéu chira kim loai 1a dung dich nuéc chira kim loai.
Khia canh nay ctia sang ché c6 thé duoc ap dung cho viéc diéu giai lai nue ngam
chira kim loai; thu hdi kim loai ra khoi dung dich tach chiét kim loai chra kim loai
dugc tach chiét tir quing khoéng sén sir dung c4c tdc nhan tach chiét gbc nude; thu hdi
kim loai xtic tic ¢ gi tri, ching han nhu xuc tac kim loai chuyén tiép, tir cac dung
dich nuéc cta kim loai xtc tac; va dé didu giai cdc san pham phu trong nudc khi xu ly

hodc tai xtr ly nhié€n li€u hat nhén.

Theo phuong 4n khéc nita, vat liéu chira kim loai 13 chét rdn chaa kim loai.
Quing khodng chtra kim loai c¢6 thé dwoc xir Iy v6i chét l6ng ion nhu duge mod ta &
trén dé tach chiét kim loai, vi du kim loai quy tir quing. Khia canh nay cua sang ché
cling c6 thé duoc st dung dé thu hdi kim loai quy va/hodc kim loai ndng ra khoi thiét
bi dién khong dung nita, ching han nhu bang mach va linh kién dién t&, va cac hang
tiéu dung khong dung nira khéc. Khia canh nay ctia sang ché c6 thé con duogc st dung
dé thu hdi cac kim loai xuc tac, vi du xuc tac kim loai chéng han nhu platin, paladi,

rhodi, iridi, ruteni, osmi, tir chat mang ran.

Theo khia canh khac, sang ché dé xuat quy trinh khac an mon 1én bé mit cua 4
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kim, bao gdm cho bé mit thoang tiép xuc v&i chét long ion nhu dugc mo ta & trén.
Viéc khic an mon 4 kim theo quy trinh cia sang ché c6 thé duoc sir dung trong sén
xuit cac hé co dién ¢& nhé (Microelectromechanical System - MEMS) va cac dung cu
ban d&n 4 kim. Tt hon 13, theo khia canh nay cua sang ché, chit ban din 4 kim bao
gbm silic va/hodc gali.

Theo khia canh khac nita, sang ché dé xuét hdn hop kim loai-chét léng ion co thé
thu dugc bang quy trinh bao gdm cho kim loai tiép xuc véi chét long ion co6 cong thurc:

[Cat"][X]
trong d6 [Cat*] 14 mot hodc nhiéu loai cation nhu dugc xéac dinh ¢ trén, va

[X"] 12 mot hodc nhidu anion perhalogenua nhu dugc xac dinh & trén,

trong d6 chit 16ng ion khong cdn c6 thém dung mai va/hodc chit oxy hoa bd
sung.

Theo khia canh khac, sing ché d& xuét chét léng ion bao gém phirc anion
halometallat ¢é thé thu dugc tir chét 16ng 1on chira anion perhalogenua nhu dugc mo ta
O trén.

Céc hon hop kim loai-chét 16ng ion c6 thé ¢6 ty 18 mol cua kim loai dugc hoa tan
trong chét 1éng ion it nhat 14 0,05:1.

Céc hon hop kim loai-chat 1ong ion c6 thé c6 ty 16 mol cia kim loai dwoc hoa tan
trong chét 1éng ion it nhat1a 0,1 :1.

Céc hdn hop kim loai-chét long ion cé thé ¢o ty 1€ mol cua kim loai dugc hoa tan
trong chét 16ng ion it nhét 1a 0,2:1.

Céac hén hop kim loai-chét long ion ¢o thé ¢6 ty 1€ mol cua kim loai dugc hoa tan
trong chét 1ong ion it nhit 14 0,4:1.

Céc hdn hop kim loai-chat 1ong ion c6 thé c6 ty 1€ mol cda kim loai dugc hoa tan
trong chit 1ong ion it nhit 14 0,6:1.

Cac hdn hop kim loai-chét long ion cé thé co ty 1€ mol cuia kim loai duoc hoa tan

trong chat 16ng ion it nhét 12 0,8:1.
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Céc hdn hop kim loai-chét léng ion ¢cé thé ¢6 ty 1€ mol cua kim loai dugc hoa tan

trong chit 16ng ion it nhét 13 0,9:1.

Céc hdn hop kim loai-chét 16ng ion ¢6 thé co ty 16 mol ctia kim loai dugc hoa tan

trong chét 16ng ion it nhat 1a 1 :1.

Céc khia canh ctia sang ché s& dugc mo ta chi tiét bang céc vi du sau.
Vi du thuye hién sang ché
Vi du 1: Téng hop céc chit 16ng ion perhalogenua

Céc chét 16ng ion véi hdn hop cac anion perhalogenua ([XY2], véi X = Cl hodc
Br, va Y = Br hodc I) duoc chuén bi voi céc cation dialkylimidazol, tetraalkylamoni,
tetraalkylphosphoni va alkylmetylpyridipyridin (xem Bang 1) theo cac quy trinh tuong
ung. Tém lai, brom 1éng hoac 16t rén dugc thém vao mot lugng thich hop mudi
halogen hiru co dé dat dugc duong luong mol 1:1 mong mudn, tao ra cac anion
perhalogenua. Céc hdn hgp dugc tron qua dém & nhiét do phong dé tao ra cac chit
léng ion perhalogenua twong ng, dugc xac dinh dic tinh bing phd khéi va phén tich

nhiét trong (TGA).

Phéi khéi chi rd su ¢é mit cta cac ion khdi luong cua cation ([Q]F) va cac anion
perhalogenua ([XYa]') trong mdi truong hop. TGA ching minh tinh dé& bay hoi cta
halogen bi giam dang ké do su két hop v6i chat 16ng ion. Su mét khéi luong, cao hon
khoang nhiét do tir 150 dén 300°C, tuong ing véi su hao hut ban ddu do dihalogen dé
bay hoi khoi chit 1ong ion (Br hodc CIBr) va cung v6i sy phan hily nhiét ctia mudi

halogen hitu co phtt hop véi nhiét do phan hay 1y thuyét.

Bang 1: Céc chat 1ong ion diéu ché va trang thai vat ly

Cation® Anion Trang thai vét ly ¢ nhiét Do én dinh nhiét (dugc xac
do phong dinh bdi TGA)

[Camim]"  [Brl] Long 208°C

[Csmim]™  [Br3] Léng 185°C
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[Csmim]"  [ClI2] Long 205°C
[Csmim]™  [CIBry] Long 152°C
[Psss14]"  [CIBra] Long 194°C
[C2Coim]"  [Br3] Long 156°C
[Nasa1]™  [Brs] Tinh thé 176°C
[Ca*pic]t  [Brs] Tinh thé 155°C

¢ [Csmim]" = I-butyl-3-metylimidazol; [Psse,14]" = trihexyltetradexylphosphoni;
[C2Coim]" = 1,3-dietylimidazol; [Nssqi]" = tributylmetylamoni; [Ca'pic]” =
1-butyl-4-metylpyridipyridin (4-picolin).

Vi du so sanh 2: Kha ndng hoa tan cta brom trong céc chét long ion khong chtra

halogen

Brom khong dugc phat hién 1a ¢ thé tron 14n hoan toan & ty 1€ mol 1:1 vai
1-butylpyridipyridin bistriflimit hodc véi 1-butyl-3-metylimidazol hydrosulfat, va su
tang thé tich hoi brom duoc quan sat tir hdn hop chit 16ng ion/brom trong mot khoang
thoi gian dudi cac diéu kién thuong.

Vi du 3: Hoa tan kim loai

Céc mau bot kim loai nguyén té (khoang 0,1 g mdi mau, khéi lugng chinh xéac)
duge tron voi 1-butyl-3-metylimidazol tribrom (1,0 ml) tao ra hdn hgp chia khoang
5 % trong luong kim loai trong chat 16ng ion. Hon hop duoc khudy dong thoi duoc
dun néng dén nhiét 4o 60°C trong thoi gian 72 gid, sau d6 dugce dé ngudi dén nhiét do
phong va dugc loc qua luéi loc 2 micronmet bang niléng. Di véi mdi mau, khoéng
0,1 g nude loc duge can chinh xé4c, va duoc thily phan trong 50 ml axit nitric 5% trong
luong/trong luong va lugng kim loai duoc xac dinh béng phén tich plasma cam wng
(Inductively Coupled Plasma - ICP). Phan trim mu kim loai hoa tan trong chét long

ion trong mdi thit nghiém duoc thé hién trong Béng 2.
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Bang 2. Két qua thtr nghiém do hoa tan kim loai

Phéan tram kim loai dugc hoa tan trong

Kim loai ,

chat long ion
Nhém 5
Crom 49
Pong 94
Sét 71
Antimon 98
Titan Vét
Vonfram 7

Vi du 4: Sang loc dinh tinh kha ndng hoa tan thily ngén

Sang loc dinh tinh kha ning hoa tan thity ngan nguyén t trong cac hé chét 1ong
ion da dugc thuc hién bang cach quan sat truc tiép trang thai cua cdc giot thuy ngan
(khoang 0,05 g) duoc khudy trong khoang 1-2 ml chét long ion & nhiét d§ phong va &
60°C. Su hoa tan hoan toan duéi cic diéu kién nay s& lam cho ndng do tai thily ngén

nim trong mirc tir 25 dén 50.000 ppm (khoang 5 %mol).

Bang 3. Cac chét l6ng ion Perhalogenua duoc sang loc va quan sat kha ning hoa

tan thiy ngan.

Cation? Anion Khé nang hoa tan thuy ngan®
[Csmim]* [Brl2] Quan sat thay khong hoa tan
[C4mim]* [Br3] Hoa tan
[C4mim]* [CIL2] Quan sat thiy khong hoa tan
[Csmim]* [CIBr2] Hoa tan
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[Po.6.6.14]" [CIBra] Hoa tan

[C2Caim]” [Brs]" Hoa tan

[Naga1]t [Br3] Hoa tan

[Ca'pic]” [Brs]- Dung méi rén dudi cac didu kién thir
nghiém

“[Csmim]™= 1-butyl-3-metylimidazol; [Pses,14]" = trihexyltetradexylphosphoni;
[C2Caim]” = 1,3-dietylimidazol; [Na441]" = tributylmetylamoni; [C4*pic]® =

1-butyl-4-metylpyridipyridin (4-picolin).

b Khoang 0,05g thity ngan dugc cho tiép xtc v6i 1-2 ml chét 16ng ion, do hoa tan

thity ngan it nhit 14 25.000 ppm.
Vidu 5: Hoa tan lugng 16n thuy ngan

Thiy ngin nguyén t& (1,213g, 6,05 mmol) duoc thém vao
1-butyl-3-metylimidazol tribrom (4,52 g, 12,1 mmol) va dugc dun nong dén nhiét do
70°C va khudy déu trong thung kin. Giot thuy ngan kim loai ning dugc quan sat vé su
giam thé tich theo thoi gian, va sau 2 gi0, thuy ngén bi hoa tan hoan toan trong dung
dich chit 16ng ion mau do. bé ngudi dén nhiét do phong, khong quan sat duoc két tia

thiy ngan hodc céc hat chtra thuy ngan.
Vi du 6: Diéu ché 1 -butyl-3-metylimidazol tribromomercurat(II)

Thiy ngin nguyén t5 (3,129 g 156 mmol) dugc thém vio
1-butyl-3-metylimidazol tribrom (5,91 g, 15,6 mmol) va dugc dun néng dén nhiét do
70°C ¢6 khudy trong binh kin. Giot thuy ngén kim loai ning dugc quan sit su giam thé
tich theo thoi gian, va sau 4 gio thily ngén bi hoa tan hoan toan véi su thay d6i mau
sdc ciia chit 1ong ion tir d6 dam dén vang nhat khi hoa tan hoan toan thuy ngin va
chuyén hoa cac anion tribrom thanh céc anion tribromomercurat(Il). Khi dé ngudi,
chit long ion mai, 1 -butyl-3-metylimidazol tribromomercurat(I) két tinh dudi dang

tinh thé rin mau vang nhat & nhiét do 40°C.

Vi du 7: Diéu ché bis(1,3-dietylimidazol)tetrabromomercurat(II)
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Thuy ngan nguyén t6 duoc thém vao 1,3-dietylimidazol tribrom va duoc dun
néng dén nhiét d6 70°C c6 khudy trong binh kin. Giot thiy ngan kim loai nang duoc
quan sat su giam thé tich va sau 4 gio thily ngén bj hoa tan hoan toan trong chat long
ion c6 mau do. Dé ngudi dén nhiét do phong va dé yén dé tao ra c4c tinh thé trong chét
léng ion, céc tinh thé nay dugc phédn 1dp va xac dinh duoc do la
bis(1,3-dietylimidazol)tetrabromomercurat(Il) bang quy trinh nhiéu xa tia X qua tinh

thé don.
Vi du 8: Hoa tan thily ngan trong céc chit 1ong ion perhalogenua tir it

Viéc hoa tan mot lugng 16n thily ngan nguyén té khong duoc quan sat trong cac
chét long ion perhalogenua tir idt, [Csmim][ClL;] va [C4mim][BrI2] hodc véi
L-butylpyridipyridin bistriflimit hodc véi 1-butyl-3-metylimidazoli hydro sulfat dudi

cac dicu kién dugc mo ta ¢ vi du 4.
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YEU CAU BAO HQ
1. Quy trinh hoa tan kim loai tir dong hydrocarbon, quy trinh nay bao gdm budc cho

kim loai tiép xtic v&i chit 1ong ion c6 cong thuc:
[Cat"][X]
trong d6: [Cat'] 1a mot hodc nhiéu loai cation, va
[X] 1a mdt hodc nhidu anion perhalogenua,
trong d6 chét 1ong ion khong chira cac dung mdi va/hodc chit oxy hoa bd sung.

2. Quy trinh theo diém 1, trong d6 [X"] bao gdm it nhit mot anion perhalogenua dugc

chon tir [Is], [BrLo]", [Bral], [CIL], [Brs], [CIBr:]", [BrCLo]", [ICL] hodc [Cls].

3. Quy trinh theo diém 2, trong d6 [X"] bao gdm it nhit mot anion perhalogenua dugc

chon tr [Brlz], [Bra], [ClL2], [CIBr2], [BrClz] hoac [ICl,].

4. Quy trinh theo diém 2, trong d6 [X'] bao gbm it nhit mot anion perhalogenua dugc

chon tur [15], [Brs] hodc [Cl3]-.

5. Quy trinh theo diém bét ky trong sb cac diém néu trén, trong do [Cat™] la cac loai
cation dugc chon tir nhom bao gém: amoni, azaannuleni, azathiazoli, benzimidazoli,
benzofurani, benzotriazoli, boroli, cinnolini, diazabixyclodeceni, diazabixyclononenti,
diazabixyclo-undeceni, dithiazoli, furani, guanidini, imidazoli, indazoli, indolini,
indoli, morpholini, oxaboroli, oxaphospholi, oxazini, oxazoli, iso-oxazoli, oxathiazoli,
pentazoli, phospholi, phosphoni, phtalazini, piperazini, piperidini, pyrani, pyrazini,
pyrazoli, pyridazini, pyridini, pyrimidini, pyrolidini, pyroli, quinazolini, quinolini,
iso-quinolini, quinoxalini, selenozoli, sulfoni, tetrazoli, iso-thiadiazoli, thiazini,

thiazoli, thiopheni, thiuroni, triazadeceni, triazini, triazoli, iso-thazoli va uroni.

6. Quy trinh theo diém 5, trong do [Cat™] 1a loai cation duoc chon tir nhom chi bao

gom:
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RS Re Re
M
OUR O]
RY N Rf RP N R
L] R
F T+ B 1+ B I+
o] O O
- M I
R N Re | ]
I R2 R3
L R _ L - L -
[~ T+ B T+ F T+
R2 Ra RS, R& R
/ \
- N—N
R @“m ’ RN R RN TR
| VAN
. R R
Rr
L . L . L ]
r R T+ B 7o+
R Re RS O Rd
va
Rb N R R N Re
Ra/ \Rg Ra/ \Rg

trong d6: mdi nhém trong s cac nhom R?, RP, R¢, RY, Re, Rf va R duge lua chon doc
lap tr hydro, nhém alkyl mach théng hodc mach nhanh tir C; dén C30, nhém xycloalkyl
tir C; dén Cs, hodc nhom aryl tir C¢ dén Cio, hodc hai nhom bt ky trong sé cdc nhom
R’ R¢, RY, R® va Rf dugc gin véi cac nguyén tir cacbon lién k& tao ra mach metylen
-(CHz)¢- trong d6 q la tir 3 dén 6 va trong d6 cac nhém alkyl, xycloalkyl hodc aryl
hodc mach metylen néi trén khéng dugc thé hodc c6 thé dugc thé boi mdt dén ba
nhém duoc chon tir: alkoxy tir C; dén Cs, alkoxyalkoxy tir C; dén C1s, xycloalkyl tir C3
dén Cs, aryl tir Cs dén Cio, alkaryl tir C7 dén Cho, aralkyl tir C7 dén C1o, -CN, -OH, -SH,
-NOz, -COzR%, -OC(O)R¥, -C(O)R¥, -C(S)R¥, -CS2R¥, -SC(S)RX, -S(O)(alky! tr C;
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dén Cs), -S(0)O (alkyl tir Ci dén Cg), -OS(O)( alkyl tir Cy dén Ce), -S(alkyl tir Cy dén
Cs), -S-S(alkyl tir C; dn Cs), -NR*C(O)NRYR? -NR*C(O)ORY, -OC(O)NRYR?
-NR*C(S)ORY, -OC(S)NRYRZ -NR*C(S)SRY, -SC(S)NRYR%  -NR!C(S)NRYR
-C(O)NRYR?, -C(S)NRYR?, -NRYR? hodc nhom di vong, trong d6 R*, RY va R* duogc
chon ddc 1ap tir hydro hoic alkyl tir Ci dén Cs.

7. Quy trinh theo diém 6 trong do [Cat’] 1a loai cation dugc chon tir nhom chi bao

gom:

B Re 1+ B T+
R /Rg
Rc\ R N
O
O R )\Rd ’
N
RP N =
| 2

L R2 _ L _

trong do: R?, R, R¢, RY, Re, Rf va R& nhu duoc xé4c dinh theo diém 6.

8. Quy trinh theo diém 7 trong d6 [Cat™] la loai cation dugc chon tir nhom chi bao

gbm:

o . &

trong d6: R® va R& nhu duge xac dinh theo diém 6.
9. Quy trinh theo diém 5, trong d6 [Cat*] duoc chon tir nhom chi bao gdm:

[NRHR)R)RHT, [PRHR)RYRDTF, va [SRHR)R)]*,

trong d6: mdi nhom trong s6 cac nhom R?, R, R¢, va RY dugc lua chon doc 1ap tur
nhoém alkyl mach théng hodc mach nhanh tir C; dén Cso, nhom xycloalkyl tir C3 dén Cg,
hodc nhém aryl tir Cs dén Cio; hodc hai nhém bAt ky trong sb cac nhom RP, RS, RY, R®

va R" duge gén vdi cac nguyén tir cacbon lién ké tao ra mach metylen -(CH,)q- trong

-27-



20630

d6 q 1a tir 3 dén 6; va trong d6 cac nhom alkyl, xycloalkyl hodc aryl hodc mach
metylen ndi trén khong dugc thé hodc c6 thé duoc thé bsi mot dén ba nhém duoc chon
tir: alkoxy tir C; dén Cs, alkoxyalkoxy tir C, dén Cia, xycloalkyl tir C3 dén Cs, aryl tu
Ce dén C)o, alkaryl tir C7 dén Cio, aralkyl tir C7 dén Cyo, -CN, -OH, -SH, -NO,, -CO.RX,
-OC(O)RX, -C(O)RX, -C(S)RX, -CS:RX, -SC(S)RX, -S(O)(alkyl tir C; dén Cs), -S(0)O
(alkyl tir C1 dén Ce), -OS(0)( alkyl tir Cy dén Cs), -S(alkyl tir C; dén Cs), -S-S(alky! tur
Ci dén C¢), -NR*C(O)NR'RZ -NR*C(O)ORY, -OC(O)NRYR% -NR*C(S)ORY,
-OC(S)NRYR?,  -NR*C(S)SRY, -SC(S)NRYR? ~ -NR!C(S)NRYR?  -C(O)NRYR?,
-C(S)NRYR?, -NRYR?, hodc nhém di vong, trong d6 R*, RY va R* dugc chon doc 14p tur
hydro hodc alkyl tir C1 dén Cs, va trong d6 mot trong sé cac nhom R2, R?, R¢, va R¢ ¢

thé 13 hydro.

10. Quy trinh theo diém bat ky trong sb cac diém néu trén, trong d6 chat 16ng ion 12
chat ky nuée.

11. Quy trinh theo diém bat ky trong sb cac diém néu trén, trong dé kim loai dugc oxy
hoéa tir trang thdi oxy héa ban dau thip hon trang thai oxy héa cao nhit cua né dén
trang thai oxy hoéa cao hon nho phan ting véi chit 1ong ion.

12. Quy trinh theo diém 11, trong dé kim loai ¢ trang thai oxy hda cao hon hoa tan
trong chét 1éng ion nhidu hon so véi khi & trang thdi oxy héa ban dau.

13. Quy trinh theo diém 11 hoic 12, trong do kim loai dugc oxy hoa tao phtc ion véi

mdt hodc nhiéu anion halogenua duoc tao thanh trong sudt qua trinh oxy hoa.
14. Quy trinh theo diém 13, trong d6 phurc ion la anion halometallat.

15. Quy trinh theo diém bat ky trong s cac diém néu trén, trong d6 kim loai bao gdm
kim loai dugc chon tir kim loai chuyén tiép, lantanit, actinit, nhom, silic, germani,
arsen, selen, indi, thiéc, antimon, telu, tali, chi, bismut hoéc poloni.

16. Quy trinh theo diém 15, trong d6 kim loai bao gom kim loai quy duoc chon tur

vang, bac, platin, paladi, rodi va iridi.

17. Quy trinh theo di€ém 15, trong do6 kim loai bao gém kim loai nidng, doc dugc chon
tr cadimi, thuy ngan, indi, tali, germani, thi€c, chi, arsen, antimon, bismut, selen, telu

va poloni.

-28-



20630

18. Quy trinh theo diém 17, trong d6 kim loai bao gdm thuy ngan.

19. Quy trinh theo diém bat ky trong sé céc diém néu trén, trong d6 kim loai bao gdm

kim loai & dang nguyén to.

20. Quy trinh theo diém bét ky trong s6 cac diém tir 1 dén 18, trong d6 kim loai bao

gom oxit kim loai hoac sulfua kim loai.

21. Chét léng ion chira cac loai kim loai hoa tan c6 thé thu duge bang quy trinh theo

diém bét ky trong sb cac diém tir 1 dén 20.

22. Chét 16ng ion theo diém 21, trong do ty 1€ mol ctia kim loai hoa tan trong chét 1ong

ion it nhat 14 0,05:1.

23. Chét 16ng ion theo diém 22, trong do ty 1& mol cua kim loai hoa tan trong chét 1ong

ion it nhéat 1a 1:1.
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