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ABSTRACT

QSPR STUDY ON THE VISCOSITY OF IONIC LIQUIDS

ABSTRACT

Ionic Liquids, which emerged over the few decades, are a class of
compounds which have desirable properties. Because of the properties, ionic
liquids differ from traditional organic solvents and have been employed in the
fields of separation, catalysis, electrochemistry, functional materials, etc., thus
making it one of the hottest subjects in green chemical research. However,
viscosity is a key property of ionic liquids that is worth researching in order to
expand their application domains. Low viscosity ionic liquids are needed,
while in some instances; for example, high viscosity ionic liquids are also
favored in applications such as stationary phases for gas-liquid
chromatography and when used as lubricants, a certain viscosity range is
generally required. Hence,and a deep understanding of ionic liquids viscosity
is necessary. In this work, with the aid of two softwares, GAUSSIAN and
CODESSA, the relationship between the structure and viscosity of six types of
ionic liquids and structure is understood, the microscopic nature of ionic ligids
viscosity is explained, and a guide for the synthesis and applications of ionic
liquids is provided. Specifically, this work is mainly concentrated on the
following: |

1. Direct understanding based on the viscosity of ionic liquids is
I
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expanded to include the effect of cation, anion and temperature on viscosity.

2. Selection and classification of ionic liquids from database which have
the most viscosity data under 1atm. The selection of ionic liquids is based on
least content of water and latest publication data. To this end, six types of ionic
liquids comprising thirteen groups are obtained.

3. Quantitative structure-property relationship (QSPR) study is performed
for all the selected data sets. The thirteen correlations are obtained with
R%>0.8226. From the result, it is found that the structure of cation-anion and
electrostatic interaction between cation-anion play the most important role on
the viscosity of ionic liquids.

4. Compared with the viscosity of organic solvents, it can be seen that
intermolecular hydrogen-bonding interaction and structural characteristics are
the main factors affecting viscosity; for cation-fixed ionic liquids, the structure
of anion and electrostatic interaction between cation-anion play the most
important role on the viscosity; for anion-fixed ionic liquids, the structure of
cation and electrostatic interaction between cation-anion play the most

important role on the viscosity.

KEY WORDS: ionic liquids, viscosity, QSPR.
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il 0 [emim])[ TENIN#E] 400 CRREENRE MK, TMANFREHREF, XK
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Wik b EEVARA, Bim, 1EhRNA LR, DR T AT LAEREL
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RTTRRIRIR A 2cP. BHEARTERERT RS, BEREKR, HER.
HEESREE RN, ERMEERE. B BLRER, R, £—REAimK
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B8 FEMR THH TRAKER QSPR BIA

H=F EEMAEFREFRENER QSPR MR
3.1 iF

LAMABB CERE, BTREEAZEFERBEIEKEBNRLA B8
ZEFRAHIT AN R BEAROSKE, flw, XEH, RHOIAASER
BB E TR S RIAN RSB AL 5], & BASF. Shell fIH AR =35
& R E 4 A R BBRAHEFRARR AR RS, BrRkasmEREmN
AR 2R, MAERAEATRSBFELERD . BFREES AN
FRNATMERH R, ERFAERTNRE. Fit, E#EFRIRENTRN S
BB RERIER.

AR RE FRA S HAE AL ER - MR, BERFMBALEMN R
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Rl “BFRARAREEER, BRERMNIEJLFRE RETHE, B
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AREFRPHEERMERSRREENTM A ENHR. SHEFRESIENRE, BiE
BEEN B HERTEE, BATBANRENE AR A 6% S NSRRI 5%
W. "Hil, £8F2RHK QSPR Kk, BERBILT —RFXFHWHM TN FE
BESTOT,  Fupk T XX PR % KRB MR R AR,

QSPR IRGECLEM T —ERRNT R, WTF:

). HABTEHIBA, BERERS FEWRAIMLERMSD, XEIEMH
##: Gaussian. Hyperchem #1 Chemoffice;

2). EEXNEWHTHA, RETUMARTER BN FRITERRML, K
FERFUFEAFEN LT ERFEREERAFE;

3). BETFREXM S FHRBFHITHE, W EEEHEMSE, XEEUSH (H
RFATRBEHEHGER), i, HHSENEFLESYS

17




AU T EFAR

4). BEERI, BAEMMABGH AR AEE, BRRERBNSEHS T
EREFFRARELEXNBY, BEMRERHRKOSEHET:

5, BuUERER, AARERIHRSANSHENERXR, FEAAER
EIH . 2% H AR EN T

6). BJE AT, RARXCARIUM QSPR MARATIIERAHM LS
FIE%E,

B, FIF QSPR #t—HHIRE FHEMAKR RS TR EEMM T AetE.

RAEREEE TRAN—MREEES R, BTRENEEEALTIR
Bk TR, TR ey, WMETFRAAESERERN, NHEGEN
$ER, XA EWE TRARENEEE TRANXE. BATRRE
B TR VRS AT RO T SR QSPR MR D, RERIRIR R B AT KRS
HIEREE . Katsumi Tochigi MLHIZLRTE 2007 ER K T Bk XEXRT HAEAR
R 2 T B TR FE IO TSR, A e T FAREERG . MERE . MEE. Ok
RS KRBT, TFSL 8. 8% 16 HPETHREER, TUEHRE.
. FETRISREFRAKENER, BERRN—RXETNETHET
V. SRR T A ML T R TR R S AR AT 490, 2008 4, ROKF
A Riccardo Bini FAIZ 4TS 32 MEFTENT A THATE 293K 1 353K £
CODESSA ¥ BB ERFESHBELTHESE, M8 HRF FNSA3
Fractional PNSA (PNSA-3/TMSA)#! maximum electrophilic reactive index for an N atom
LI RATEAE RB EEMER, RANRANREREENSARE
B RR, BREAOU R —2L 5 TR B A,

AR, B AT TFEFRENS ML RRAALERMXRNRIERS,
B B AT MU B 4 FRIET B A R E AR, ZARETH
AR, DAEXEIFME TR RERD. S FRKEEEER I URER
K. SEMMXELEHETRARKAR, BTRANETHNETRENH
FESERAN, TREEERNEARSTENY, BETRARUBTHNTAS
AT B BT 2R0ER AR S T 4.

FIF QSPR HATHEHAMBSMERET%W. QSPR BABIIBIEAENLE.
SRS, 3 HEs IR LN A RIS, A TR R MR E
W R R R S B4 MBI T QSPR AR AR . ASMABARIE
AFRI AT T QSPR AL R, ZRBTFHREL MR, X— N
BEHATFUE IFTRrE O, YRH 4 H v AL RIE R fE/ QSPR BEFLA B XM
SR ERS, B, A8 SCRA QSPR kR B MUK BE MR R4 -t AR AL,
Ht A TSRS AT, RIEWREORERERERLEN.

DR BTN S HRSBAER BN D RERER . I RHRRAT
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BE E R TR B THARR R QSPR BT

ik .
3.2 IRHR

BEMHANGREERPEM, IUEENENHARMNZHTE. RI5E
KEWER/MNOYIFRRE — B RE BRI B BIK 4 R LT, Mcik b 05k
B BTHAREEHEFEUTRR: © WREHNE, i, FHEFHRME, i
K. MERERK. RMERK. MEREUE. BRE. ReK. BERSE, IS TEE. BK. [CHBFRI
%, [BF&. [TEN] K. [DCAT %%, BRASES —AMNKEITHE FHREME
—BA%E. QR—MEFRAERREE. EALFTUEARMESE. OF—#E
TRAEFBRFRERET, HERETREEENMLE. TUME, B FBEHELE
ZH, BE. BN SKEBLYLWHRERNAD. XB, RETF 1970 £ 2010 FFRiE
MEIE R, BEIEHT AR, BRITEET BN EEMAKRLEFHIEE
ARG, OHEEEFEEN 1-2E-3-FEKM ([Cmim]"). 1-T %-3-FHpKM
([Cqmim] ) B ([Passs CNH,]) I FRR A= (ZHFHE) BRBET AL ([TEN]).
DU ([BF,J) M_% ([DCA]) WIEFHE. S FR—&4THEFRGKE
FEEN KB MIEN, CLALRE . KRR (R RUI T 04 B W IR 74 IR A 7 3 2 1 S R A

AE LR T EEFHE TS THAR QSPR R, XEAHIE X 1-Z8-3-F %
KM ([Comim]"). 1-TH-3-FEBKM ([Cymim]*). B ([Pagy» CNHo]") % 1-II4.
[ A3EH 28 MR, Hrp 25 MERINGE, 3 MEATRE; [TARLE 21 MEE,
Hep 19 MERIGE, 2 MERTIAE; TALE 17 4MEE, Hd 15 MEDIISGE,
2AMERIRSE. K, [, UANFRER, NHAMEE (DEEEEUER), &
50 BRI HOE R 3-1 (BT ANSE SRR 2).

& 3-1 BIERIE -1 FIE1 Bk QSPR W 7T AIK: A 338
Table 3-1 Viscosity Data of cation-based ILs for QSPR (n in 10°Pa-s)®

no. full name of anion logn
1 1 bis(perfluoroethylsulfonyl)imide 1.785
2 2,2 2-trifluoro-n~(trifluoromethylsulfonyl)acetamide 1.397
3 2-methyl-1,1,3,3-tetracyanoallyl 2.103
4 2-cyanomethyl-1,1,3,3-tetracyanoallyl 2.681
5 thiocyanate 1.372
6 ethylsulfate 2.001
7 diethyl phosphate 2.662
8 acetate 2.255
9 trifluoroacetate 1.544
10 heptafluorobutanoate 2.021
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tetrafluoroborate
triftuoromethanesulfonate

n~(trifluoromethylsulfonyl)pentafluoroethylsulfonamide

bis(fluorosulfonyl)imide
tetrachloroaluminate
chloride-gallium chloride
trifluoromethyltrifluoroborate
pentafluoroethyltrifluoroborate
trifluoromethyltrifluoroborate
(nonafluoro-n-butyl)trifluoroborate
ethyltrifluoroborate
propyltrifluoroborate
n-pentyltrifluoroborate
vinyltrifluoroborate
1,2,3,4-tetrazole
bis(methanesulfonyl)amide
glycine
difluoromono[1,2-oxalato(2-)-0,0"Tborate
1,1,3,3-tetracyanoallyl
2-methyl-1,1,3,3-tetracyanoallyl
2-methoxy-1,1,3,3-tetracyanoallyl
2-cyanomethyl-1,1,3,3-tetracyanoallyl
tetrafluoroborate
tris(trifluoromethylsulfonyl)methide
bis(trifluoromethylsulfonyl)imide
trifluoromethanesulfonate
heptafluorobutanoate
acetate
dicyanamide
nitrate
thiocyanate
hexafluorophosphate
hexafluoroarsenic
trifluoroacetate
2-(2-methoxy-ethoxy)-ethylsulfate
3-(trifluoroborate)-butylnitrile
methyltrifluoroborate
pentafluoroethyltrifluoroborate
difluoromono[ 1,2-oxalato(2-)-0,0'Tborate
alanine
L-a-amino-5-guanidinovaleric acid
L-a-aminosuccinamic acid
L-a-aminosuccinic acid

L-a-amino-3-mercaptopropropionic acid

1.568
1.650
1.681
1.255
1.250
1.113
1.414
1.431
1505
1.579
1.857
1.732
1.944
1.612
1.628
2.895
2.686
1.875
2.287
2378
2173
2.653
2.255
2434
1.658
1.920
2.260
2.145
1.459
2.424
1.713
2.393
2.357
1.845
3.014
2.004
1.690
1.612
2.079
2.895
3.155
3.231
3213
3.189
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6 L-a-aminoglutaramic acid 3.218
7 L-1-aminopropane-1,3-dicarboxylic acid 3.152
8 glycine 2.854
9 L-a-amino-4-imidazolepropionic acid 3.039
10 . L-a-amino-3-methylvaleric acid 3.149
11 L-a-amino-y-(methylthio)butyric acid 2.885
12 L-a-aminohydrocinnamic acid 3.298
13 (S)-2-pyrrolidinecarboxylic acid 3.249
14 L-a-amino-3-hydroxypropionic acid 3.128
15 L-a-amino-3-hydroxybutyric acid 3.253
16 L-a-aminoisovaleric acid 2.949
17 L-a-amino-p-hydroxyhydrocinnamic acid 3.11

* HAHERSLE A NREE, AW ANEER; M FR—ZF FHSMEERE, HEMEKY
BN RET AR, RREMMYITIRZRRT.

3.3 BiuEH

XEATHEE B4 TER AR A E T '8, KR Gaussian03,
FERIMKE, KK R RHF/6-31G**. @it it S BRI F 2 w8
3, BAEEEHEMROANFSHENEY R R,

Gaussian03 KM EPYRER DLW ERETELETR T, TN LR “Hik
%7, Gaussian FEFFHERMNATREKRMBIZERE, BHRRFHNHETE
SR T A TURR A, 92,94, 98 F1 03, 1X B Ri¥41 A% Gaussian03Windows
KEHITNE. BESTASTEANRERNSHNTE, ®K3ME, Raman ik, &
Be, TEDTFHIE. KA. ZEREFHEET R X ML,

£ Gaussian03 142, EERAMOK T, X 8EASFHRERIET. X4
KEMBARE S, TUEERACEARESFRXSE @R ERFHT, HEX
A B SRR, .GIF AT R, $REEER R AR scratch
TSR BY B4t A .chk, Gaussian03 HifH X —REERANRXARA, &
¥ RAN %4 A .out.

#i QSPR MATERBI-ANEHETMHRTFFESHRANEERFX
F. BRNEFRBARE LR THRENS FRAR, BIOERABEFT. 4FHR
MR- REBERRE—NEE, —REKAEHSE, CHRET US> T4
HEER. YFEHEERBEENRER, BHXEE S E R LU Rk E
.

JURE B F it AR QSPR AR B FHLETE. AN, MM EF TS,

AHEFHEOIEREN SR TR FENMNZH ST ENERE, BFH
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IR T A0 AR X

2R EET EREBTESEABRNLEWNEHS THIE, TELANSHEH
ARERN, EYBRENAARH, EibtEE., XAFTERIIMEENERERMZ
LSERP™, 2&migzkit QX ARBEFAHESHIALILRLR, MAF
BEHEMT, MABRNEREREEENERRHEN, XUEMREESH, &
AR T E R EEAKRD, BT T HE S A HA QSPR HIXF R HH
ERIE.

AT #2MEERE—SESHT VENRE, ER—FHEZ &N FME/N
—RERAERFAMFE, N TEEEREAERBMBRES. BREFTLHE
MR, BT BB, XA E RN ERR BT ML
W, XE—HEUT L EAREERINEE. BAFEFKIMERN, TEHER ANN
RBEGEN, ERETTHRA#THLENE, MTELBENREE LN, B8
ARELMME LS, BAkhEnTaRENTRXEEKREFERETHKE.

M TFRTERELT A LSER HiERNET h%¥hk, hitFRAHILEME. HihE
FRATRSHAR, NEWESHEES FEMABERRIE, B, EXMTED
FAF| T Winer #5501 & Randic #5505 . M E BT R IMEEAT AR R R A1
B, MREEUMARMEFIRFE AR, MRS XHEURSTEREFRFR. Bl
X MM 01S BRI R O P RS XK, BEE T EM A R E,
B B4 QSPR SUHH B EINA.

AXHMNLIHEB M .out XHERIBAXHHT CODESSA 272
(Comprehensive Descriptors for Structural and Statistical Analysis)K v 5 [ & ¥ (A
7, REBITRRKHEENERE S SN ERXKTR.

CODESSA™IE 2 8 £ IR I iE T QSPR BAR T, EAVHE KM )LF
FEEERYAER, B, B, A, ZRES. EETYHRM 3D LAHE,
e 2 R T AR E R R B AR TIOE, HPESH 500 LF#AR.

BB R RA AR T . Q% MR FF(Constitutional descriptors), & R
EEEYFR AR, BEETH. A8, 2 TRURKESE. AMMAEHHE
B, FERERBATHEHNERATMARKXGR. @ #idFr(Topological
descriptors), BELMBIEAAMM_ AR EBE, CRUNGFEBRRETLANESE
R ALZeE s X EURREN AR EREBR, fRBRTHIERER
K, BRRFN. THERB. @JLAHIETF(Geometrical descriptors), Blf#id7 /)
Wg, TRMHEBRYFRMNR. BHKERTFALFRERKER AT FIXRH
RN EESMNEN. O# BHR LT (Electrostatic descriptors), ZF QSPR FFAF, #ir
GRAEBEENHAERZ— ERBNEBRBEMEN, B MRS5S
kR, EEEE R EHERE S FRIUIHRHITRE. @B FHERE
f%(Quantum-chemical descriptors), £ QSPR BFFUH# B —RHRT, HMAAT
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A5R%, REEHRRBT A FHASRENEXGER, FEHRNYER L. @K
J1 2438 77 (Thermodynamic descriptors), ‘& fIM AR+ E R B2 B .

TP HRRFSREXEE M QSPR 8. K, BT MERMER M ik
TS TEENININSEE: HEXEM(R). Fisher EEWSH(F). TXRIFAHLES
(Roo) FRHEREGE) AR t BB AE (r-test)o

CODESSA % EIAMrFEFESR: B KA (Heuristic Method). F{E% Tk
£ [5) JH (Best Multilinear Regression, BMLR)F! % /3 [F1 3 ( Principal Component
regression). BtEL TTHIAF LR AT HM CODESSA #f4H 3L QSPR/QSAR ##!
f—FE WERIE R &, BRARICRAME L FAEE %,

FF CODESSA #4455t % T BlRVE R FITHE RS B R

D) HEBCEHEEMETKROERFCH ih j» P R<Rim

2) BEXBROHBANERHEFFRFHANER, BEMETHS 0 thEHE,
Heng=2, EBEHAEBRRXAXRYN Ne M EATH— B BRESHT

3). BEEHEREGHRT r BMBA L—SHBHTES, Hb Ru<R,
R<R, B3 o+l SEER, MBMERNF EBD, o SERLHEEE, W
R o+l BEH FHEXKTRERSEENS n=nt+1, BEFHXEETH,;

4). BT 3) PHRRMIERENHERF, % otl SEBRERSERK F Eilt
ITEHR

5). Bt R A RAE B F N RV RRBLRL R,

B R, ¥TEARERIZANM RS THRES nEHEER, MHERE
EIEMARRRFR BB - BRI QSPR AWM E S, BAO— N RENEBFHIBLS
BULTEXRERH 1, RN HEESAE T BINHAR I H IR LU e R LHIR R
ALK “break point” HI—AME R BRARIEHIEEY 5K, REERMH5H
. B SERY PR B HENE T BB REI T RIEE, B
B SEA G S B _ L B EAN 8 (break point), MY EHEBETRLEHSHE
RER L2 (AR<0.02-0.05, —#HX 0.02) P, [k, 3R F break point &
MBI B A R R AR,

23 Fi“break point” ¥ 77 3% tH B AR,

S F A2 =41 [ 2 B S F B TR R & AR QSPR BA!IMSH (WA 3-1.
3-2. 3-3) fHAlA 5. 4 M4,
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0.6-

0.51

T v T 1) 1 T
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B 31 YIZA | M RBUGHIRR A BZ AR R

Fig.3-1 R versus descriptor number for set |

1 0 O/O’O,o—-o

0.9/ /
< 084 ¢
07 /
061 °
0.5

T L) v 1 v ¥ v T

2 4 6 8 10
Number of Parameter

B 32 YIZA AR SRR ML ERXR

Fig.3-2 R’ versus descriptor number for set II ‘
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BF WENE THH THIEHE S QSPR HIR

1.01 _o—0—0—0—0
0.9' /o/
~ 0.8
M0.7- ©
0.6
0.51

2 4 6 8 10
Number of Parameter

33 LA IR R L RN B Z FEK R

Fig.3-3 R’ versus descriptor number for set 111
3.4 ER5itiE

BRI, =K QSPR BAIM B, FH IR 3-2~K 34,
BRI URRA: Ign/10°Pa-s =X, M + X, My + X, M.+ X (B-1D

GoHR 32~F 34, -1 P, M RRZHBRDPZ BNHATEE, 81,
I; Bl X, REBMERAREREG X RVEFE, BIR 32~K 34
Intercept Xt R X {2 R A B0

BRI 5RIE R QSPR XBIMLRZ —, B IR FHERE, XLl
TRMtBEARBEHEAUFNER. MENFHFEATF, —EEREROTNRE, BE
HANEHKRESS; ZEFRRANMMGEEE, REtBFUERRERS.

HERITIR 28 B TR R AN B K-8 R B B, E_RET
HROEAER, BETURETEROTRRE, oTUUNHTEUEEFLERE.
K- R REE REBEIR K B2, X K BoHEEERKBMEN, BFN
FiNMES (RPE), BETHBS NEE #ITUEHEBER, R)EHEEER
I i B2, KRBEAN i B E TG, ERPRERET @ THERE K
WAMTMEEE. BEARHE-TXRRFAZENZ K BN FHEHFRL.

A 3CKF CODESSA % EH#EA I Rev ERRIEHRIMIR M, HINERA
T A ERIRAE R P BR BT SR 5 SRR TR ZE AT AR e v . SNSRI AR P A B
S FRERIN % R e R AN, BRMSLTREN AR ESIER . %5 KT
IR EZ AR EE ).
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Jb ST KEB A0

R A S R LR 3-4 & 3-6, AJLLE HER FIIZGEMABRIEZR
BiF. BREHNRE (F3-1 PRMARH BB FRE) FAERTEERE#TI
T, 2 B 3.2, BEB KN 14.15%, HREBREEL /DT 10%, HIMAE 32~
% 3-4 % R, SSEBATAT LA AR R TR R

% 32 M ENEFHEFRENRERTT R ESERE
Table 3-2 Calculated Log 77 Versus Experimental Log 77 for cation-fixed ILs in Testing Data

eq. data  ILno.in each data set exp. cal. absolute relative deviation ( %)
set (refer to Table 4-1) deviation
eql 1 7 2.662 22243 04377 0.12
11 1.568 1.7198  0.1518 9.68
19 1.505 1.6248  0.1198 7.96
eq2 4 2.653 227717 03753 14.15
12 2424 22895  -0.1345 5.55
eq3 I 4 3.213 3.4435  0.2305 7.17
9 3.039 32166  0.1776 5.84

3.4.1 TAA([Cmin]")
%t F B R BT 4 [Comim] XA R Tk, BIERNER 3-3.

% 33 A1 9% T[Comim] B TR AR BRI AR

Table 3-3 Correlation Equations of Viscosity for [C,mim]’-Based ILs of Set 1

eq. no X® AX' t-test  symbol descriptor
Eq.1 0 22189e+00 5.4457e-01 4.0746 - Intercept
R’=0.8969 1 -1.1569e+00 1.6897e-01 -6.8466 I, RPCG Relative positive charge
R’v=0.8307 (QMPOS/QTPLUS)
F=33.07, {Quantum-ChemicalPC]
§°=0.0275 2 1.0578¢+00  1.2942e-01  8.1729 I, FHBCA Fractional HBSA
(HBSA/TMSA)
[Quantum-Chemical PC]
3 24252¢+01 6.5578¢+00 3.6982 I, FPSA-3 Fractional PPSA
(PPSA-3/TMSA)
[Zefirov's PC]

4 -2.4406e+00 7.6905¢-01 -3.1736 I, YZ Shadow / YZ Rectangle
5 23932e+00 9.1945¢-01 2.6029 Is XY Shadow / XY Rectangle

SHIRTMRY: "REHRE

B BRI RR A

lg n/10°Pa * s=-1.1569 1 1+1.0578 1 2+24.252 I 3-2.4406 [4+23932 T

5+2.2189
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[ 1-RPCG Relative positive charge (QMPOS/QTPLUS)

I 2-FHBCA Fractional HBSA (HBSA/TMSA)

I 3-FPSA-3 Fractional PPSA (PPSA-3/TMSA)

I 4-YZ Shadow / YZ Rectangle

[ 5-XY Shadow / XY Rectangle

MR, 1,81, ARFERRR, [ 001 BILAMRR, 1, REEH
R ENREERKI ttest BXFEMAMEFUOT: I[>Ip1> 115

FEXAMERI, EWEERANZ [, FHBCA Fractional HBSA (HBSA/TMSA),
CROBMARXRAMRRUS THEARBEN, 1, SEREEMAX, RUTE
SRR 9 L,

I ;, RPCG Relative positive charge (QMPOS/QTPLUS), # & X X
RPCG=3,,1Y.6,, Ae{8,>0} P bppe M 64 HHRBKHERFHFAMERTF
M, R THBEFPERFM, FERANETFPERHSAREES
SHHEMIK. 1,5, FPSA-3 Fractional PPSA (PPSA-3/TMSA), # & X %
FPSA3= PPSA3/TMSA » . PPSA-3 2 BHANE TS IERA REER; TMSA
REMATREEECY, U LHMGRTSERE T A THEAER FA#—FR
AR T EFRERMEEFRMFAMLER, XE-SEFTONTE FRIER
KBTI g R,

I 4» YZ Shadow / YZ Rectangle, S8 T YZ “FEIH 2 FHRZER &SI FE
RHSE. 1 E5REFRT. BRIOSFEEEREE Y A Z BEZRMGNEEX
B9, FIRE R JLAHGRFTE 13, XY Shadow / XY Rectangle, WFEMTHETR . 4
M. FERXTREE W

W, WS FRIBEEANEEEEREENEW. 75, SBIERNREF
ST HER —EEW.
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Fig.3-4 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training data
of Set |

3.4.2 N14A(/Csmim]")

T B 2 BT A [Comim] WX AR K, BMRENE 34,

% 34 411 K% T[Cimim] " B T A KR BEREXIGTY

Table 3-4 Correlation Equations of Viscosity for [Csmim]"-Based ILs of Set II

eq. no X® AX" t-test _ symbol descriptor
Eq. 0 27217e+00 1.0824e-01 25.1442 - Intercept
R’=0.8553 1 -1.3062¢+00 1.9389%-01 -6.7367 II, Average Structural Information
R cy=0.7797 content (order 1)
F=20.69, 2 -2.5876e-01 4.1846e-02 -6.1837 II, Tot hybridization comp. of the
§’=0.0178 molecular dipole

3 1.6944e-01 3.5472¢-02 4.7767 I, Number of aromatic bonds
4 -87888e-01 3.9741e-01 -2.2115 4 Principal moment of inertia B

SHRFRE: " REMRE

BRI RR A

Ig n/103Pa » s=-1.3062 111-0.25876 112+0.16944 113-0.87888 114+2.7217
Il 1-Average Structural Information content (order 1)

11 2-Tot hybridization comp. of the molecular dipole

11 3-Number of aromatic bonds

11 4-Principal moment of inertia B
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B=F FENSE TO8 THAKER QSPR B

SRR, I BAAHEETE, 1, REFUERAER, [; REEHEART, 1,2
RAFRET, EMNPEEREFOT: D>1>1> 1.

TEIXMERI, WG B K2 11, Average Structural Information content (order
1), ERETFHTFHHFARLEHY,

113, Number of aromatic bonds, X/MHIRFFHIRECAIE, RUHETH S FRE
HEL5IEME® K, 11, Tot hybridization comp. of the molecular dipole, B T Bl
B R 2 FARYE B B0 R 5

114, Principal moment of inertia B, B FEMH ) E B. INMERFTESTHE
FHRBXHEAZWE, HAREOTLHEN, BEE RS FRRRT M SRR,

A, AETEMMEEAEREENEW. At GEELERONNES —¢
-2

3.0

2.5
T
]
© 2.0 o
E © °
Lo 1 o
S1.5{ ©

0

4.0 15 2.0 2.5 3.0
Experimental

35 VA It B L SR

Fig.3-5 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training data

of Set II
3.4.3 M4E([Psys CNH,)

St F B B E F H[Passr CNH HIXAE FHE, BALEE K 3-5.

# 3-5 AlME FPusr CNH,] B FHAEHIKEEE KR

Table 3-5 Correlation Equations of Viscosity for P44, C3NH,)*-Based ILs of Set III

eq. no Xt AX" t-test  symbol descriptor
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Eq3 0  3.6346e-01 2.2271e-01  1.6320 - Intercept
I§2=0.9527 1 6.1931e+00 5.9420e-01 104226 TIJ, Relative number of rings
Rv=08857 2 -6.1713¢-01 49111e-02 -12.5662 I, HOMO energy
F=5032, 3 7.1269¢+01 93908¢+00 -7.5893 Il  Max l-electron react. index for
5=0.0014 a C atom

4 -6.1443¢-03 15824e-03 -38829 IIL, HA dependent HDCA-1

[Quantum-Chemical PC]

SHIRM RS " REMRE

BRI G RAA:

Ig 1/10>Pa * s=6.193137 1111-0.61713 1112-71.269 113-0.0061 I114+0.36346

[111-Relative number of rings

[112-HOMO energy

[113-Max 1-electron react. index for a C atom

[114-HA dependent HDCA-1

iR, 11, EHEMRE, EAN=A (L. O, I,) HERTEFHEME
REF. EIWEEHEFDT. T>MS>10,.

EXAMER P B EEMHRA R, HOMO energy BB & SH S THIE, KAl
MG TS B — ok 2 R R R PR A FHUERBIZEEMMEA, BRFERR T B
EBHHEE AN, [, Max l-electron react. index for a C atom, & X A7E LUMO
B FHE IR Ty A0S, 1L AL, £ R e T BB & F R AER X R,

[M;» HA dependent HDCA-1, B XN HDCA-1=Y 55+ DeHy 4, » FF 50
RAgitk § BFoEmmEsgmEat. 1, R T BB TR A A A
Frjli03-104]

[ll;, Relative number of rings, #E X AAHKERLNSFHETHME. I R
WRSE R — AN BERRT, EEATHRTREARRR, X THREAEALE
WHOBET, I, BEsh, BEFHRTEAN, FREERHAL MEEEE N
2R

ah, BREFRSAERANEEEEREENEH. B4 HETEHMAR
WX E FRAKEE —E W,
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3-6 VIGANIATH AL EREM R
Fig.3-6 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training data
of Set 1II.

3.5 5RIMHEMRERAILE

MU EERE RE D, TURY: ARETREHRERNEETR 1-2%
S-FERMYEFREEFTERRENEN; HRATEUNHEEFY 1-TE-3-H
ERMNE TREHERERRHKEW; BHE TR ERANEETFABNETF
BAEHEAEERRLKEW.

B, T EED FREAIASWHILE QSPR IR M S REBATEME 3 +.
MR 3 AT, MFHIVLEY, ZRMEREENRRRARMEERMLE MY
B, R, Rt RREERSIED.

Bk, FEX S FRAEHAT R BMA SR, T B B S F A 26 R
R ES R MR T R E RN AR TSR ER. TE) TR
AP T R RA R b, MEEMESBERAILERNEIS 74t
BRI '

3.6 g
1. BET=ZREEREFHEFEAEER, 1-ZE-3-FEKME ([Cmim]).

1-T3-3- kM ([Cimim]") FBEL: ([Passr CNHo]D.
2. FIF QSPR F1 “break point” HVEF E FRAKERITER, BI=ABMH
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SRR (HEZRHRE > 0.8553). SREW, HAWTRFERSMNX=KEFHRAT
R AP TR GE S o

3. MR SYIFRER, *TF[Comim] 5 Filik, BFAEEF (a5 B /R
WEEEREENEW. A5 SRERNREFEUBTHER —EPM.

4, SHERAHHRRN, W F[Cmim] KB FRIE, RETEUNHEEE
BEENYW. B, REEERABEET—EYM.

5. SHENYEERALEAR, *THETEEHEFRENZEMNEEEH
BF 25 1) &4 P A P AR B F I S R X R T W 1
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EFnE BEREFHOEFRISHEN QSPR %R

4.1 915

[TENT BB F R R AL A H R A AR E B E TR AERS. 5
o, [TENTHETE S-N-S BABRAMRAMEYE, FEERMHE (EXARR),
ETFTENTHETHARE THREN TIRABE FRAREREE TS, ERE SIS
R BIIEHRE . REE/RMERER, BlbERE. FRHIEERNEKTRES.
ANRHETRARNE TBEORERRERARA. i~ EWRNELN=4H
EFE TR FRARELT QSPR MEEAFH#IT T 4. ARIENTEEHETF ‘
REME T RARE LI,

UTEERFANE. AL ERNERINOKGURERER, FRAITRET

4.2 ARMR

XESHEXNZ (ZHFE) BB (TONDD. NEAH (BRI, —® ik
([DCAT) AN-VIH. EREENEES, EFTONITHEFHETFRARMES
FHRABLRFLERBELH—EK. BROFARBITEENZI KT FRIATHE TAEK
e, MERE. MERE. B RG. R, B EEME. BIROORNE, W 4-1. GEISIMFE A BT
) BELRBENEIEEIITIRE S, (BE UMK 6) RITER ETARIFEAE
BEIES A \4, BIA A283K, 21 NMUE), 4 B(293 K, 51 /4MR), 4 C (298K,
106 1M413E), 4 D303 K, 57 MEdE), 4 EQGI13 K, 27 41 8dE), AFG23 K, 294
¥iE), 4 G(333K, 31 1ME), A HG43 K, 2 MR). aBARmEE—Z5 5
B BPIERPRE, HMAMERNEE. LTHMNETFTENTHE FIIVARE T
HATHFAEI T,

'hexyl
lyxeh—N Re
NH, R,—s
R, ’Rz M&h—N

o () w™, oot me()
[ j R Ry et T O
aaa +
Rs Ry Ri Ry ’-" NS

SN -..

. 0
g R Sl ey
ROY Ry’ i i el S

Ry - F o o F - . R
bis(trifluoromethylsulfonyl)imide, [ TEN |
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4-1 ET[TEONT KBk
Fig.4-1 The [Tf;N] -based ionic liquids

VAVIA R SR EETORIE, VAE 27 408, 3 25 MEBNESR, 2
MeRMRE, VIAHE 24 MR, B 22 MERIIZGE, 2 MEARE. 25
V?ﬁﬂﬂéﬂ"%’%ﬁ*ﬁﬁ‘]ﬁﬁ%% 41, CHIEFAIS % TR MR 8

% 4-1 VEURVIZE Tk QSPR B A MRS B 20
Table 4-1 Viscosity Data of set V and set VI of ILs for QSPR (1 in 10°Pa-s)’

no. full name of anion logn
\Y 1 1-butyl-3-methylimidazolium 1.568
2 1,3-dimethylimidazolium 2.000
3 1-butyl-3-methylimidazolium 2.255
4 1-propyl-3-methylimidazolium 2.012
5 1-hexyl-3-methylimidazolium 2.342
6 1-octyl-3-methylimidazolium 2.347
7 1-butyl-2,3-dimethylimidazolium 2.385
8 1-(hydroxyethyl)-3-methylimidazoilum 1.850
9 1-isobutenyl-3-methylimidazolium 2.073
10 1-ethylnitrile-3-methylimidazolium 1.816
11 1-propylnitrile-3-methylimidazolium 2.361
12 1-butylnitrile-3-methylimidazolium 2.742
13 1,3-di(propyloxymethyl)imidazolium 2.219
14 1,3-di(butyloxymethyl)imidazolium 2.496
15 1-butylpyridinium 2.161
16 i-octylpyridinium 2.368
17 1-butyl-2-methylpyridinium 2.590
18 1-butyl-4-methylpyridinium 2.221
19 1-octyl-3-methylpyridinium 2.302
20 1-(methoxymethyl)-1-methylpyrrolidinium 2.703
2 1-(methoxyethyl)-1-methylpyrrolidinium 2.000
22 N N-dimethyl-N-(2-methoxyethyl)-N-ethyl ammonium 2.328
23 N, N-diethyl-N-methyl-N-(2-methoxyethy!) ammonium 3.079
24 N,N-dimethyl-N-(2-methoxyethyl)-N-ethyl ammonium 2.525
25 caprolactam 2.701
26 pyrrolidonium ‘ 2.544
27 N-methoxyethyl-N-methyloxazolidinium 2.847
VI 1 1-butyl-3-methylimidazolium 1.267
2 1-hexyl-3-methylimidazolium 1.459
3 1-octyl-3-methylimidazolium 1.675
4 1-decyl-3-methylimidazolium 1.531
5 1-butyl-2,3-dimethylimidazolium 1.880
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6 1-benzyl-3-methylimidazolium 1.827
7 1,3-dibenzylimidazolium 1.602
8 1-butyl-3-methylpyridinium 2.305
9 1-ethyl-1-methylpyrrolidinium 1.559
10 1-propyl-1-methylpyrrolidinium 1.439
11 1-butyl-1-methylpyrrolidinium 1.653
12 1-hexyl-1-methylpyrrolidinium 1.562
13 trimethylsulfonium 1.653
14 triethylsulfonium 1.434
15 triethylsulfonium - 1.320
16 methyldipropylsulfonium 1.469
17 ethyldimethylsulfonium 1.403
18 methyldiethylsulfonium 1.359
19 ethyldibutylsulfonium 1.713
20 methyldibutylsulfonium 1.778
21 ethyldipropylsulfonium 1.468
22 N,N,N-trioctyl-N-methylammonium 2471
23 1-ethyl-2-methylpyrazolium 1.390
24 [bis(dihexyl)]dimethylguanidinium 2.426

! MR AN REEE, AAMWENASR: TR SARRMRELE S
AREMBIE, HEEEFRNEKE AR, K& AT REF.

4.3 BiuER

AEERAMES FRANEE FHTEFHE, EWiENEn, %4xA
Gaussian03, FEAMKITE, HHEKFEA RHF/6-31G** . @il kit G B R MmH
WELEMHEBE, RIMEAEHERMBNZSERTY R F R,

MK B BRI RBRATUL S out MR NBE XM, BEBMHES
NI T CODESSA 2.7.2 Kt B FIIHRTRE T— 2D BLR HR 7T 5 4G B Xk
FRk QSPR R, K, ATHEBRRENINHEATTHITEER I TNNSESE: H
XZH(R). Fisher EEHSH(F). XXRIFHEXRRR.). WERES)E ¢ BR
{B(t-test). T2 FIA CODESSA KmiE® u&ERH (BMLR) VR, Fg]
XELZHAN, N TFEARERINENMNTRASEIER, KUK “break point” ]
FIENPEH—AMEH B,

4.3.1 V4 (ITEN]D)

VAP ET[TEN S TRAEAREE T ROEEFT MR LHNAMER . BR
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QSPR HEH B H (I 4-2 #) setA & setH) 2514 3+ 6. 7 4. 4. 5. 35,

1.0 000000 1.0 o
09| 09 o
. 08 . 08
0.7 0.7
0.6 0.6
0.5 0.5
2 4 6 8 10 2 4 6 8 10
Number of Parameter Number of Parameter
SetA SetB
1.0 1.0 fﬂwo_o-o
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_o°
« 0.8 . 0.8
0.7 0.7
0.64 0.6
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. 08 o 087 4
[ [4
0.7 0.7
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. 08 . 08
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0.6 0.6
0.5 0.51
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Number of Parameter
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Number of Parameter

SetH

42 WZA setA F setH FHXMERBLBRFAN B2 MEIXR
Fig 4-2 R versus descriptor number for set A to set H

4.3.2 V4 ([BF,") FVIA ([DCA])

$F VA RVIAE EHETHE TREHERRE QSPR KEMSH (WH 4-3
M 4-4) 750 5 H 4
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Fig 4-3 R’ versus descriptor number for set V

10 b /O’O__O_o—o—o—o
0.9{ o°
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0.71
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0.51

llllllll
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Number of Parameter

Bl 44 YGAVIRHRH RS HRFAHZMAXR

Fig 44 R’ versus descriptor number for set VI

4.4 R 5118

BEUERTHE, +N8&E QSPR MEIS B R, #iE Lk 4-3~%K 4-5,

BRNREFRAMZXCEL—FVER MR ONBRILEERE 4-5 F 4-14,
ALVE BRI FINAENABRIEZRRET. BREMIRE (WESAK 41+
RRHEES B PR BRI TIMERE, £RAK 42, BREREKX
K 17.86%, Boh, MFE 4-3~F 459 RE SSERATTLUAABERRTER.
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Table 4-2 Calculated Log 77 Versus Experimental Log 77 for anion-fixed ILs in Testing Data

eq. data  ILno. in each data set exp. cal. absolute relative deviation ( %)
set (refer to schedule 2) deviation
eqd IV 3 2178 2081 0.097 444
A 13 3262 3256 0.006 0.18
16 2107 1850 0257 1220
20 3168 3288  0.120 3.80
«5 B 2 1556 1535  0.021 1.32
1568 1642 0074 471
1544 1646  0.102 6.61
10 2549 2860 0311 1221
12 2058 2550  0.408 13.78
15 1481 1543 0062 4.19
19 1531 1538 0.007 0.46
33 2880 2557 0332 1.5
«q6 C 7 1954 1847  0.107 5.48
20 1903 1708  0.195 10.23
21 2785 2628  0.158 5.66
2 2656 2715 0.0586 221
27 2017 1868  0.149 7.37
28 2380 2223 0.166 6.93
31 2049 2157 0.108 526
32 1785  18%0  0.105 5.87
34 1755 1871 0.116 6.62
41 2068 1947  0.121 584
42 2260 1986 0274 12,11
50 1851 1798 0053 285
52 2064 2019  0.046 22
53 2184 2137 0048 217
57 1929 1927 0002 0.1
58 2598 2453 0.145 5.60
64 2782 2457 0326 1.7
61 2041 2034 0.007 0.36
70 2633 2474 0.159 6.03
75 2324 2439 0.115 4.96
84 2068 1985  0.083 3.99
87 2416 2406 0010 0.41
9% 2110 2252 0.142 673
9% 2176 1963 0213 9.80
«¢7 D 1 2136 1863 0273 1279
5 1812 195 0.4 7.94
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6 1929 2058  0.129 6.67
2 2026 3045  0.119 4.06
23 1590 1624 0034 213
28 1806 1927  0.121 6.72
29 1826 2067 0241 13.20
32 193 2061 0127 6.59
34 219 2198 0.008 0.36
36 1672 1820  0.148 8.83
43 1775 1697 0078 441
44 255 26719  0.123 4.80
47 2000 2067  0.066 332
50 1929 1972 0.043 222
53 2087 3332 0345 11.54
«q8 E 1 1279 1429  0.150 11.76
1862 1846 0016 0.84
8 188 1806  0.080 426
27 243 260 0.166 681
«9 F 1 1176 1288  0.112 9.53
3 1420 1342 0078 551
2 2084 2074 0010 0.50
2 226 2373 0113 4.98
%10 G 1 1979 1809  0.170 8.61
3005 2941 0154 497
8 1079 1079 0 0
eqll H 1 095 1080  0.126 13.25
3 LI64  LIS4 0010 0.88
10 1204 1208 0.004 0.29
15 1681 1508  0.73 10.30
eql2 V 1 15680 18481  0.2801 17.86
23 3079 27305 -0.3485 11.32
eql3 VI i 12670 13378  0.0708 5.59
15 13200 13743  0.0543 411

4.4.1 V4 ([TEN]D)

VA R B E B EFATONT #I—RE T, RP=df\ AR iiEr LE 43,

& 43 AIVHETTON B BRI KRR
Table 4-3 Correlation Equations of Viscosity for [Tf;N]"-Based ILs of Set v

eq. 1o Xt AX" t-test _symbol descriptor
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Eq.4 (set A)
R’=0.9500
R%v=0.9233
F=88.75,
§=0.0054

Eq.5 (set B)
R’=0.9107
R’ =0.8604
F=52.69
=0.0071

Eq.6 (set C)
R*=0.8226
R =0.7236
F=41.73
5°=0.033

Eq.7 (set D)
R=09531
R,CV=09384
F=167.61
57=0.0108

Eq.8 (set E)
R’=0.9565
Ro=09111
F=99.05
=0.0036

N = O W

[ 3]

w

—

o

-5.1839E-01
1.7342E-01

-1.1917E+00

4.2719E+00
2.9862E+00
1.5247E-01
-8.8468E-01
-3.8174E+00

1.8649E-01
-8.2441E+00

2.4832E+00
8.5310E-01
4.4177E-02
3.5232E+00

1.7705E-01
2.1465E-01
-1.0567E+01

5.4452E-01
-1.0351E-01

1.3154E+00
-4.3527E+00
-2.1119E+01

1.6543E-01
2.5896E-01
-5.1839E-01
-1.0732E-03
1.4378E-02

-1.1506E+00
-8.2681E+02

2.3479E-01
1.7552E-02

1.0374E-01

6.2588E-01
3.1312E-01
1.4617E-02
1.0540E-01
4.4024E-01

2.6438E-02
1.4925E+00

6.0996E-01

1.4560E-01

4,8356E-03

3.4054E-01

2.2647E-02
24176E-02
1.7731E+00

1.1475E-01
2.7311E-02

9.8250E-02
5.1608E-01
3.1846E+00

1.8690E-02

1.2180E+00

2.3479E-01

1.0033E-04

1.3991E-03

2.2454E-01
2.4749E+02

-2.21
9.88

-11.49

6.83
9.54
10.43
-8.39
-8.67

7.05
-5.52

4.07

5.86

9.14

10.35

7.82
8.88
-5.96

4.75
-3.79

13.39
-8.43
-6.63

8.85

-3.34

-2.21

-10.70

10.28

5.12
-3.34

D,

D,

D,

Dy
D;s

Dy

Intercept
FPSA-2 Fractional PPSA
(PPSA-2/TMSA)
[Quantum-Chemical PC]*
FNSA-2 Fractional PNSA
(PNSA-2/TMSA)
[Quantum-Chemical PC]*
Relative number of C atoms"

Intercept
Number of C atoms®

FNSA-2 Fractional PNSA
(PNSA-2/TMSA)
[Quantum-Chemical PC]*

FPSA-2 Fractional PPSA
(PPSA-2/TMSA) [Zefirov's PC]°

LUMO energy*®

Min net atomic charge for a H
atom *

RPCG Relative positive charge
(QMPOS/QTPLUS) [Zefirov's
PCJ’

Intercept
Bonding information content
(order 2)

FNSA-1 Fractional PNSA
(PNSA-1/TMSA) [Zefirov's PC]°®
LUMO+1 energy®
HACA-1 [Zefirov's PC]°

Max partial charge for an H atom
[Zefirov's PC]°

Number of benzene rings b
RPCS Relative positive charged
SA (SAMPOS*RPCG)
[Quantum-Chemical PCJ*
Intercept
Min partial charge (Qmin)°
HA dependent HDCA-1/TMSA
[Quantum-Chemical PC]*
Topographic electronic index (all
pairs) [Zefirov's PCJ°

FHDSA Fractional HDSA
(HDSA/TMSA)
[Quantum-Chemical PC]*

Intercept

PNSA-2 Total charge weighted
PNSA[Quantum-Chemical PC]"

count of H-donors sites
[Quantum-Chemical PC}*

Min net atomic charge®

Min nucleoph. react. index for a
C atom*
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Eq.9 (set F)
R’=0.9488
R’/=0.9003
F=66.74
5°=0.004

Eq.10 (set G)
R’=0.9648
R c=0.9487
F=201.26
5=0.012

Eq.11 (set H)
R’=0.9553
R c=0.8797
F=51.28
5=0.0012

0

—

LN

8.5822E+02
-9.4163E+00
-1.5709E-03

-4.2838E+02

-2.6922E-02
-1.2540E+03

-1.9945E-01
3.3512E-01
-1.2213E-03

-1.8898E+00

-1.3053E-01
-8.2622E+02

-1.5909E+00
9.3821E-03
4.8156E-03

-6.9977E-01

1.6361E+02
9.2487E-01
1.3681E-04

8.1826E+01

5.1640E-03
3.0482E+02

3.4228E-01
1.9992E-02
1.0800E-04

4.7460E-01

1.7946E-01
1.5357E+02

2.3499E-01
1.3576E-03
1.1297E-03

2.0629E-01

5.25
10.18
-11.48

-5.24

-5.21
4.1

-0.58
16.76
-11.31

-3.98

-0.73
-5.38

-6.77
6.91
4.26

-3.39

Intercept
Relative number of rings®

PNSA-2 Total charge weighted
PNSA[Quantum-Chemical PC]*

Max atomic orbital electronic
population®
Tot dipole of the molecule®

Min nucleoph. react. index for a
C atom *

Intercept
Kier&Hall index (order 3)*

DPSA-1 Difference in CPSAs
(PPSA1-PNSAL) [Zefirov's PC] ¢

Min net atomic charge®

Intercept
Min nucleoph. react. index for a
C atom®
Min net atomic charge®
YZ Shadow’
WNSA-1 Weighted PNSA

(PNSA1*TMSA/1000)
[Quantum-Chemical PCJ*

Relative number of aromatic
bonds ®

SHIAKMARY: " REMWE

4.4.1.1 SetA(283K)

Set A BEIMLERWE 4-3 FHUR, BHRE 4 WNAEE T ETRERA:

Ig 1/10°Pa-s=0.17342 D;-1.1917 D-4.2719 D3-0.51839

D,-FPSA-2 Fractional PPSA (PPSA-2/TMSA)

D,-FNSA-2 Fractional PNSA (PNSA-2/TMSA)

D;-Relative number of C atoms

K, D, D, RETHEBIBK, D BRAUEART . HIE t-test FIENELI KA

BATET B BB R MER P EERM: D>Di>Dse

D, f1 D, #RTHETHtEF. Dy, FNSA-2 Fractional PNSA (PNSA-2/TMSA), #
5 N FNSA-2=PNSA-2/TMSA, 39 PNSA-2 REA AN E FHES RS TER
HEER; TMSA RBAMFEREREEY, DR THET LART i, THE5R
BEFHHRAR, ENTHS SH-ZAENEE 5B Fr 4 BRI,
EWHE 5 Fim, [(CHsCOO)Capyl[THENIFI[S1,CH,COOCHS)[THNIE —/MEH, ©
MBS ELEMEUMER (2 HIFmttwe AL ) D, FPS4-2, #EXH
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FPSA-2=PPSA-2/TMSA, E.%F PPS4-2 R¥A W AE T K #04) IE fL 7 R i A
0798 b sk 5 TRATESREER LRGSR, Ea5THETRENER,
T A F AR,

Dy BB ETHHEMA S, FMEHE 5 i, FERKEEN[C,Cimim][THN]
B TS RER, ENREEDTH#S: [Cmm]TEHN] <
[Cmim][TE:N] < [Cemim][TE:N] < [CeCimim][TE:N] < [CoCimim][TEN]. XA BERE 4 B
3 1 P 55 ) (Y A A4 R 0 (O B RS BE 1 A0

Calculated

1.6

16 20 2.4 2.8
Experimental

45 YIHAN A4 Mt HELERENLER
Fig.4-5 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training data
of Set A in the Set [V

4.4.1.2 Set B (293K)

HES P URRA:

1g 1/10°Pa-s=0.15247 D,-0.88468D,-3.8174 D3+0.18649 D4-8.2441 Ds+2.4832 Dg+
2.9862

D,- Number of C atoms

D,- FNSA-2 Fractional PNSA (PNSA-2/TMSA)

D;- FPSA-2 Fractional PPSA (PPSA-2/TMSA)

D4- LUMO energy

Ds- Min net atomic charge for a H atom

D¢- RPCG Relative positive charge (QMPOS/QTPLUS)

EEGEAMERT, BEEMSMERITR Dy DsH D EAULFHFITHE 4
i) Dy, Dy H1 Dy —H%, 3 B D 7E4E 81 5T — L[ TENT I QSPR KIEkeH th A I,
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Hi=AMERFEENEHT h: D>De>Dyo Dy and Dy REFHEHRFF, Dy ZHH

D7, LUMO energy, #5%€ XK £, = Bgfwmgmmg y KB, 0 RBEKREE S
FHIE, FR Fock BEATY, D, R T HEFHHEENN SR FORT -
ZHEAEM, X5 DM D, K& XA, D& H E TR/ MERE. Dy RIET
BFI R 25 7 ) L S A 4 rRLAR T AR 02164,

Dy, RPCG Relative positive charge (QMPOS/QTPLUS) , # & X %
RPCG=0,,1Y.6,, Ac{6,>0}, K Gpa M 6,5 HIRFHEF B KK EF IF AT
RIETFERMEY, Dy R T S FHFEAMNM, FEXAFLHRBERTLS
BESPEE. EWHRE S Fin, #ERBIERANEEEMBEEZE Mk, i
W RO RE e At S R R

N
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Fig.4-6 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training
data of Set B in the Set IV

4.4.1.3 Set C (298K)

FHE 6 Pl URTA:

1g 1/10°°Pa-s=0.04418 Dy¢+3.5232 Dy +0.17705 Dy3+0.21465 Dy3-10.567 Do+
0.54452 D5-0.10351 D}6+8.5310

D;¢- Bonding information content (order 2)

Dj;- FNSA-1 Fractional PNSA (PNSA-1/TMSA)

Djz- LUMO+1 energy
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Di5- HACA-1

D14~ Max partial charge for an H atom

D;s- Number of benzene rings

D,s- RPCS Relative positive charged SA (SAMPOS*RPCG)

XA TAMERE, WA R SRTF (D11, Diss Dias Dig) —MATMEIRFF (Do),
— A BFUERREF (D), —MIBRERFF (Dis), EEMMFIT: Dy >Dyp>
Dy3 > D2 > D14>Dis> Dieo

BEEMHAM Dn,» FNSA-1 Fractional PNSA (PNSA-1/TMSA), #E XA
FNSA-1=PNSA-1/TMSA, Y0 PNSA-1 R4k aFREHA, KUFHE 4
) D, M1 D,y Dy &WTﬁfﬂﬁﬁpﬂm%?fﬂlﬂ'ﬂﬁﬁﬁﬁ[m’mﬂa

%~ EEMHIBTF Dio & bonding information content (order 2). Do %iH TFHE T
SR (BELERRRE) N, EREFR AR ERCHESE, BRES
i —3, WE TSN =5 (C,Cmim][TEN], [CoCimim][THN])EE ek
Bk £ ([Comim][TH:N], [Camim][TEN], [Comim][TEN])FIREBER, % Mtse IR BT
FT: [CAC CICipylTENIPICCS G, Capyl TENI>[Cs’Cipyl TENIP[C6'Ci’Cipy]
[TENI{Cs Cipy) [ TENI>[CCrpylTEN]

Dis» HACA-1, BENXHHACA-1= 5, A€ Xy poropor» =T A RABERR
FHERTEERIEHR, KT Dy, Dy R T HETFAREZ DRI
Flrggmarm,

Dy, £ LUMO+lenergy. XBF Dy, Dy R TBHEFHIFRBTRAMEAET
5 B2 M FIMAEER®. Dy & Max partial charge for a H atom.

Dis [RETEFMANMK. Ds KIUEXBHE, HERE, KEMES PHRERL
— 3y, Him, [BzCim)[THN] I [Bzim][THN] ) ¥ B & T [Comim][TEN]
[Camim][TEN], [Comim][TEN], [Comim][TEN], [C5Cimim][TEN]A[C,Cimim][TEN]o

Dy Relative positive charged SA (SAMPOS*RPCG), #E X A7 ¥ HHIRZHIIE
*EER, BT REMIBERN, BRATATHONLRANRE.
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Fig.4-7 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training
data of Set C in the Set [V

4.4.1.4 Set D (303K)

FE T RAURTRA:

Ig 1/10°Pa-s=-4.3527 D;7-21.119 Dyg +0.16543 D;5+0.25896 Dyg+1.3154

D7- Min partial charge (Qmin)

Dys- HA dependent HDCA-1/TMSA

D¢~ Topographic electronic index (all pairs)

Dy~ FHDSA Fractional HDSA (HDSA/TMSA)

XBEBAGRHERR (DM D) AHNEFIERETF (DigfI Dy, EAI
FEENHFNT: Dio>Di>Dis>Daoo

D9 £ topographic electronic index (all pairs). Dj7, Min partial charge (Qmin),§ &
XAQ,, =min(Q), Hi Q RAMBRTFHAMA: HAEHELUFRPATFHA
SR A PE A U, XEAMER R R T PH S B e e BRI PR S F R e AR
HER.

Dis 2 X HDCA-1/TMSA, EHHDCA-1=Y s, DeHy s, HH sp R
SRAASETFORATREBES, KR EBHREEEEN, Dy, FHDSA
Fractional HDSA (HDSA/TMSA), #5€ 34 HDSA/TMSA, HH HDSA RARL KR
EER, BE#E HDSA/TMSA 3, SRAFXAERAEEN Y FREER DML
i, RREABREREAS, HTHEREMEREREMRNY, DMl DyRHT
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Fig.4-8 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training
data of Set D in the Set IV

4.4.1.5 SetE (313K)

28 LR A:

Ig n/'*Pa-s=-0.00107 Dy, +0.014378 Dy, -1.1506 D,3-826.81 D34 -0.51839

D5;- PNSA-2 Total charge weighted PNSA

Dy,- count of H-donors sites

Dy3- Min net atomic charge

Dy4- Min nucleoph. react. index for a C atom

TAIE R E TR, FHEMNEZERRFHA: Dy>Dyp>Dy>Du.

BEEMHAM, Dy, PNSA-2 Total charge weighted PNSA, #E XA
PNSA-2=Yq,-Y.8,» Ae{s, <0}, Hb S, RAUBFEM T RETRER: g4
B4 i) Dy REB/MNFBE TR, Dy M Dy RUIFE FRIAA T A5
AMER T RS T AR, XE—BETBR] B TRE RIS
Fip g g

Dy R TAMAN, XRAFIME FRNZRHIEM. BTRAMTHER
izl MRS ARAE ),

D, & Min nucleoph. react. index for a C atom, B & T ¥ PAE 7 [l f15% FEAR L4
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Fig.4-9 Scatter plots of the calculated versus experimental values of viscosity for the ILs in training
data of Set E in the Set [V

4.4.1.6 SetF (323K)

FHE9 A LLRAA:

Ig 1/'*3Pa-s=-9.4163 Dys -0.00157 Dyg -428.38 Dy7-0.02692 Dyg-1254.0 Dyo+858.22

D;s- Relative number of rings

Dy¢- PNSA-2 Total charge weighted PNSA

D57- Max atomic orbital electronic population

Ds- Tot dipole of the molecule

D19~ Min nucleoph. react. index for a C atom

XEHNENEFHERBRF (Dys Dyyy Dos M Dag)y —MARRRFF(Dys), X
BT Dys M1 Dy CATEHE S FHIL T LEMNEEM M HF W T : D3>Das>Dar>Dag>Dige

Dys R AY, CRAERUREFHHERTHNM DsH—MERH. X
B W MEX R HO S R,

Dy REXETHEBRFHA(nT™). Dy RHIEMHETERAE K —MERELH
8. Dy MAREERPKEEERE FRRENNBEINTTEAD, RN TF—E8H
Y—ANEREEBRN, Fi—5, ARTERE MM ETF RN IR
¥, RETREABSMAE, EWMR S PRMERIE, fiw, HERETER
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Fig.4-10 Scatter plots of the calculated versus experimental values of viscosity for the ILs in
training data of Set F in the Set IV

4.4.1.7 SetG(333K)

F# 10 A RARR R

Ig n/"**Pas=0.33512 D39 -0.001221 D3;-1.8898 D3,-0.19945

D1y~ Kier&Hall index (order 3)

Ds;- DPSA-1 Difference in CPSAs (PPSA1-PNSA1)

Ds3,- Min net atomic charge

XBH ARG, BIMERR Dy, FHRHASRF Dy, METFHAER Dy EAT
HEEBEHMIS. Dy HIRETE 8 F.

Dsp» Kier&Hall index (order 3), #HHKBEE, ERMRT 4 TRIMXE, ERHF
2 EFEFLRMNAR, BERBRTREETHZR. XHEAERTER, 29
HEEMREE, Fim, MEUTHAREREM: [Cmim] < [Cimim] < [Comim] <
[C4Cymim] < [CsCimim] < [Czmim], [C4’Cipy] < [Cepy] < [C6'Cipy] < [Cs’Ci°Cipy] <
[Cs°Cipy] < [C{'C2’Ci*Cipy]-

Dy, , DPSA-1 Difference in CPSAs (PPSA-1-PNSA-1) , # & X
DPSA-1=PPSA-1-PNSA-1, $*F PPSA-1 R IFBR¥EH o] R FRIEHEA; PNSA-1 &

48



FVUE e B T 008 T HAARS 8 QSPR WAL

SRR AT RS TFRERT, IMEBRFR—ARERFT OIS REHRHR
%, *EEFHFREMAEERDERN,

3.0
O
§2.4-
21.8-
©
o O
1.2 %S

12 1.8 2.4 3.0
Experimental

4-11 WHAN ¢ 4 MitHESERERILR
Fig.4-11 Scatter plots of the calculated versus experimental values of viscosity for the ILs in
training data of Set G in the Set IV

4.4.1.8 SetH (343K)

HE 11 AT ARRA:

Ig n/10°Pas=-826.22 Ds3 -1.5909 D34+0.00938 Dss +0.00482 D3s-0.69977 Dsy
-0.13053

Ds3- Min nucleoph. react. index for a C atom

D34- Min net atomic charge

D3s- YZ Shadow

D3s- WNSA-1 Weighted PNSA (PNSA1*TMSA/1000)

D37~ Relative number of aromatic bonds

KBH AN LAHRT(Dss), EANBTUERIERI(Dss, Dy M Dyg), M—AH4
RIRFF(Ds7), o Dy M Dy A HIHIRAETE 8~10, ENIMEEHBEE LTI
#: D3s>D3>D13>Dss>Dze

D HAREENEL], — T Y2 BHTRRERN, S, = Jodo- pib)

)
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XE CRATFE Y H Z M PRSI, Ds RMTHTHER, BATR
SHRTHER, FEAE T X TERSHNEERE B2,
Dis B WNSA-1, EHE XN WNSA-1=(PNSA-1-TMSA)/1000°7* . Dy M T
FEEHFYTME, XOREFHEFMiF BT HRRESHIER.
Dy EHBFROHMEE, CRRTHEFEUEFRERZN.

- N
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Fig.4-12 Scatter plots of the calculated versus experimental values of viscosity for the ILs in
training data of Set H in the Set IV

S FIVA ([TENT) AMESE (283K, 293K, 303K. 313K, 323K. 333K 1 343K)
FEIAN\ATSH QSPR R, M t-test KM T HIAFFHIAHXT EEM. QSPR 77
B/ t-test HBFFHEALE NS RIME 4-4 Fir, BB TRALERES L (F)
m, HEMEER, SRMAEER, TEELIHEER, SHERNZM). HRE
Fial A AR A IR TR W SR 4-13 s

£ 44 HRHF rtest MEHERELEURFLRHER

Table 4-4 Original and Normalized t-test Values of the Descriptors, along with Indicated Interaction

. T descriptor - original normalized interaction
(K) t-test  t-test value
value
eq. 283 D,, FPSA-2 Fractional PPSA (PPSA-2/TMSA) 9.88 0.35 electrostatic

[Quantum-Chemical PC]

4
D,, FNSA-2 Fractional PNSA (PNSA-2/TMSA) -11.49 0.41 Van der
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[Quantum-Chemical PC]
D;, Relative number of C atoms

eq. 293 Dy, Number of C atoms

Ds, FNSA-2 Fractional PNSA (PNSA-2/TMSA)
[Quantum-Chemical PC]
D¢, FPSA-2 Fractional PPSA (PPSA-2/TMSA)
[Zefirov's PC]
D;, LUMO energy
D;g, Min net atomic charge for a H atom
Dy, RPCG Relative positive charge
(QMPOS/QTPLUS)[Zefirov's PC]

eq. 298 Do, Bonding Information content (order 2)

Dy, FNSA-1 Fractional PNSA (PNSA-1/TMSA)
[Zefirov's PC]
D]g, LUMO+1 energy
D3, HACA-1 [Zefirov's PC]
D4, Max partial charge for an H atom [Zefirov's PC]
D)5, Number of benzene rings
Dy¢, RPCS Relative positive charged SA
(SAMPOS*RPCG) [Quantum-Chemical PC]

303 D,7, Min partial charge (Qmin)

<8

Dis, HA dependent HDCA-1/TMSA
[Quantum-Chemical PC)
Dy, Topographic electronic index (all pairs) [Zefirov's
PC]
Dy, FHDSA Fractional HDSA (HDSA/TMSA)
[Quantum-Chemical PC]

eq. 313 D31, PNSA-2 Total charge weighted
8 PNSA[Quantum-Chemical PC]
Dy,, count of H-donors sites [Quantum-Chemical PC]
D53, Min net atomic charge
D34, Min nucleoph. react. index for a C atom

323 D;s, Relative number of rings

o8

D5, PNSA-2 Total charge weighted
PNSA[Quantum-Chemical PC]
Dy;, Max atomic orbital electronic population
D33, Tot dipole of the molecule

Dy, Min nucleoph. react. index for a C atom
eq. 333 D3y, Kier&Hall index (order 3)
D;;, DPSA-1 Difference in CPSAs (PPSA1-PNSA1)

[Zefirov's PC]
D;,, Min net atomic charge

eq. 343 D13, Min nucleoph. react. index for a C atom
D34, Min net atomic charge

D35, YZ Shadow
D35, WNSA-1 Weighted PNSA
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D;,, Relative number of aromatic bonds -3.39 0.13 structure
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Fig.4-13 Effects of cation-anion interaction on the viscosity of [Tf,N] -based ILs at different

temperature.

AR, BHEEFEEEERAMEEEERENEW. B, SRER. SR
FEAE BT EEE —ERZW. M 283K B 343K #rARTL{E AN ik
EYWER. B4, ERIEEREE (Fifn, 283K, 293K) FAEREENNEW, R
TR R A (i, 323K, 333K A1 343K)ZE MR LXK BE M N 7E 298K,
303K M 313K ERMEWITHEE.

4.4.2 VA ([BF,)

T EEBEFABEI MR AR FHE, RIUEENE 45,

% 4-5 41V HE T[BF) B T HUARIRBERRR

Table 4-5 Correlation Equations of Viscosity for[BF]-Based ILs of Set V

eq. no Xt AX" t-test  symbol descriptor
Eq.1 0 -1.1977¢+01 1.5770e+00 -7.5949 - Intercept
R’=0.8924 1 -1.2517e-01  1.1528¢-02 -10.8580 V, WNSA-3 Weighted PNSA
Ricv=0.8111 (PNSA3*TMSA/1000)
F=31.52, [Quantum-Chemical PC]
§’=0.0104 2 22390et00 2.5364e-01 8.8274 V,  Zero point vibrational energy /
# of atoms

3 3.9084e-01 4.9755¢-02 7.8552 V; Tot hybridization comp. of the
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molecular dipole
4  -6.5475¢-03 1.4989e-03 -4.3682 Vs Complementary Information
content (order 2)]
5 2.4863¢+01 17.5971e+00  3.2726 Vs  Max l-electron react. index for
aN atom

SHRFMRE: "REMEmE

ARG URRA:

Ig n /10°Pa * $=-0.12517 V 1-2.2390 V 2+0.39084 V 3-0.00655 V 4+24.863 V
5-11.977

V 1-WNSA-3 Weighted PNSA (PNSA3*TMSA/1000)

V 2-Zero point vibrational energy / # of atoms

V 3-Tot hybridization comp. of the molecular dipole

V 4-Complementary Information content (order 2)

V 5-Max 1-¢lectron react. index for a N atom

WAERI, V, RV, 3R AN FHBFEMEIMERTT, HREIANMBIAETH
FHARTF. BB ttest MANMERIKDRAITTUR BB EX MBI P EEH:
V>V V> Ve Vs,

BEERHEF V1, WNSA-3 Weighted PNSA (PNSA3*TMSA/1000), 545#54
%, RUITHETFLEMXEERZR,

V,, Zero point vibrational energy / # of atoms,'® 54X, V,, Tot
hybridization comp. of the molecular dipole, B4 TE#FE, WHHE FHEER
St R, Vs, Max l1-electron react. index for a N atom, & TPHEFF N &
FHEFX R R .

HEFEHMMETEREENEW. 75, AREMAMNEEHRE —ENEH.

2.8 - 4
o
°
8 2.4 O <
L) )
] o
= (o)
6201 ®

20 2.4 28
Experimental
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414 YHAV Bt HE S ERER R
Fig.4-14 Scatter plots of the calculated versus experimental values of viscosity for the ILs in
training data of Set V

4.4.3 VI4A ([DCA]?)

% F B EHEFH[DCATHIXHE Filitk, BRERIE 4-6.

% 46 AVIHET[DCATHE 1 AR XY

Table 4-6 Correlation Equations of Viscosity for[ DCA]™-Based ILs of Set VI

eq. no X® AX" t-test _symbol descriptor
Eq.! 0 1.1541e+00 4.0997e-02 28.1495 - Intercept
R’=0.9578 1 1.6957e-01 1.1377e-02 14.9037 V], Randic index (order 2)
R2v=0.9353 {Quantum-Chemical PC]
F=96.44, 2 -27118e-01 5.3187e-02 -5.0986 VI, HACA H-acceptors charged
§7=0.0055 surface area

[Quantum-Chemical PC]
3 -1.0713e+02 3.7337e+01 -2.8692 VI,  Avg l-electron react. index for a
C atom
4 -7.4486e+00 1.8157e+00 -4.1024 VI, Polarity parameter / square
distance

CHRTTMRE: " REMRE

ARG URTRA:

Ig n/10°Pa * s=0.1696 VI1-0.27118 VI2-107.13 VI3-7.4486 VI4-1.1541

VI1-Randic index (order 2)

VI2-HACA H-acceptors charged surface area

VI3-Avg 1-electron react. index for a C atom

VI4-Polarity parameter / square distance

MR, VI, RIBHHREF, VI AV REFUERERT, VI, RERMEASR.
R r-test ASHEKI KD RATAT B BB AR MER F R EEN: VI>VI>V>
VI,

VI;» Randic index (order 2), BEEMHAT S5 EF ORI AAEXEE K
B BF 20 T P R T e AR AR AR BE XK O w29,

VI, HACA H-acceptors charged surface area, ik T/ FH&TARMGEN,
B T Sk W ?), VI;, Avg l-electron react. index for a C atom, BT BHFH
B EMEERXZ!, VI, Polarity parameter / square distance, E##F T FE T H)
PRI R A ),

METEMEEEEREENEW. 55, SREA. HRETRESEEHRN
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Fig.4-15 Scatter plots of the calculated versus experimental values of viscosity for the ILs in
training data of Set VI

4.5 SENPHEMRERMILE

it Pl EEME R, ATLEE, HRETRSEALERERRRET
BRAETAZ CHRFE RRELHSTREREEERRENE®E: HET4S
B 7 S DU RAL AN — SRS U R L B R R 5

EWE—AEWREN, NTEESTREEILEY, ZREEREENEE
REABMIAMMEWER (B, BR. R WL,

B, ERETFREHTHERMAR N, MTHETAZ (SRFE) Mk
WL RS Tk, RO%E MRS B F g A R R W, XRE4%
FREMEHHEFARN; T THETANRABEN OSSP Rk 5RIWE
PR, MxEMESEIBIEMMEHEENHEOZH.

4.6 NG
1. EBT=KEEREFHEFRERR, Z (ZHFEE) BBERE (THN]).

MR LR ([BFJ) M_#R&# ([DCA]).
2. FF QSPR M “break point” HiEM =R It +HE EHE FHE FREETE
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FLE GliRY

FLE GRERE

BFRAR-NEXENER, B eMlERALHE, BAHRERD, 0
AT REATENN. 2REEE, ERRET. 2 FKEMAHTEZHMME R
SRR AR T E N AEE. £, AR 1970-2010 FRREHE, 8
GHALEEHAMXNE, SHELKE QSPR A, HFETHMEBTME X,
HAh M od TETTENI X —RE FRAMEEER, ZRXBIMEELRD
F:

1‘wmmmﬁ[ammtpm,Qmu&mmLummﬂﬁmqﬁﬁ%%%
WARRERIREL T+ AT E R ERUEE (R>0.82).

2. BB FRBBEANZRSUNEFREEEREREENEW,

3. BTRAREEMHELEANEENEESZEERETAL, flnxF
[TENTEFHE, CEEEREKENEE, AMERENZREHEEYHEE.

4. 54 FREPEFRER QSPR BFAL RELE, WA E FRIAPMHEF
R LERR I E A TEIBANEERRE,

BZ, A EFRAKEED TEARGEMBIR, 25154 e PH 8-+ #E e B
BFHAREFRESL 13 ABIRELT 13 M5 QSPR KB HMEER , HxtHcp
EIHGRFF A SGEAT TV 2T, HESE T X PR A AR, JF BX B FR kR
ABRRIHRETANMEMNEREM. BERRE RN SRS, HER
WHER, B FBRARE LR R EFMEA.
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Table S1 Viscosity Data of cation-based ILs for QSPR (1} in 10'3Pa-s)’

no. full name of anion logn ref.
I 1 bis(perfluoroethylsulfonyl)imide 1.785 1
2 2,2,2-trifluoro-n-(trifluoromethylsulfonyl)acetamide 1.397 2
3 2-methyl-1,1,3,3-tetracyanoallyl 2.103 3
4 2-cyanomethyl-1,1,3,3-tetracyanoallyl 2.681 3
5 thiocyanate 1.372 4
6 ethylsulfate 2.001 5
7 diethyl phosphate 2.662 6
8 acetate 2.255 6
9 trifluoroacetate 1.544 2
10 heptafluorobutanoate 2.021 2
11 tetrafluoroborate 1.568 7
12 trifluoromethanesulfonate 1.650 8
13 n-~(trifluoromethylsulfonyl)pentafluoroethylsulfonamide 1.681 9
14 bis(fluorosulfonyl)imide 1.255 10
15 tetrachloroaluminate 1.250 1
16 chloride-gallium chloride 1.113 i
17 trifluoromethyltrifluoroborate 1414 12
18 pentafluoroethyltrifluoroborate 1431 12
19 trifluoromethyltrifluoroborate 1.505 12
20 (nonafluoro-n-butyl)trifluoroborate 1.579 13
21 ethyltrifluoroborate 1.857 14
22 propyltrifluoroborate 1.732 14
23 n-pentyltrifluoroborate 1.944 14
24 vinyltrifluoroborate 1.612 14
25 1,2,3,4-tetrazole 1.628 15
26 bis(methanesulfonyl)amide 2.895 3
27 glycine 2.686 16
28 difluoromonof1,2-oxalato(2-)-0,0'Tborate 1.875 17
Il 1 1,1,3,3-tetracyanoallyl 2.287 3
2 2-methyl-1,1,3,3-tetracyanoallyl 2.378 3
3 2-methoxy-1,1,3,3-tetracyanoallyl 2.173 3
4 2-cyanomethyl-1,1,3,3-tetracyanoallyl 2.653 3
5 tetrafluoroborate 2.255 7
6 tris(trifluoromethylsulfonyl)methide 2434 18
7 bis(trifluoromethylsulfonyl)imide 1.658 19
8 trifluoromethanesulfonate 1.920 20
9 heptafluorobutanoate 2.260 2
10 acetate 2.145 4
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11 dicyanamide 1.459 4
12 nitrate 2.424 21
13 thiocyanate 1.713 22
14 hexafluorophosphate 2.393 16
15 hexafluoroarsenic 2.357 23
16 trifluoroacetate 1.845 24
17 2-(2-methoxy-ethoxy)-ethylsulfate 3.014 24
18 3-(trifluoroborate)-butylnitrile 2.004 2
19 methyltrifluoroborate 1.690 14
20 pentafluoroethyltrifluoroborate 1.612 12
21 difluoromono[1,2-oxalato(2-)-O,0"borate 2.079 17
il 1 alanine 2.895 25
2 L-a-amino-5-guanidinovaleric acid 3.155 25
3 L-a-aminosuccinamic acid 3.231 25
4 L-a-aminosuccinic acid 3.213 25
5 L-a-amino-3-mercaptopropropionic acid 3.189 25
6 L-a-aminoglutaramic acid 3.218 25
7 L-1-aminopropane-1,3-dicarboxylic acid 3.152 25
8 glycine 2.854 25
9 L-a-amino-4-imidazolepropionic acid 3.039 25
10 L-a-amino-3-methylvaleric acid 3.149 25
11 L-a-amino-y-(methylthio)butyric acid 2.885 25
12 L-a-aminohydrocinnamic acid 3.298 25
13 (S)-2-pyrrolidinecarboxylic acid 3.249 25
14 L-a-amino-3-hydroxypropionic acid 3.128 25
15 L-a-amino-3-hydroxybutyric acid 3.253 25
16 L-a-aminoisovaleric acid 2.949 25
17 L-a-amino-p-hydroxyhydrocinnamic acid 3.111 25

2 The values in italic are testing data and the other are training data; for one viscosity, when several
values from different publication sources are found, one value is selected based on the agreement
between those values, coupled with the purity, publication date, impact factor of journal.
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Table S3 Results of QSPR Study on The Viscosity of Conventional Molecular-Type Organic
Compounds

no.

results

ref.

1

Model: from Random Forest Regression (RF). Descriptor: H,,, the maximum
hydrogen E-state (classified as hydrogen-bond donor/acceptor E-states); 7IC;, the total
information content of order 1, calculated using neighborhood similarity; SsOH, the sum
of the E-states of the O atom of type OH; HsOH, the number of H atoms of the type OH;
ICy, the information content of order 0, calculated based on neighborhood similarity;
"OPC, the overall path connectivity based on valence connectivity; H, the Harary index,
a topologlcal index that is derived from the reciprocal distance matrix for a molecular
graph; ‘y" , the valence connectivity index of order 6. Method: RF algorithm. System:
79 saturated hydrocarbons, 2 cycloalkenes, 30 aromatic hydrocarbons, 54 halogenated
compounds, 23 aliphatic amine, 9 aliphatic amide, 17 carboxylic acids, 47 esters, 39
alcohols, 10 nitriles, 3 thiols, 5 sulfides, 28 heterocycles, 23 ethers, 10 aldehydes, 17
ketones, 2 anhydrides, 5 nitro compounds. Observation: hydrogen bonding interactions
are the most dominant type of intermolecular forces that affects viscosity; molecular
size, branching, and surface area of polar atoms give remarkable contributions.

Equanon logn = 1.7THDCA(2) +0.000577G;+2.78 N jngs +20. 2FPSA(3) +0.0897E,,,(C)
-10.3 (r =0.854, s=0.22). Descriptor: HDCA(2), HDCA(ZFZ(qDSD 518,00, qp is the
partial charge on the hydrogen-bonding donor (H) atom (s), Sp denotes the exposed
surface area of this atom, S, is the total molecular surface area; G, the gravitational
index over all bonded atoms i,j in the molecule; Ny, the relative number of rings in the
molecule; FPSA(3), FPSA(3)= 2(S4q4)/S, S4 is the surface area of a positively charged
atom, ¢, is the corresponding positive atomic charge, S is the total surface area of the
molecule. Emin(C), the minimum atomic state energy for a C atom. Method: heuristic
method based on the linear regression technique. System: 361 organic compounds
containing C, H, N, O, S and/or halogens. Observation: the most important descriptor is
HDCA(2), which reflects the intermolecular hydrogen-bonding interaction; the
dispersion and cavity-formation effects give remarkable contribution; the electrostatic
polar interactions give much less impact on viscosity.

Equation:logn=0.263(¥0-1)+0.09831(DPOL-1)-3.032(SADH-3)+0.168(SCDH-1)+0.07
096(NRA-18)+1.065(FNSA-2)-4.053(FNSA-3)-0.06808( WPSA-3)-1.475Descriptor: V(-
1, valence corrected zero-order y-index; DIPO-1, the dipole moment; SADH-3, is (total
SA of all donatable H)/(total molecular SA); SCDH-1, the sum of (SA*Q) for all
donatable H, where Q is charge; NR4-18, the number of ring atoms; FNSA-2, (total
charge weighted partial negative SA)/(total molecularSA), is expressed by
[(Q 100 *(-SA10n))/(SAT07), Where Qror is the total negative charge for the molecule,
-SAqor is the total partial negative surface area of the molecule, and SAror is the total
molecular surface area; FNSA-3, (atomic charge weighted partial negative SA)/ (total
molecularSA), is expressed by Z{(-SA, N0 ))/(SAror), where -54; and (; are the surface
area and charge contributions of the i-th negatively charged atom; WPS4-3, surface
weighted charged partial positive SA, is expressed by [(+S4707)*(S4707))/1000, where
+SA7or is the total partial positive surface area of the molecule. Method: MLR and
CNN. System: 213 common organic solvents. Observation: the involved CPSA
descriptors (FNSA-2, FNSA-3, and WPSA-3) encode the total and atomic negative charge
weighted surface areas as well as the total positive charge weighted surface area; the
hydrogen-bonding  specific  descriptors  (SADH-3 and SCDH-1)  encode
hydrogen-bonding interactions that may contribute to the viscosity of a substance; the
constitutional and topological descriptors (NRA-18and V0-1) reflect the steric bulk of a
molecule.

Equation: logy = 0.1104Kier&Hall index (order 2) +0.092954v. Information content
(order 1) +0.066804v. Bond Information content (orderl) -0.01875YZ Shadow
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+0.08568LUMO energy —0.09375SRNCS +0.3137THDSA +0.05228Min valency of a C
atom —0.07644Min exchange en. For a C-C bond —0.06635Max e-e rep. for a C-H bond
—0.07644Max e-n attr. For a C-H bond -0.063461X beta polarizability <0.06346(1/2)X
beta polarizability +0.06245f-Randic index (order 2) +0.04502f-Randic index (order 3)
+0.09149/-Kier&Hall index (order 0). Descriptor: Kier&Hall index (order 2), Jf-Randic
index (order 2), f-Randic index (order 3), and f-Kier&Hall index (order 0), are calculated
by "y=2(3; 10+ ;)0'5, where J; and J; correspond to the coordination numbers of atoms
(Randic index) or to the values of the atomic connectivity (Kier & Hall); Av. Information
content (order 1) is ICm=-2((n/n)log(nyn)), where n; is the number of atoms in the i-th
class and 7 is the total number of atoms in the molecule; Av. Bond Information content
(orderl) is 'BIC="IC/logq, where g is the number of edges in the structural graph of the
molecule; YZ Shadow, when the molecule is oriented in the space along the axes of
inertia (x coordinate is along the main axis of inertia and so on) YZ shadow is the area of
the shadows of the molecule as projected on the YZ plane; LUMO energy is the energy
of lowest unoccupied molecular orbital; RNCS is relative negative charged surface area;
HDSA is £54;, where the sum is over all the atoms that are bonded to an oxygen atom of
an OH group; Min valency of a C atom is the minimum value of the free valence of C
atom; Min exchange en. For a C-C bond is the minimum electronic exchange energy
between C atom and C atom; Max e-e rep. for a C-H bond is extreme values of the
contributions to the energy of the molecule due to electron-electron repulsion for C-H
bond; Max e-n attr. For a C-H bond is extreme values of the contributions to the energy
of the molecule due to electron-nucleus attraction for C-H bond; 1X beta polarizability
and (1/2)X beta polarizability are the terms of the second-order polarizability from
MOPAC. Method: PLS. System: 46 compounds considered have structural formula
X-CH,CH,-Y, where the X and Y fragments include alkyls, aromatics, halogens, electron
acceptors and donors, and hydrogen-bonding groups. Observation: The relevant
descriptors are hydrogen-bonding descriptors, topological descriptors, components of the
molecular polarizability, and quantum mechanical energy terms for the C-C and C-H
bonds which may be related to the conformational changes of the molecule.

Equation: logn = -0.0563MR -0.110D +0.00255T; +0.00105xy +0.0321F,,, —1.912
(r=0.933, 5=0.144); logn = 0.102¢,+0.0781,+0.270¢;-0.501¢, +0.0822t;-0.102 (r=0.931,
5=0.146); logn = -0.0545MR —0.115D +0.00243T; +0.00101yss +0.0300E,; —1.805
(=0.963, 5=0.094); logn = —0.0286MR +0.00333T,+0.00073yy +0.0108 £, +0.49410y
—0.166Icy +0.1097ine +0.440 iz +0.108L,s —2.299 (r=0.973, 5=0.092). Descriptor:
MR, molecular refraction at 20"C,]0*m3 ‘mol; D, dipole moment, debyes; T, Critical
temperature, K; yu, absolute value of molar magnetic susceptibility, 10 m* mol™; Eopy
cohesive energy at 293K, kJ'mol”; t~ts are the linear combinations of the original
descriptors; Jow, Ion Jamine Aamide Slring ar€ the indicators for alcohol/phenol, nitrile,
amine, amide, aliphatic ring. Method: MLR and PLS. System: 237 compounds
containing C, H, N, O, S, F, Cl, Br and 1. Observation: A good predictive model is
developed, which includes four physical properties(tMR ,T., xu, E o) and five structural
descriptors; the structural descriptor variables can encode the polar information, and
hydrogen bonding interaction has important effect on viscosity.

Equation: logn = -0.0353MR +0.00346T,+0.00083y,,+0.0158E ,;, +0.4521 5 —0.18 11 oy
+0.116/umine +0.364 1 mige +0.08371;,4-2.438 (¥"=0.922, RMSE=0.158). Descriptor: MR,
molecular refraction at 20°C ,lO"m3 -mol'l; T, Critical temperature, K; yu, absolute value
of molar magnetic susceptibility, 10"?m*>mol’’; E,,, cohesive energy at 298K, kJ-mol’;
Totts Icw Jamine Jamide olring ate the indicators for alcohol/phenol, nitrile, amine, amide,
aliphatic ring. Method: MLR. System: 237 compounds containing C,H,N, 0, §, and
halogen atoms. Observation: The model gives not good predictions of viscosity for the
compounds with several OH groups, which reflects the effect of hydrogen bond on
viscosity.

Model: from back-propagation neural network (NN) Descriptor: MR, molar refraction
at 20°C, 10°m’ -mol”; T, critical temperature, K; ., absolute value of molar magnetic
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susceptibility, 10m>mol; E,, cohesive energy at 298K, kI'mol™;  Io, Ion, Lamine,
Lumides Ling are the descriptor for alcohol/phenol, nitrile, amine, amide, aliphatic ring;
T, temperature, °C; Method:NN. System: 361 organic compounds containing C, H, O,
N, S, and all halogens, alkenes, cycloalkanes, cycloalkenes, aromatic hydrocarbons,
halogenated hydrocarbons, alcohols, polyhydroxy alcohols, phenols, aldehydes, ketones,
acides, esters (including furanes), anhydrides, amines (including pyridines, anilines,
azols, and azines), amides, nitriles, nitro and sulfur compounds, and polyfunctional
compounds. Observation: The results obtained in this paper demonstrate that it is
possible to generate a robust neural network model for temperature dependence of liquid
viscosity for wide range of chemical structures and viscosity values. For some OH
containing and/or multifunctional compounds, a new additional parameter on hydrogen
bonding or the interactions of polar groups should be included.

Equation:  Iny=-2.814+3.387C+0.0088581+0.3.9190-8.486T+0.6684Y (¥*=0.92,
5=0.371). Descriptor: C, the hydrogen-bonding donor charged surface HDCA-2
computed with atomic charges derived from atomic electronegativities; M, the molecular
weight; O, the Randic connectivityindex of order 3T, the maximum electrophilic
reactibity index for a carbon atom; ¥, the maximum atomic orbital electronic population.
Method: multilinear regression (MLR). System: 369 organic compounds including
alkanes, cycloalkanes, alkenes, cycloalkenes, aromatic hydrocarbons, alcohols, phenols,
polyhydroxy alcohols, ethers, aldehydes, ketones, acids, esters, anhydrides, amides,
nitriles, halogerated hydrocarbons, and nitro and sulfur compounds. Observation: the
QSPR models developed with CODESSA allow accurate computation of the liquid
viscosity of organic compounds using simple constitutional descriptors and quantum
indices.
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33 CH; CH; CioHa CH(CH;),
34 CH; CH; CH; (CH,),00CH;Bz
35 CH, CH, (CH,),0H (CHa),Br
36 CH, CH; CH; CioHy
37 CH; C:Hy CsHy CsHy
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Ry
~ o/\ N <
R3/ RZ
(b)
no Rl R2 R3 no R[ R2 R3 no R| Rz R3
C,Hs | C,Hs | CHs 2 CH; | CHs | CHs 3 CH; CH; C,H;
CH; CH; CsHo 5 CH; CH; | C¢Hjs 6 CH; CH; | CHs
7 CH; CH; CgHys 8 CH; CH; CoHyg 9 CH, CH; | CyoHy,
10 | CH; | CH; | C;Hy
Morpholinium
Y
R1\ +
/N
R;
no R] Rz no Rl Rz no R] R2
1 (CH,),OH CH; | 2 (CH,),0C,H; CH; 3 CH,0C,H;s CH;
4 (CH;);0CH; CH; | § C;Ho CH; 6 | (CH;);OCH; | CH;
7 | (CH,),0CH,(CF,);CHF, | CH;
Phosphonium
R Ry
3\ +/
~N
R3/ R2
no R, R; R, Ry no Ry R, R;3 Ry
1 | CgHyy | CgHyy | CsHys CsHis 2 | CHys | CHyz | CeHis CiaHy
3 | CHy | CiHy | CeHy CeHis CH;3 CHy | CiHy CsH,
5| CHy | CHy | CiHy CsHir CHs | CHs | CH;s CsHys
7 C,H;s C,H; C,H; Ci2Hys C,H; C,H; C,H; CH,0CH;
9 C,H;s C,H;s C,H; (CH,),OCH;, 10 CH; CH; CH; CeH3
11 C,H; C,Hs C,Hs CsHy
Oxazolidinium Guanidinium
\ /
R1\ N
N* o) *
/ \/ R4\ /R1
R; NN
R3 Ry
no R| Rz no R] Rz no R| Rz R3 R4
1 C:Hy CH; | 2 |(CH),OCH; | CH; 1 | CHj3 | CeHys | CeHys | CeHys

9
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[3 [ CHCHF | CH | 4 | CH | cHy ||
Piperidinium

R1 \ N+
Ry
no R; R, | no R, R,
i C;H, CHs| 2 C4Hy CH;
(CH»);0(CH,),OCH; | CH; 4 | (CH,),0CHj; | CH;
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Table S5. Viscosity Data of [Tf,N] -based ILs for QSPR at 1 atm () in 10°Pas)*

no. abbreviation full name logn |ref
Al l [C,mim] 1-ethylimidazolium 1.716 | 1
2 [C4mim] 1-butyl-3-methylimidazolium 1.924 | 2
3 [Csmim] 1-hexyl-3-methylimidazolium 2178 | 3
4 [C4Cymim) 1-butyl-2,3-dimethylimidazolium 2182 |2
5 [CeCimim] 1-hexyl-2,3-dimethylimidazolium 2.501 | 1
6 (Cepy} 1-hexylpyridinium 2276 | 1
7 [C4Cipy] 1-butyl-3-methylpyridinium 214 | 1
8 [C&’Cipy] 1-hexyl-3-methylpyridinium 2294 | 1
9 [Cs’Cipyl 1-octyl-3-methylpyridinium 2428 | 1
10 [C6C,°Cipy] 1-hexyl-3,5-dimethylpyridinium 24 |1
11 [C&C C’Cipy) 1-hexyl-2-ethyl-3,5-dimethylpyridinium 285 |1
12 [C¢"(CiCiN)py] 1-hexyl-4-(dimethylamino)pyridinium 2455 | 1
13 [(CH,COO0)Cpy] I-butyl-nicotinic acid butyl ester 3262 |1
14 [CEC5*C°Capy] 1-hexyl-2-propyl-3,5-diethylpyridinium 2763 | 1
15 | [C&CHCICiN)py) 1-hexyl-3-methyl-4-(dimethylamino)pyridinium | 2.444 | 1
16 [CCipyr] 1-butyl-1-methylpyrrolidinium 2.107 | 2
17 [S222] triethylsulfonium 1.748 | 2
18 [S11,CH,C=CH] dimethylpropargylsulfonium 2238 (2
19 [841,CH,COOC;Hs] (ethoxycarbonylmethyl)dimethylsulfonium 2403 |2
20 [Nisss] N,N,N-trioctyl-N-methylammonium 3.168 | 4
21 | [Ny;1,(CH,),00CCH;] acetylcholine 2393 {2
22 N111,30C1] N,N,N-trimethyl-N-(3-chloro-2-hydroxyprpyl)ammoni| 2.486 | 2

umn

B 1 [i-Csmim] 1-isobutyl-3-methylimidazolium 1.919 | 2
2 [C,Cymim] 1,3-dimethyl-4-methylimidazolium 1.556 | 2
3 [m-C,Cmim] 1-ethyl-3,5-dimethylimidazolium 1.568 | 2
4 [C,F3mim] 1-trifluoroethyl-3-methylimidazolium 2394 |2
5 [(Cy)zim] 1,3-diethylimidazolium 1544 | 2
6 [C4C,im] 1-butyl-3-ethylimidazolium 1.681 | 2
7 [(201)mim] 1<(2-methoxyethyl)-3-methylimidazolium 1.732 | 2
8 [CioPy] 1-decylpyridinium 2204 |5
9 [Ci(202)pyr] 1-(ethoxyethyl)-1-methylpyrrolidinium 1.818 | 6
10 [N sss] N,N,N-trioctyl-N-methylammonium 254917
11 [Nitiph) N,N,N-trimethyl-N-phenylammonium 2322117
12 [Nyase] N, N, N-tributyl-N-hexylammonium 2958 (6
13 [(C;OH)Cymo] N-(2-hydroxyethyl)-N-methylmorpholinium 1.986 | 8
14 [(202)Cymo] N-(2-ethoxyethyl)-N-methylmorpholinium 1.576 | 8
15 [(102)Cimo] N-(ethoxymethyl)-N-methylmorpholinium 14818
16 {(301)Cymo] N-(3-methoxypropyl)-N-methylmorpholinium 1.890 | 8
17 [Pssss] tetraoctylphosphonium 2621 |9
18 [Cimim] 1,2-dimethylimidazolium 1.643 | 2
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19 [Comim] 1-ethyl-3-methylimidazolium 15312
20 [C4mim] 1-butyl-3-methylimidazolium 1.716 | 2
21 [Cemim] 1-hexyl-3-methylimidazolium 1952 |3
22 [Csmim] 1-octyl-3-methylimidazolium 2.077 |10
23 [Ciomim] 1-decyl-3-methylimidazolium 2,152 |11
24 [C4Cimim] 1-butyl-2,3-dimethylimidazolium 2021 |2
25 [C;OHmim] 1-(hydroxyethyl)-3-methylimidazolium 1.851 {12
26 [Cepy] 1-hexylpyridinium 2025 (1
27 [C4Cipy] 1-butyl-3-methylpyridinium 1.903 | 1
28 [Co’Cipy] 1-hexyl-3-methylpyridinium 2.041 | 1
29 [Cs’Cipy] 1-octyl-3-methylpyridinium 2.164 | 1
30 [C&C*Cipyl 1-hexyl-3,5-dimethylpyridinium 2.134 | 1
31 [CECC°Cipy) 1-hexyl-2-ethyl-3,5-dimethylpyridinium 2529 | 1
32 [C6(C,CiN)py] 1-hexyl-4-(dimethylamino) pyridinium 2.164 | 1
33 [(C4H9COO)Cpy] I1-butyl-nicotinic acid butyl ester 2889 11
34 [C62C33 c)’ Capyl 1-hexyl-2-propyl-3,5-diethylpyridinium 2449 | 1
35 [C63Cl4(C1C,N)py] 1-hexyl-3-methyl-4-(dimethylamino)pyridinium | 2.170 | 1
36 [C4sCipyr] 1-butyl-1-methylpyrrolidinium 1.992 |13
37 [Sa22] triethylsulfonium 1.591 |14
38 [S11,CH2C=CH] dimethylpropargylsulfonium 2.090 | 2
39 | [S11,CH2COOC2H5] (ethoxycarbonylmethyl)dimethylsulfonium 2.283

40 [N122:201} N,N-diethyl-N-methyl-N-(2-methoxyethyl)ammonium| 2.079 |15
41 N2l N,N,N-triethyl-N-hexylammonium 2342 |10
42 | [Nij,(CHy),00CCH;] acetylcholine 2.262

43 [Ni11,30C1] N,N,N-trimethyl-N-(3-chloro-2-hydroxypropyl)ammo| 2.423

nium

4 [C4Cymo] N-butyl-N-methylmorpholinium 1.905

45 [(201)Cmo] N-(2-methoxyethyl)-N-methylmorpholinim 1.672

46 [(C¢Cg)2AC)gua] [bis(dihexyl)]dimethylguanidinium 2474

1 [Bzim] 1-benzylimidazolium 2.041 |16
2 [Cymim] 1-ethyl-3-methylimidazolium 1.518 |17
3 [C4mim] 1-butyl-3-methylimidazolium 1.658 |18
4 [Cemim] 1-hexyl-3-methylimidazolium 1.846 | 3
5 [Cgmim] 1-octyl-3-methylimidazolium 1.977 {12
6 [Ciomim] 1-decyl-3-methylimidazolium 2.079 |12
7 [C;Cmim] 1,2-dimethyl-3-propylimidazolium 1954 |19
8 [C4Cymim] 1-butyl-2,3-dimethylimidazolium 1.944 | 2
9 [C4Cimim] 1-hexyl-2,3-dimethylimidazolium 211711
10 [BzC,im] 1-benzyl-2-ethylimidazolium 2,401 |16
11 [C,OHmim] 1-(hydroxyethyl)-3-methylimidazolium 1.872 |20
12 [(C=3)im] 1,3-diallylimidazolium 1.491 |21
13 [(103),im] 1,3-di(propyloxymethyl)imidazolium 1.916 |22
14 [(104);im] 1,3-di(butyloxymethyl)imidazolium 1.938 |22
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15 [(105);im] 1,3-di(pentyloxymethyl)imidazolium 1.977 |22
16 [(106),im] 1,3-di(hexyloxymethyl)imidazolium 2.060 |22
17 [(107),im] 1,3-di(heptyloxymethyl)imidazolium 2.161 |22
18 [(108),im] 1,3-di(octyloxymethyl)imidazolium 2.187 {22
19 [C,Smim] 2-ethylsulfanyl-1-methyl-3H-imidazolium 1.974 |23
20 [Cepy] 1-hexylpyridinium 1903 | 1
21 [CCNpy] 1-ethyl-2-cyanopyridinium 2.785 | 24
2 [C/CNpy] 1-butyl-3-cyanopyridinium 3.013 | 24
23 [C4'CNpy] 1-butyl-4-cyanopyridinium 2.569 |24
24 [C4Cipy] 1-butyl-3-methylpyridinium 1799 | 1
25 [C63C|py] 1-hexyl-3-methylpyridinium 1.929 | 1
26 [Cs’Cipy] 1-octyl-3-methylpyridinium 2.049 | 1
27 [CSC Cipy] 1-hexyl-3,5-dimethylpyridinium 2017 | 1
28 [CSCPCPCpy] L-hexyl-2-ethyl-3,5-dimethylpyridinium 2.389 | 1
29 [C6'(CiCiN)py] 1-hexyl-4-(dimethylamino) pyridinium 2045 | 1
30 [C&2C5’C,°Capy) 1-hexyl-2-propyl-3,5-diethylpyridinium 2313 | 1
31 [C63C,4(C 1CiN)py] I-hexyl-3-methyl-4-(dimethylamino)pyridinium 2.049 | 1
32 [C;Cipyr] 1-propyl-1-methylpyrrolidinium 1.785 {17
33 [CsCipyr] 1-butyl-1-methylpyrrolidinium 1.885 |18
34 [C iC oyr] 1-propyl-2-methylpyrrolidinium 1.755 |25
35 [C42C1pyr] 1-butyl-2-methylpyrrolidinium 1.763 |25
36 [CsCipyr] 1-hexyl-1-methylpyrrolidinium 1.982 |20
37 [Ci(1o1)pyr] 1-(methoxymethyl)-1-methylpyrrolidinium 1.602 |26
38 [Ci(201)pyr] 1-(methoxyethyl)-1-methylpyrrolidinium 1.724 |26
39 [CioCipyr] 1-decyl-1-methylpyrrolidinium 2.176 {20
40 |[CH;CH(OH)CH,OHC,p| 1-(1,2-dihydroxypropyl)-1-methylpyrroidinium 3.176 {20
yr]

41 [CsCpip] I-propyl-1-methylpiperidinium 2.068 |27
42 [CCpip] 1-butyl-1-methylpiperidinium 2.260 |26
43 [(20201)Cpip] 1-methyl-1-[2-(2-Methoxy-ethoxy)-ethyl]piperidinium| 1.944 |14
44 [(201)C,pip] 1-methyl-1-(2-methoxyethyl)piperidinium 1.740 | 14
45 [S22] triethylsulfonium 1.505

46 [Sasd) tributylsulfonium 1.875

47 [S11,CH,C=CH] dimethylpropargylsulfonium 2,012

48 [S11,CH,COOC,Hs] (ethoxycarbonylmethyl)dimethylsulfonium 2.209

49 N122,201] N,N-diethyl-N-methyl-N-(2-methoxyethyl)ammonium| 2.079 (28
50 [Nl N,N,N-trimethyl-N-propylammonium 185129
51 [Nagas) N,N,N-triethyl-N-pentylammonium 2.235 130
52 [Nind N,N,N-trimethyl-N-butylammonium 2.064 19
53 [Nid N,N,N-trimethyl-N-hexylammonium 2.184 | 4
54 [Na22e) N,N,N-triethyl-N-hexylammonium 2222 | 4
55 [Na22,12] N,N,N-triethyl-N-bihexylammonium 2.499 |30
56 [N222,101] N N,N-triethyl-N-(methoxymethyl)ammonium 1.838 {30
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57 [N222.20] N, N, N-triethyl-N-(methoxyethyl)ammonium 1.929 130
58 [Nod] N,N,N-tributyl-N-hexylammonium 2.598 |31
59 [Ny N,N,N-trimethyl-N-heptylammonium 2.184 | 4
60 [Nyug] N,N,N-trimethyl-N-octylammonium 2257 | 4
61 N2z N,N N-triethyl-N-heptylammonium 1.877 | 4
62 N22s] N,N,N-triethyl-N-octylammonium 2.336 |30
63 [Nas] N,N-diisopropyl-N-heptyl-N-ethylammonium 2.558 | 4
64 [Nusi] N, N, N-tributyl-N-heptylammonium 2.782 | 4
65 [Naaas) N,N,N-tributyl-N-octylammonium 2.758 | 4
66 [Nyiz) N,N-dimethyl-N-propyl-N-ethylammonium 1919 | 9
67 [Ni12d N, N-dimethyl-N-butyl-N-ethylammonium 2.041 |9
68 Ny134] N,N-dimethyl-N-butyl-N-propylammonium 2230 |9
69 [Na2u) triethylammonium 1.681 |14
70 [Nssss] tetrapentylammonium 2.633 15
7 [Nesss] tetrahexylammonium 2.638 |15
72 [N77m) tetraheptylammonium 2.656 |15
73 N1, 101] NN N-trimethyl-N-(methoxymethyl)ammonium | 1.698 | 7
74 | [Ny;1,(CH,),00CCH;] acetylcholine 2.187

75 [N113,C,0H] N,N-dimethyl-N-isopropyl-N-hydroxyethylammonium | 2.324 20
76 [Ni33] N,N-dimethyl-N-isopropyl-N-propylammonium 2.053 |20
7 [Ni134) N N-dimethyl-N-butyl-N-isopropylammonium 2.136 |20
78 Nyi36) N,N-dimethyl-N-hexyl-N-isopropylammonium 2.167 |20
79 [Ni13.10] N,N-dimethyl-N-decyl-N-isopropylammonium 2.209 |20
80 | [BzCOOC,HsN(CHs)s} N,N,N-trimethyl-N-ethylbenzoateammonium 3.817 |16
81 {[MeN(C,H,Br)(C;H,OH N,N-dimethy}-N-hydroxyethyl-N-bromoethylammoni | 2.796 |16

) um
82 |[C1,CH,CH,0CH(CF2); N-(5-ethoxy-l,1,2,2,3,3,4,4-octaﬂuoro-pentane)-N-me 2.986 {32
CHF;m]) thylmorpholinium

83 [CsCiox] N-butyl-N-methyloxazolidinium 2.161 {26
84 [(201)C 0x] N-methoxyethyl-N-methyloxazolidinium 2.068 |26
85 [CH,CH,F,C 0x] N-(fluoroethyl)-N-methyloxazolidinium 2.457 |32
86 [Pess.14] trihexyl-tetradecylphosphonium 2.526 |33
87 [Paase] tributyl-hexylphosphonium 2.416 |31
88 [P1a4a) tributyl-methylphosphonium 2.315 |34
89 [Paaas) tributyl-octylphosphonium 2.397 |34
90 [Pas] triethyl-octylphosphonium 2.110 |30
91 [Pa2.12] triethyl-bihexylphosphonium 2.255 |30
92 [Pa2.101] triethyl-methoxymethylphosphonium 1.544 |30
93 [P222201] triethyl-methoxyethylphosphonium 1.643 {30
94 [Piiid trimethyl-hexylphosphonium 2.176 |14
95 [P2225] triethyl-pentylphosphonium 1.944 30
1 [CCFypy] 1-ethyl-3-(trifluoromethyl)pyridinium 2.136 |24
2 [C,'CFpy) 1-ethyl-4-(trifluoromethyl)pyridinium 1.924 |24
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3 [C4Cipy] 1-butyl-3-methylpyridinium 1707 | 1

4 [secC4Cipyr] N-methyl-S-butylpyrrolidinium 1.698 |35

5 [CsCipyr] 1-pentyl-1-methylpyrrolidinium 1812 35

6 [CCipyr] 1-hepyl-1-methylpyrrolidinium 1.929 135

7 [CsCipyr] 1-octyl-1-methylpyrrolidinium 2.000 |35

8 [CioCipyr] 1-decyl-1-methylpyrrolidinium 2.103 |35

9 Ninio) N,N,N-trimethyl-N-decylammonium 2.238 |36

10 [N1444] N,N,N-tributyl-N-methylammonium 2.586 (37

11 [Nygz,m] triethyl-[(1R,2S,5R)~(-)-menthoxymeth 2.942 (38

ylJammonium

12 [Nyz2,m] methyl-diethyl-[(1R,2S,5R)-(-)-menthoxymethyl]amm| 2.877 |38
onium

13 [Ni12,m] ethyl-dimethyl-[(1R,2S,5R)-(-)-menthoxymethyl]amm| 2.853 |38
onium

14 [N114,m) butyl-dimethyl-{(1R,2S,5R)~(-)-menthoxymethyl]amm| 2.872 |38
onium

15 [N116,m] hexyl-dimethyl-[(IR,2S,5R)-(-)-menthoxymethyl]am | 2.888 |38
monium

16 [Nyy7,m] heptyl-dimethyl-[(1R,2S,5R)-(-)-menthoxymethyl]am | 2.895 |38
monium

17 [Ny13,m] octyl-dimethyl-[(1R,2S,5R)~(-)-menthoxymethyl]amm| 2.906 |38
onium

18 [Ni19,m] nonyl-dimethyl-[(IR,28,5R)~(-)-menthoxymethyl]am | 2.918 |38
monium

19 [Ni1.10m} decyl-dimethyl-[(1R,2S,5R)-(-)-menthoxymethyl]am | 2.924 |38
’ monium

20 INiiiml undecyl-dimethyl-[(1R,2S,5R)-(-)-menthoxymethyl]am | 2.926 |38
monium

21 [C5Ci0x] N-propyl-N-methyloxazolidinium 2.531 139

22 [C;mim] 1-ethyl-3-methylimidazolium 1415 |1

23 [Cymim] 1-butyl-3-methylimidazolium 1.590 140

24 {Cemim)] 1-hexyl-3-methylimidazolium 1.749 | 3

25 [Cyomim] 1-decyl-3-methylimidazolium 1.993 141

26 [C4Cimim] 1-butyl-2,3-dimethylimidazolium 1.863 | 2

21 [CCmim] 1-hexyl-2,3-dimethylimidazolium 2.004 | 1

28 [Cey] 1-hexylpyridinium 1.806 | 1

29 [C63C1py] 1-hexyl-3-methylpyridinium 1826 | 1

30 [C&’Cipy] 1-octyl-3-methylpyridinium 1.944 | 1

31 [C(,3 C.sClpy] 1-hexyl-3,5-dimethylpyridinium 1.908 | 1

32 [C.;‘(C,C,N)py] 1-hexyl-4-(dimethylamino) pyridinium 1934 |1

33 [(C4HyCOO)Capy] 1-butyl-nicotinic acid butyl ester 2579 |1

34 [CECIC Copy) I-hexyl-2-propyl-3,5-diethylpyridinium 2.190 | 1

35 | [CSCHCICN)py] 1-hexyl-3-methyl-4-(dimethylamino)pyridinium | 1.940 | 1

85




TR T KB LR L

36 [C;Cipyr] 1-propyl-1-methylpyrrolidinium 1.672 |35
37 [C,Cipyr] 1-butyl-1-methylpyrrolidinium 1.778 |35
38 [CeCipyr] 1-hexyl-1-methylpyrrolidinium 1.881 |35
39 [C5Cipip] 1-propyl-1-methylpiperidinium 1.998 140
40 [S22] triethylsulfonium 1.447

41 [S11,CH,C=CH]} dimethylpropargylsulfonium 1.944

42 [S11,CH,COOC,Hs) (ethoxycarbonylmethyl)dimethylsulfonium 2.127

43 [Nyl N,N,N-trimethyl-N-propylammonium 1775 |29
44 [Nisss] N,N,N-trioctyl-N-methylammonium 2.556 | 4
45 Nazs] N,N,N-triethyl-N-pentylammonium 2.104 |42
46 Nl N,N,N-trimethyl-N-butylammonium 1.851 |36
47 INiel N,N,N-trimethyl-N-hexylammonium 2 |36
48 [Naazsl N,N,N-triethyl-N-hexylammonium 2.223 36
49 | [Nyj,(CH),00CCH;) acetylcholine 2,104 | 2
50 [Ni134d] N, N-dimethyl-N-isopropyl-N-butylammonium 1.929 |36
51 [Ni136] N,N-dimethyl-N-hexyl-N-isopropylammonium 2.1 {36
52 N30 N,N-dimethyl-N-decyl-N-isopropylammonium 2.262 |36
53 | [C,,CH,CH,OCH(CF); |N-(5-ethoxy-1,1,2,2,3,3,4,4-octafluoro-pentane)-N-met| 2.987 |39

CHF ;mo] hylmorpholinium

54 [Pess.14] trihexyl-tetradecylphosphonium 2,386 |43
55 [P222s] triethyl-pentylphosphonium 1.833 {42
1 [Comim] 1-ethyl-3-methylimidazolium 1279 41
2 [Cymim] 1-butyl-3-methylimidazolium 1462 | 2
3 [Cemim] 1-hexyl-3-methylimidazolium 1.568 | 1
4 [Comim] 1-decyl-3-methylimidazolium 1.862 |41
5 [C4Cimim] 1-butyl-2,3-dimethylimidazolium 1.716 | 2
6 [CsCimim) 1-hexyl-2,3-dimethylimidazolium 1.799 | 1
7 [Cepy] 1-hexylpyridinium 1.623 | 1
8 [C/CFpy] 1-ethyl-3-(trifluoromethyl)pyridinium 1.886 |24
9 [C,'CF;py] 1-ethyl-4-(trifluoromethyl)pyridinium 1.708 |24
10 [CCipy] 1-butyl-3-methylpyridinium 1.531 | 1
1 [C’Cipy] 1-hexyl-3-methylpyridinium 1643 | 1
12 [C&’Cipy] 1-octyl-3-methylpyridinium 1.748 | 1
13 [C6’Ci’Cipy] 1-hexyl-3,5-dimethylpyridinium 1716 | 1
14 [C&C,’C,°Cipy] 1-hexyl-2-ethyl-3,5-dimethylpyridinium 2025 | 1
15 [Cs4(C,C\N)py] 1-hexyl-4-(dimethylamino) pyridinium 1.732 | 1
16 [(CsHy,COO)Capy] 1-butyl-nicotinic acid butyl ester 2307 | 1
17 [C6*C5°C,°Cipy] 1-hexyl-2-propyl-3,5-diethylpyridinium 1959 | 1
18 [C53C,4(C|C|N)py] 1-hexyl-3-methyl-4-(dimethylamino)pyridinium 1.74 |1
19 [C4Cipyr] 1-butyl-1-methylpyrrolidinium 1.615 {13
20 [S22} triethylsulfonium 1322 |2
21 [S11,CH2C=CH] dimethylpropargylsulfonium 1.806

22 | [S;;,CH2COOC2HS] (ethoxycarbonylmethyl)dimethylsulfonium 1.949
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23 [Nsss) N,N,N-trioctyl-N-methylammonium 2.303
24 | [Np1,(CH;),00CCH;] acetylcholine 1.949
25 [Ni11,30C1]) N,N,N-trimethy}-N~(3-chloro-2-hydroxypropyl)ammo | 2.179
nium
26 [Pess.14] trihexyl-tetradecylphosphonium 2.176 |44
27 [(CsCe)a(C)):gual [bis(dihexyl)]dimethylguanidinium 243 |35
1 [Comim] 1-ethyl-3-methylimidazolium 1176 | 1
2 [Cymim] 1-butyl-3-methylimidazolium 1.305 (45
3 [Cgmim] 1-hexyl-3-methylimidazolium 142 |3
4 [C4Cimim] 1-butyl-2,3-dimethylimidazolium 158 |2
5 [C¢Cymim] 1-hexyl-2,3-dimethylimidazolium 1.623 | 1
6 [Cepy] 1-hexylpyridinium 1462 | 1
7 [C23CF3py] 1-ethyl-3-(trifluoromethyl)pyridinium 1.69 (24
8 [C;"CF;,py] 1-ethyl-4-(trifluoromethyl)pyridinium 1.531 |24
9 [Ca’Cipy] 1-butyl-3-methylpyridinium 1.38 |45
10 [Ce’Cipyl 1-hexyl-3-methylpyridinium 1477 {1
11 [Cs’Cipy] 1-octyl-3-methylpyridinium 1431 |1
12 [CCi°Cipy] 1-hexyl-3,5-dimethylpyridinium 1.544 | 1
13 [CEC’C°Cipy) 1-hexyl-2-ethyl-3,5-dimethylpyridinium 1.806 | 1
14 [C6*(C,CiN)py] 1-hexyl-4-(dimethylamino) pyridinium 1.556 | 1
15 [(C4H,COO)Cpy] 1-butyl-nicotinic acid butyl ester 2.068 | 1
16 [C&C5C,°Capy] 1-hexyl-2-propyl-3,5-diethylpyridinium 1756 | 1
17 [C63C|4(C1C1N)py] 1-hexyl-3-methyl-4-(dimethylamino)pyridinium 1.568 | 1
18 [C4Cipyr] 1-butyl-1-methylpyrrolidinium 1.462 |13
19 [C1(202)pyr] 1-(ethoxyethyl)-1-methylpyrrolidinium 1.330 | 6
20 (Sa22] triethylsulfonium 1.23 |2
21 [S11,CH,C=CH] dimethylpropargylsulfonium 1.681 | 2
22 [811,CH,COOC,Hs] (ethoxycarbonylmethyl)dimethylsulfonium 1.792 | 2
23 [Nisss] N,N,N-trioctyl-N-methylammonium 2.084 | 4
24 [N1444] N,N,N-tributyl-N-methylammonium 2 |6
25 [Naass] N,N,N-tributyl-N-hexylammonium 2.103 |1 6
26 | [N111,(CH;),00CCH;] acetylcholine 1.806 | 2
27 [N111,30C1] N,N,N-trimethyl-N~(3-chloro-2-hydroxypropyl)ammo | 2.041 | 2
nium
28 [(CsCe):(C1)gua] [bis(dihexyl)]dimethylguanidinium 2.260 |35
[CH,BrCHBrCH,mim] 1-(2,3-dibromopropyl)-3-methylimidazolium 1.979 |46
[CBrF,CBrF(CH,),;mim] 1-4(2,3-dibromopropyl)-3-methylimidazolium 1.951 |46
[(CH,BrCHBICH,),mim( | 1-(2,3-dibromopropyl)-3-methyl-4,5-dibromoimidazol | 2.994 |46
Bry)] um
4 |[(CBrH=CBrCH,)(CH,Br| 1-(trans-2,3-Dibromoallyl)-3-(2',3'-dibromopropyl)imi| 2.492 |46
CHBrCH,)im} dazolium
5 | [(CH,BrCHBIrCH,),im] 1,3-di(2,3-dibromopropyl)imidazolium 3.029 |46
6 | [(CH,BrCHBrCH)(CH, |1-(1,2-dibromoethyl)-3-(2',3"-dibromopropyl)imidazoli| 3.095 |46
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BrCHBr)im] um
[(CF,BrCBrFCH,CH,)(C} 1-(2,3-Dibromopropyl)—3-(3',4'-dibromo-3',4',4'-triﬂuo 3.043 (46
,BrCHBrCH,)im] robutyl)-3-imidazolim

8 [Cmim] I-ethyl-3-methylimidazolium 1079 | 1
9 [C4mim] 1-butyl-3-methylimidazolium 1.23 |2
10 [Cemim] 1-hexyl-3-methylimidazolium 1.283 | 3
11 [C4Cymim] 1-butyl-2,3-dimethylimidazolium 1462 | 2
12 [C¢Cimim] 1-hexyl-2,3-dimethylimidazolium 1477 | 1
13 [Cepyl 1-hexylpyridinium 1.322 | 1
14 [C’CFspy] 1-ethyl-3-(trifluoromethyl)pyridinium 1.519 (24
15 [C24CF3py] 1-ethyl-4-(trifluoromethyl)pyridinium 1.362 |24
16 [C’Cipy] 1-butyl-3-methylpyridinium 1255 | 1
17 [Cs*Cipy] 1-hexyl-3-methylpyridinium 1342 | 1
18 [Cg’Clpy] 1-octyl-3-methylpyridinium 1415 | 1
19 [Ce’Ci°Cipy] 1-hexyl-3,5-dimethylpyridinium 138 | 1
20 [C&C,°C°Cipy) 1-hexyl-2-ethyl-3,5-dimethylpyridinium 1623 | 1
21 [C6(C1CIN)py] 1-hexyl-4-(dimethylamino) pyridinium 1.398 | 1
22 [(C4HsCOOYC4pyl 1-butyl-nicotinic acid butyl ester 1.863 | 1
23 [C6XC5C,°Capy] 1-hexyl-2-propyl-3,5-diethylpyridinium 1.591 | 1
24 [C(,3 C.*(C,CiN)py] 1-hexyl-3-methyl-4-(dimethylamino)pyridinium 1415 1
25 [C4Cipyr} 1-butyl-1-methylpyrrolidinium 1.326 |13
26 {S22] triethylsulfonium 1.114 | 2
27 [S11,CH2C=CH] dimethylpropargylsulfonium 1.580 | 2
28 | [S1,CH2COOC2HS) (ethoxycarbonylmethyl)dimethylsulfonium 1.613 | 2
29 [Niggs) N,N,N-trioctyl-N-methylammonium 1.89 |4
30 [(CeCo)a(Ci)ogua) [bis(dihexyl)]dimethylguanidinium 2.093 (35
1 [Comim] I-ethyl-3-methylimidazolium 0954 |1
2 [Cymim] 1-butyl-3-methylimidazolium 1.146 | 2
3 [Csmim] 1-hexyl-3-methylimidazolium 11643
4 [C4Cimim] 1-butyl-2,3-dimethylimidazolium 1342 | 2
5 [C6Cymim] 1-hexyl-2,3-dimethylimidazolium 1.352 1
6 [Cepy] 1-hexylpyridinium 1.204 | 1
7 [C,’CF3py] 1-ethyl-3-(trifluoromethyl)pyridinium 1.342 |24
8 [C,*CF3py] 1-ethyl-4-(trifluoromethyl)pyridinium 1.204 |24
9 [CCipy] 1-butyl-3-methylpyridinium 1.146 | 1
10 [CECipy] 1-hexyl-3-methylpyridinium 1204 | 1
11 [Cs’Cipy] 1-octyl-3-methylpyridinium 1.279 | 1
12 [CEC’Cipy] 1-hexyl-3,5-dimethylpyridinium 1.255 | 1
13 [C61C°C,°Cipyl 1-hexyl-2-ethyl-3,5-dimethylpyridinium 1462 | 1
14 [Ce(C1CIN)pY] 1-hexyl-4-(dimethylamino) pyridinium 1176 | 1
15 [(CH,COO)C py] I-butyl-nicotinic acid butyl ester 1681 |1
16 [C62C33C25C2py] 1-hexyl-2-propyl-3,5-diethylpyridinium 143111
17| [CSCHCICN)py] 1-hexyl-3-methyl-4-(dimethylamino)pyridinium | 1.279 | 1
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18 [CsCipyr] 1-butyl-1-methylpyrrolidinium 1.207 |13
19 (Sa2) triethylsulfonium 1.041 | 2
20 [S11,CH2C=CH] dimethylpropargylsulfonium 1477 | 2
21 [S11,CH2COOC,Hs) (ethoxycarbonylmethyl)dimethylsulfonium 1462 | 2
22 | [Ni11,(CH,),0O0CCH;] acetylcholine 1.544 | 2

? The values in italic are testing data and the other are training data; for one viscosity, when several

values from different publication sources are found, one value is selected based on the agreement

between those values, coupled with the purity, publication date, impact factor of journal.
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Table S6 References for the viscosity data of cation-based ILs

(11

Crosthwait J M, Muldoon M J, Dixon J K, Anderson, J L.; Brennecke J F J. Chem. Thermodyn.,
2005, 37:559-568.

(2]

Okoturo O O, VanderNoot T J J. Electroanal. Chem., 2004, 568:167-181.

[3] | WidegrenJ A, Magee J W J. Chem. Eng. Data., 2007, 52:2331-2338.

[4] | Froba AP, Kremer H, Leipertz A .J. Phys. Chem. B., 2008, 112:12420-12430.

[5) | Hardacre C, Holbrey J D, Katdare S P, Seddon K R. Green Chem., 2002, 4:143-146.

[6] Funston A M, Fadeeva T A, Wishart J F, Castner E W,, J. Phys. Chem. B., 2007, 111:
4963-4977.

{71 | Kulkamni P S, Branco L C, Crespo J G, Nunes M C, Raymundo A, Afonso C A M. Chem. Eur.
J., 2007, 13: 8478-8488 .

[8] | Bini R, Malvaldi M, Pitnerb W R, Chiappe C. J. Phys. Org. Chem., 2008, 21:622-629.

[9] | Del Sesto R E, Corley C, Robertson A, Wilkes J § J. Organomet. Chem., 2005, 690: 2536-2542.

[10] | Evans R G, Klymenko O V, Hardacre C, Seddon K R, Compton R G J. Electroanal. Chem.,
2003, 556: 179-188.

[11] | Gan Q, Rooney D, Xue M L, Thompson G, ZouY R. J. Membr. Sci., 2006, 280: 948-956.

[12] | Paul A, Samanta A. J. Phys. Chem. B., 2007, 111: 4724-4731.

[13] | Pereito A B, Veiga H I, Esperanca J M, Rodriguez A J. Chem. Thermodyn., 2009,
41:1419-1423.
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Table S7 Viscosity Data of set V and set VI of ILs for QSPR (n in 10°Pa-s)*

no. full name of anion logn ref.
\'f 1 1-butyl-3-methylimidazolium 1.568 1
2 1,3-dimethylimidazolium 2.000 2
3 1-butyl-3-methylimidazolium 2,255 3
4 1-propyl-3-methylimidazolium 2,012 1
5 1-hexyl-3-methylimidazolium 2342 4
6 1-octyl-3-methylimidazolium 2.347 5
7 1-butyl-2,3-dimethylimidazolium 2.385 6
8 1-(hydroxyethyl)-3-methylimidazoilum 1.850 7
9 1-isobutenyl-3-methylimidazolium 2.073 8
10 1-ethylnitrile-3-methylimidazolium 1.816 9
11 1-propylnitrile-3-methylimidazolium 2.361 9
12 1-butylnitrile-3-methylimidazolium 2.742 9
13 1,3-di(propyloxymethyl)imidazolium 2.219 10
14 1,3-di(butyloxymethyl)imidazolium 2.496 10
15 1-butylpyridinium 2.161 11
16 1-octylpyridinium 2.368 12
17 1-butyl-2-methylpyridinium 2.590 13
18 1-butyl-4-methylpyridinium 2.221 11
19 1-octyl-3-methylpyridinium 2.302 11
20 1-(methoxymethyl)-1-methylpyrrolidinium 2.703 14
21 1-(methoxyethyl)-1-methylpyrrolidinium 2.000 15
22 N,N-dimethyl-N-(2-methoxyethyl)-N-ethyl ammonium 2.328 15
23 N, N-diethyl-N-methyl-N-(2-methoxyethyl) ammonium 3.079 16
24 N,N-dimethyl-N-(2-methoxyethy!)-N-ethyl ammonium 2.525 17
25 caprolactam 2.701 18
26 pyrrolidonium 2.544 16
27 N-methoxyethyl-N-methyloxazolidinium 2.847 15
VI 1 1-butyl-3-methylimidazolium 1.267 17
2 1-hexyl-3-methylimidazolium 1.459 16
3 1-octyl-3-methylimidazolium 1.675 18
4 1-decyl-3-methylimidazolium 1.531 18
5 1-butyl-2,3-dimethylimidazolium 1.880 18
6 1-benzyl-3-methylimidazolium 1.827 19
7 1,3-dibenzylimidazolium 1.602 18
8 1-butyl-3-methylpyridinium 2.305 18
9 1-ethyl-1-methylpyrrolidinium 1.559 20
10 1-propyl-1-methylpyrrolidinium 1.439 21
11 1-butyl-1-methylpyrrolidinium 1.653 10
12 1-hexyl-1-methylpyrrolidinium 1.562 16
13 trimethylsulfonium 1.653 10
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14 triethylsulfonium 1.434 22
15 triethylsulfonium 1.320 22
16 methyldipropylsulfonium 1.469 22
17 ethyldimethylsulfonium 1.403 22
18 methyldiethylsulfonium 1.359 22
19 ethyldibutylsulfonium 1.713 22
20 methyldibutylsulfonium 1.778 | 22
21 ethyldipropylsulfonium 1.468 22
22 N,N,N-trioctyl-N-methylammonium 2477 18
23 1-ethyl-2-methylpyrazolium 1.390 21
24 [bis(dihexyl)]dimethylguanidinium 2426 18

? The values in italic are testing data and the other are training data; for one viscosity, when several
values from different publication sources are found, one value is selected based on the agreement

between those values, coupled with the purity, publication date, impact factor of journal.

93



JeF AT AR LA L

Table S8 References for the viscosity data of set V and set VI of ILs for QSPR
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(1]
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molecular solvents[J]. J Solution Chem. 2009, 38:589-600.
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