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Synthesis of Multi-ion IL system 1a

A stock solution of a 1:1 (mol/mol) mixture of allyl bromide (Aldrich, 99%,
Reagent Plus®) and n-bromopropane (Aldrich, 99%) was prepared by combining
30.64g (0.2534 mol) of the former with 31.15g (0.2534 mol) of the latter. This
gives a two-component alkylating reagent which has an average molecular
weight of 121.99g/mol [{allyl bromide FW (120.98) + n-bromopropane FW
(122.99)}/2].

A 250 mL single-neck, round-bottomed flask was charged with a magnetic stir
bar. Imidazole (7.71g, 0.1133 mol, Aldrich, 99%, Reagent Plus®) was then added,
along with 12.02g (0.1133 mol) anhydrous Na,CO; (Fisher Scientific, Lab Grade,
>95%). To the mixed solids was then added 125 mL acetonitrile (Fisher Scientific,
ACS Reagent Grade) and 27.65g (0.2266 moles) of the two-component alkylating
reagent previously prepared (vide supra). The mixture was then fitted with a
water-cooled condenser (capped with a CaCl,-charged drying tube) and a heating
mantle. The entire assembly was then secured to a magnetic stirrer which was
then set to stir at 510 rpm. The mixture was heated to and maintained at 45° C.
After 12 h a small sample of the solution was withdrawn, the acetonitrile
evaporated, and the *H-NMR checked. It revealed conversion to be incomplete.
Consequently, heating was continued for another 24 h (36 h total heating), at
which time an NMR of the reaction mixture indicated that the reaction had
reached completion. During the reaction period the suspended solid present
(begins as Na,COs3) changed in appearance into a much finer-looking powder
which accumulated at the flask sides (assumed to be NaBr and NaHCO;).

After cooling, the acetonitrile was removed in vacuo, leaving a pasty residue. A
brisk stream of clean, compressed air was blown into this mass for 24 h to
remove any residual molecular materials. The mixture was then taken up into
100 mL of hot, de-ionized water and stirring commenced. To this was added 40.0
g (0.125 mol) of solid KTf,N [prepared in our laboratory by the neutralization of
80% aqueous HTf;N (lolitec USA) with KOH]. As the KTf,N dissolved a copious
quantity of a dense, pale-ivory liquid separated from the aqueous solution.

After stirring overnight, the dense IL layer was separated, diluted with 200 mL of
CH,Cl,, and the solution dried with anhydrous Na,SO,. Filtration of this
suspension, followed by evaporation of the CH,Cl,, gave the final IL 1a.
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ADDITIONAL NOTES:

We have made 1a and a number of other mixed-ion systems as of this writing.
On occasion, when the alkylating agent mix employs an alkyl iodide, the final
product has a medium to dark yellow color. This discoloration can often be
diminished by dissolving the IL in methanol (specifically), heating to a boil, adding
decolorizing carbon, and stirring overnight. Removal of the charcoal by filtration
followed by removal of the methanol in vacuo gives a product with less color.

In repeated preparations of 1a and other multi-imidazolium ion systems, we
have generally found it advantageous to utilize 2.05-2.10 equivalents of the
alkylating reagent relative to imidazole being employed. Even when the
alkylating reagent component materials have relatively high boiling points, the
excess is readily removed by the compressed-air treatment described.

For the repeat preparations of 1a, two different batches of alkylating agent were
prepared, one using reagents from TCl, and the other using TCl and Aldrich
reagents together. Our aim was to introduce into the preparation opportunities
for variation between the batches in order to gauge how sensitive to such
variables our approach is with regard to being able to reproducibly generate a
multi-ion system of consistent composition.

At the end of the reflux period, the precipitated NaBr and NaHCO; can be
removed by filtration prior to removal of the acetonitrile in vacuo. However, we
have not observed any improvement in the overall product quality or yield as a
result of doing so.

Alkyl chlorides have been used successfully in conjunction with the present
synthetic rubric. However, reactions in which they are used should be
periodically assessed by NMR to gauge the extent of reaction. We have observed
that reactions in which chlorides are employed can take up to 48 h to reach
completion.



Procedures similar to the one used here have been reported before as a means
to prepare N,N-dialkyl imidazolium salts for IL and imidazolidene-carbene
applications (see references below). However, we have expressly found several
of these have procedural elements that do not work well in our hands. Two of
these of particular note are:

*The use of bicarbonate salts (rather than carbonate salts) as the base; in our
hands, multi-ion ILs prepared in this way routinely did not reach completion, and
were intractably contaminated with various partly-alkylated
imidazole/imidazolium species.

*The use of secondary alkyl halides as alkylating agents. In our hands,
elimination (dehydrohalogentation) was a serious competing reaction to
alkylation, and routinely led to overall incomplete alkylation and impure multi-
ion mixtures.
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Field strength = 11.7473579([T] (500[MH
Y X_acq_duration = 0.83361792(s)
29 13¢
= 125.76529768 [MHz]
100 ippm1
24 33768
p = 1.19959034[Hz]
S - is.aosnul)u-u]
Zau
500.15991521 [MHz]
= 5.0 [ppm]
FAL!
- < Joza
= = 1024
- = 12.13[us]
s Z 0.83361792(s)
<4 = 30 [deg]
g__. = 4.04333333[us]
3 = 21[daB]
B ] = 21(as)
= Irr_noise = WALTZ
‘a Decoupling = TRUE
g . Initial wait = 1(s)
B 27 Noe = TRUE
s J Noe_tis = 2(8]
Recvr_gain - 60
Relaxation _delay =
e S e T prampa -t
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Atlantic Microlab, Inc.

Jo. JD@prI Allyl 1 Batch C

Company/School University of South Alabama

antic Blvd. Suite M Dept. Chemistry

s, GA 30071 Address Chem 223, USA Campus

anticmicrolab.com A
City, State, Zip Mobile, AL, 36688

Davis Name James Davis Date 06/04/2015

r/Supervisor:
o#

Phone (251) 761-0520

Single Duplicate []

ant Theory Found

Elements C,HN,0,S,F
' 30.63 WET Present:

Analyze cHN
| 3.51 351 for:

Hygroscopic[_] Explosive []
M.P, .LIQuID B.P. NONE

| 9.74 EL To be dried: Yes [X] No

Temp. .60 Vac‘HIGHD]'ime >4 HRS

Rush service guarantoes analyses will be
RUSh Seerce completed end results avallable by § PM EST

T - on the day the sampls Is received by 19 AM,
Include Email Address or FAX# Below

jdavis@southalabama.edu

e __JUN 08 2015 e conees_ JUN 08 2015

Kks: i . baut}
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X : parts per Million : 1H

Z7PK_Alkyl-D2_7.2.15_PROTON-2.jdf - .
d |d
=7
' N
———JAGUARS
=
“
Filename = PK_Alkyl-D2_7.2.15_PR
b 4 Author = Jim Davis
3 Experiment = single_pulse.ex2
Sample_id = PK_Alkyl-D2_7.2.15
® Solvent = CHLOROFORM:
- Changer_sample =9
- Creation_time = 2-JUL-2015 11:54:47
Rev: on_time = 2-JUL-2015 11:45:09
Current_time = 2-JUL-2015 11:45:09
Data_format = 1D COMPLEX
Dim_size = 13107
Dim_title = 1H
Dim_units = [ppm]
= = Dimensions - x
b 53 site = ECA 500
8 =
z 3 Field strength = 11.7473579[T] (500 ([MH
- 5 X_acq_duration = 1.74587904([s]
x_d = 1H
X_freq = 500.15991521 [MHz]
X_offset = 5.0([ppm]
n oints = 16384
i X_prescans =1
ﬁ X_resolution = 0.57277737 [Hz]
X_sweep = 9.38438438 [kHz]
Irr_domain = 1H
Irr_freq = 500.15991521 [MHz]
Irr_offset = 5.0[ppm]
Tri_domain =1
S Tri_freq = 500.15991521 [MHz]
- Tri_offset = 5.0(ppm)
1ipped = FALSE
Mod_return =1
Scans = 16
Total_scans = 16
X_90_width = 14.59 [us]
w X_acq_time = 1.74587904[s]
@ X_angle = 45(deg]
3 X_atn = 5[dB)
g X_pulse = 7.295(us]
.5 2| rrr_mode = Off
-1 ei| Tri_mode = Off
.E Dante_presat = FALSE
a Initial_wait = 1(s]
=) | S Recvr_gain =14
Relaxation delay = 4([s)
. | : . T . . : Repetition_time = 5.74587904[s]
11.0 10.0 s0 80 5.0 40 3.0 2.0 Texp_get =31.e1acl
/\ 2 \ JA\
zg g ER3 2% 23 g &g g
g3 g § 2 83 3§ 2% 5 8R 3
s e @ <+ we IS RRERE] T
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-
"
£
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3
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4 b
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i
e
=
= 2
1 1 t )
° J s l
T T T T T T
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§ 5 33 g 481 e g
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abundance
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|
=~ |
i e
ok SourafLreameg
@] JAGUARS |
i |
e |
- Filename = PK_D2-Br-no-diallyl-7 |
] Author = Jim Davis
- Experiment = single_pulse_dec
- Sample_id = PK_D2-Br-no-diallyl-7
Solvent = CHLOROFORM-D
r_sample =7
24 Creation_time =  1-JUL-2015 12:47:30
Revision_time = 1-JUL-2015 12:37:57
| Current_time = 1-JUL-2015 12:37:57
]
2ol Data_format = 1D COMPLEX
Dim_size = 26214
- Dim _title =
Dim_units = Ippml
Dimensions -
=] sit = ECA 500
Field strength = 11.7473579[T] (500 [MH
| X_acq_duration = 0.83361792(s)
domain = 13C
= 125.76529768 [MHz)
2 = 100 (ppm]
- 68
=4 = 1.19959034 [Hz]
e = 39.3081761 [kHz]
= 1H
e 500.15991521 [MHz]
s 5.0 (ppm)
= FALSE
27 = 1024
= 1024
=7 12.13[us]
0.83361792(s)
30 [de
2] [deg]
0 4.04333333 [us]
= 21([as]
3 e~ Irr_at; o8 = 21([aB]
®. Irr_noise = WALTZ
Decoupling = TRUE
- Initial_wait = 1[s]
= S, Noe -
] y Noe._t = 2[81
e Recvr_gain = 60
Relaxation delay = 2[s
s ; ; ; ; : : y ; . ; . ; : . i . . : | Repetition time = 2.83361792(s]
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L A AR A A A | = JETOI \
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N
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b e g = 1 s g ‘
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Atlantic Microlab, e —

e No.[ P-2JTf2N

Atlantic Blvd. Suite M
oss, GA 30071
itlanticmicrolab.com

Davis

Dept.

Company/School University of South Alabama

Chemistry

Address
City, State, Zip

Chem Bldg 223 6040 USA Driver sF th
Mobile, AL 36688

Name

Jim Davis Date 07./01/201 5

'sor/Supervisor:
CC# Z 154679

Phone

(251) 751-0520 \

nent Theory ;

Found

Single [X] Dupiicate ]

C A=

3039

Elements CHNSOF

H 32

320

969

967

Present:
Analyzé cHN
for:
Hygroscopic[] Exploswe ]
M.P. Loub B.P. NONE

To be dried: Yes [X] No

Tem 60C \lac H'GHETime 4HRS
Rush Service [X] - wnundmmmumsmssr

NOCHARGE FC

R DUFLICATES |

Is receved by 11 AM.

Include Email Address or FAX # Below

jdavis@southalabama.edu

J 0 2 2015

3 Received [

JuL 02205 —

Date Completed __
rarks:
THe THEORETCML JALUES WERE . M1S-CALCULATED, (/SD
ACTURL THZIORZTICAL VALUSs HRE C: 30 L8, U 3. 3>
[ PK_Alkyl-D3-NTf2_7.1.15_PROTON~-2.jdf "
i
=
= |
=7 |
=
=
=
=
Filename = PK_Alkyl-D3-NTf2_7.1.
Author = Jim Davis
Experiment = single_pulse.ex2
- Sample_id = PK_Alkyl-D3-NTf2 7.1.
=24 = ] Solvent = CHLOROFORM-D
= of < Changer sample =8
- Creation_time = 1-JUL-2015 11:52:28
Revision_time = 1-JUL-2015 11:42:56
Current_time = 1-JUL-2015 11:42:56
a Data_format = 1D COMPLEX
i Dim_size = 13107
Dim_title - 1H
] Dim_units = [ppm]
Dimensions - x
;f imensi.
Site = ECA 500
3 a
i) Field strength = 11. 7473579['” (500 [MH
X_acq_duration - 1 74587904 [ i
X_e -
2 0 X_freq = 300.15991521 ) |
4 3 X _offset - 5 0 [ppm])
24 = ointas 638 |
X prescans
X_resolution = 0.57277737[uz] |
X_sweep o 3 38438438 ez
Irr_ domain -
Irr_ freq = 500 15991521 [MHz)
= 5 Irr_offset = 5.0(ppm]
“ : Tri_domain - 1H
a Tri_freq = 500.15991521 [MHz]
Tri_offset - 5 3 F]
- Clipped
I Mod_return %7
=1 = ans = 16
i Total_scans = 16
X_90_width = 14.59[
X_acq_time = 1. 7‘55‘!90‘ (81
4 X_angle = d5idea)
5 X_atn
g 27 3 & | X_pulse = 7.295[us]
k| i | Irr_mode - off
-1 Tri_mode = Off
H Dante_presat = FaLsE
Cl Initial_wait = 1[s]
L Recvr_gain 18
A | Relaxation. dal!y = 4[s)
: - : T T . T . T . . T = iontime = 5.74397004()
11.0 10.0 %0 80 W7 6.0, PR 4.0 3.0 20, 10, o enp_ge
A /N A A VANAN AN |
s - o0 e sy g S e g
2 ] 28 2% 3 2 g 89 5
7 883 £8 B8 8% 33 dEE &5 :
a3 R 5390 39 55 ] 2= e
X : parts per Million : 1H
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PK_Alkyl-D3-NT2_7.1.15_PROTON=4.jdf

e
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PK_Alkyl-D3-NTf2_7.1.15_CARBON-2.jaf
7
Vs
JAGUARS
=i -
=
Filename = PK_Alkyl-D3-NTf£2_7.1. ‘
Author = Jim Davis
Experiment = single_pulse_dec ‘
Sample_i = PK_Alkyl-D3-NTf£2_ 7.1.
Solvent = CHLOROFORM-D
or_sample -
Creation_time = 1-JUL-2015 18:04:35
Revision_time = 1-JUL-2015 17:55:02
Current_time = 1-JUL-2015 17:55:02
Data_format = 1D COMPLEX
Dim_size = 26214
Dim_title = 13C
Dim_unit: = [ppm)
37 Dimensions - X
site = ECA 500
Field strength = 11.7473579([T] (500(MH |
= 0.83361792(s] |
= 13C |
= 125.76529768 [MHz]) |
= 100 [ppm] |
J 24 [
= 1.19959034 [Hz] |
= 39.3081761 [XxHz]
=i
1 = 500.15991521 [Miz]
E| = 5.0 [ppm]
= w
3_ = 1
= 1024
Total_scans = 1024
X_90_width = 12.13([us]
= 0.83361792(s)
= 30[deg)
= 6ras)
= 4.04333333(us)
= 2i[an]
M = 21[as)
- d
g = TRUE
3 2 Gnow
< = 28]
N _gain = 60
Relaxation delay = 2([s]
T T - T T T r . T T . . T T . | Repetition time = 2.83361792(s]
190.0 180.0 170.0 160.0 150.0 140.0 m)J.o y‘n.o 1100 1000 900 800 70.0  60.0 100 0 |Temo-get = 22.21d0)
szagan i &
EEFEREH 1 2
EEEREEEE RR €
X : parts per Million : 13C
Alkyl-D3-NTf2_7.1.15_CARBON-3,jdf
=
=
=
i
=
5
H
= .

T T T T T T T T T T T T T T T T T T T T T T T T
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J

72

j rd
E EH 3 dddd 4 | E

X : parts per Million : 13C
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Smpl 1c

1c#101-115 RT-0.36-041 AV: 15 SB: 19 0.13-020 NL: 4.02E7
T: MMS + p ESI Full ms [120.00-350.00]
153.08
100

16117

Relative Abundance
3
I

T T T T
1%{) 140 160 180 200 220 240 260 280 300
miz

Atlantic Microlabh, Inc.

Company/School University of South Alabama
Dept Chemistry

No.@)ﬁzm

antic Blvd. Suite M
s, GA 30071

anticmicrolab.com ‘ Address Chem Bldg 223 6040 USA Drive South
City, State, Zip Mobile, AL 36688 .
ir/Supervisor: Name Jim Davis Date07/01/2015
S . Phone (261) 761-0520
:nt | Theory Found Single[] __ Duplicate [ ]
Elements CHNOSF
awD 4734 s 055 Present:
; Analyze CHN
aw) 644 aee 352
Wgro;ﬁcoplc!j Explos:ve ]
964 B.P. NONE
M 13.32 aes To be dried: Yes !Z] No []
/]\ Temp‘ 60C ac_H|GH Time 4 HRS_____
: NOCHARGE FOQE DU FLICAT ES | Rush Service mﬁ:ﬂrammﬁr
on the day the sample Is recaived by 11 AM.
Include Email Address or FAX # Below
/ _ jdavis@southalabama.edu
Ut 072615 '
eceived { Date Completed JUL 0 2 2015
: P!
L L,__, TRESE TUHZORSTIcAL VALUES WERS i - CWLLUL_FH[JD
PrcTuA L THSORSTIOAC Vacues AReE €t 30. ss, H: 366, N: 9. 73
i Al
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= Alkyl=Nitrile-E_in_MeOH-d_without_Bis(valenonitrile) PROTON-2.

9

=
=]
=]
1 £
=4 77
= ' &
] - Sourfireama
=4 JAGUARS
2 "
Filename
Author -
Experiment -
sl Sample_id -
S Solvent -
Changer_sample =7
J o < = Creation_time = 29-JUN-2015 13:04:21
s 3 =5 Revision_t. - :54:58
[ < oS Current_time = 29-JUN-2015 12:54:58
8 g e
s bt Data_format = 1D COMPLEX
a4 Dim_size = 13107
i Dim_title = 14
Dim units = Ippm]
Dimensions -
Site = ECA 500
=1 Field_strength = 11.7473579([T) (500 [MH
- X_acq_duration = 1.74587904(s]
= 500.15991521 [MH=z]
= 5.0(ppm]
= 16384
X_prescans = 1
= = 0.57277737 [Hz]
e« = 9.38438438 [kHz]
Zan
2 s = 500.15991521 [MHz]
= s 5.0 (ppml
1H
500.15991521 [MHz]
5.0 [ppm]
< Clipped FALSE
o~ =1
- 16
= 16
= 14.59[us]
= 1.74587904(s)
=] = 45(deg]
u - = 5[dB
g - = 7.295[us]
L | e | = Off
.E Ld - Off
= FALSE
_E e = 1(s]
J Recvr_gain = 26
Relaxation_delay = 4[s]
. . . T . . r . Repetition_time = 5.74587904(s]
110 10.0 ml 8.0 7.0 30020 10 Teap_get =-ad.114c)
/\ 4 | YA AW A
23 zag 3952 5E2 85 goENes
22 g7 IZ 335 40E 55 75 5284
Pl e GEEEEE IS ST - B P i
X : parts per Million : 11
Alkyl-Nitrile—E_in_MeOH-d_without_Bis(valenonitrile) PROTON-4.jdf
-
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g = s (8
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=
S
S ]
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- =3
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= E. &
] S s
=]
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2
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=] » 3
=
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g
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T
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X : parts per Million : 1H
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Alkyl-Nitrile—E_in_McOH—d_withopt_Bis(valenonitrile) PROTON—4.jdf I
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X : parts per Million : 1H
- = —
o J Alkyl-Nitrile-E_7.7.15_CARBON-2.jdf
-] \
“
|
=
« |
|
o |
= ‘ \
= SaurnflLasamA
JAGUARS
~d ..
a4 Filename = Alkyl-Nitrile-E_7.7.1
= Authoxr = Jim Davis
Experiment. = single_pul
n sample_id = Alkyl-Nitrile-E_7.7.1
o Solvent = METHANOL-D3
hanger_sample = 9
= Creation_time = 7-JUL-2015 19:53:54
=, Revision_time = 7-JUL-2015 19:43:50
- Current_time = 7-JUL-2015 19:43:50
= Data_format = 1D COMPLEX
Dim_size = 26214
b Dim_title = 13C
Dim_units = [ppml
Dimensions =X
= e = ECA 500
25 Field_strength = 11.7473579[T] (500 [MH
X_acq_duration = 0.83361792(s]
X_domain - 13c
2 req = 125.76529768 [MHz)
X offset = 100 [ppm]
= 32768
37 roscans =q
X_resolution = 1.19959034 [Hz)
o X_sweep = 39.3081761 [kHz)
=7 Irr_domain = 1H
Irr_freq = 500.15991521 [MHz]
= Irr_offset = 5.0[ppm]
s c1 ed = FALSE
Mod_return =- 1
w Scans = 1024
E Total_scans = 1024
- X_90_width = 12.13(us]
s acq_time = 0.83361792(s]
X_angle = 30(deg]
o X_atn = s(am)
= X_pulse = 4.04333333 (us)
Irr_atn_dec = 21(an]
g 94 Irr_atn_noe = 21[aB]
= Irr_noise - TZ
Decoup. ol = TRUE
A Initial wait = 1ls)
< e = TRUE
2 _time = 2(s]
A ~AAU Recvr_gain = 60
B Relaxation_delay = 2[s]
3 T T T T T T T T T T T ' eiti = 2.83361792(s)
190.0 180.0 170.0 160.0 150.0 60.0 500 400 300 ro‘o 10,0 0 |Temo_ont = 2x-etac]
AR A
o ]
R
Fize gREE
WRsS aa 8 =
X : parts per Million : 13C
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Nitrile-Alkyl
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DSC Data and Acquisition

Thermal analysis was performed via differential scanning calorimetry. Data was collected on a
TA Instruments Q2000. The samples were run in open pans, heated to 110°C at 10°C/min and
held there for 10 minutes to degas and remove residual trace solvent. Next, they were cooled
at 10°C/min to -85°C and held for 5 minutes. Data was then collected as the samples were
heated at 10°C/min to 200°C.

The results are shown in Figure 2 (main text) for 1a (solid), 2 (long dash) and 3 (short dash).
Interestingly, no distinct solid/liquid phase transitions are observed, although a low
temperature glass transition is indicated for 2. The small thermal event at ~100°C for all
samples, and is likely the loss of trace water. Samples were also run at scan rates of 1°C/min
with similar thermal behavior (see Supplementary Information).
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Figure SI-1. DSC traces compounds 1a (solid), 2 (long dash) and 3 (short dash). The scan

procedure is identical to that in the main body of the article, except that the data collection

scan was run at 1°C/min. Like the scans obtained at 10°C/min, these results indicate no phase

transitions discernable through thermal events for 1a and 3, with a low temperature glass

transition observed for 2. The thermal event at around 100°C is seen here as well, although

diminished in relative magnitude. The y axis values have been offset, but not rescaled.

Water Determination (Karl Fisher)

Water contents for 1a-3 were not part of our original characterization panel, and were only acquired

after a request by reviewers of the present manuscript (with which we were happy to comply).

However, note that by the time the measurements were made the samples had been exposed to quite

humid air for ca. 3 mos. and were not re-dried before doing the Karl Fisher experiments. Consequently,

the values below probably represent water saturation values for the new ILs.

Sample wt (g) Water content (ppm)

1a trial 1 0.9775 1858.4277 average Stdv
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