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Guanidinium cation and urea are often used as protein denaturants because of their strong hydrogen-bond ability.
A deep eutectic solvent (DES) composed of guanidine hydrochloride (GuHCI, 7m = 458 K) and urea (U, Tm = 407 K)
with a molar ratio of [U]/[GuHCI] = 2 is a liquid medium that has the potential to denature proteins and dissolve
biomaterials. However, heating is essential when using 2U-GuHCI as a liquid solvent. This is because the eutectic
temperature of this DES is 331 K, which is higher than room temperature. This heating is a serious problem when
dissolving solutes with low thermal stability. We focused on two urea derivatives, N-methylurea (Um, 7m = 378 K) and
N-hydroxyurea (Un, Tm = 414 K), to obtain GuHCI-based DESs in liquid state at room temperature. Since all of the
GuHCl-based DESs containing Um molecules were fluid at room temperature, the Un molecule is a candidate hydrogen
bond donor for fluidizing GuHCl-based DESs. This paper presents experimental results of binary and ternary DESs
composed of GuHCI, U, Un, and Un. In addition, preparation methods for general DESs are outlined.
Keywords: deep eutectic solvent, guanidine hydrochloride, urea, N-methylurea, N-hydroxyurea, molecular replacement
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Fig.1 Molecular structures of GuHCI, U, Un, and Uh.
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Fig.2 Photographs of mixtures of (a) 2U-GuHCl, (b) 2Un-
GuHCI, and (c) 2Un-GuHCI at room temperature.

2 B RIRA R O - YEROP A s AR E AR (Ky) &
HEILBEZXDE, KBKFD U 5510 K (1.26x10714) 29
I3 Gu 0 FD Ky (032) 2 L0 bIEFIT/HEN, ZhiT,
2 RARIBRAHT O GuH A 42D U B ~DKFEA
4 %8 (GuH" + U — Gu+ UH") MNEHETE, LGS
1 2U-GuHCl FOfbAFEA GuH A A, CIA Ay, Uy
FTHDHI EEZERT D, [FRRIZ, Un 537D Kb (7.94 x
1074 2 ¢ Gu iy 7D Ko L D IEFIT/NE L, RIFRTHDS
NTZFARD 2Un-GuHC (37KEA A BB & AR SR & L



B £ — WROBIIF ORI

2N, GuH'A Ay, ClA Ay, Un 103670 DRI
BLES 25, REBEEAART D700 KE/HEREE L
T, AWKV ANK VB EORBENE, T vk
EOFEEEME NV OND Z EHE0, D BREmE &
WM E OMHA DEIZBWT, BRMEWE D& KEA
IG5 2T DG AR E RN A KEA A%
KEEET L1, BEWE» SRR E ~DKFEA
FUBEBEZ B2, Fa b oMA F R 2 AR
IND, KEFEUGERONER: (S5MEME) L AKEFE
ZRIRD N-ATFNA X — )L (FEENWE) O%EL
BIRAMIIANMOT 7 h ML F RO 1 D TH D, P
PRI U7 3 FESED 2 B RIBRG W & 4 FEEOFEHZ SV
T, mEEEBER (DSC, A 2—A > AL, DSC 220CU)
THIE L7z, IREHPH 188~413K @ DSC #—F 277 A (N
B, FIEHE 5 K min™) % Fig3 (Oor Liz, HREE
Bt 2U-GuHCl 1%, £ 200K TH 7 25k, £ 250 K CEeHE,
#1280 K CHitfg L, DARNICHME SN TWDH LSz, =iRiC
BWTEKETH D Z LRI HEA 7 — /L OJEKRK
13I8 Figs & JELEEW), 2 KRB THZICA
H U722 By SRR VAL 2Un-GuHCL @ DSC H—% 7 7
L, BIE L-EERBEICBWT, HI REBOREZRL
770 2Um-GuHCI (X IR TG ENRIEDOHAETH Y, Un D+
OBBHEEREITI U DT LD bENZ ERbnb, AT
(AR DRI FLIAE 2Unm-ChCl DR REIL 302 K TH Y,
Z O IR ITIE A F AR ORI R 2U-ChCl O 4 4
BEXD 17TKEW,D LER-T, KE/MARGEKRTHD
U 531D AF L, KEFBEZHEED ChCl HTH D5
G, WA ER LI K, WEAERICH L TADHREEZ D
725 L, KEHAZREN GuHCIHE TH 254, WEHNIR
ENERMT CTOHERFTE, MAERICH L TEDOMRE
{7259, 2Uk-GuHCl @ DSC ¥ —F 77 Ak, #liE/e Us
DOFER L [FREIC, IRFEHPE 188~413 K 2B\ T 2 DD 2k
B —7 &R LTz, fiFE72 Un D 2 DOWREE — 713 T (414
K) 2 E0ERWEECHE L 0D, HiFR Uy D ER
B — 2713 Un OEEFAREEICER T 2 SR SN 5, 2Un-
GuHCl TEUAl Sz 2 SOWEAE — 7 4, Un O B{AFRIER
IZHER L TWD & 2 5, 2Un-GuHCI 0 DSC #IE DO fs 3R
%, IR 343 KIZHEVL THE LD BIE CE oo - B
OFERIFET 5,

LI B B B B B B I B I N B B B B B B
2U,-GuHCl
—— ———
2U,,-GuHCl
s !
g 2UGuHCIJL e —
@ | GuHCl
x| U
@] \V-’_""\/—‘
2| o N
< ‘
5 [ J1007s" mol
V PN T T TN N T N U T N T [N T [ T O T O OO
200 250 300 350 400
T/K

Fig.3 DSC thermograms of mixtures of 2U-GuHCl, 2Un-
GuHCI, and 2Un-GuHCl, and their raw materials of U, Um, Up,
and GuHCI.
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Table 1 Water content, grass transition temperature (7g), density
(p), and viscosity () of GuHCl-based DESs with U and Um.

XUm-(2-x)U-GuHC1

x=0 0.5 1 1.5 2
water content/  0.52 0.56 0.46 0.48 0.45
% (0.07) (0.04) (0.06) (0.06) (0.04)
Ts /K 208 205 202 197 212
p*/gem> 1.29 1.26 1.24 1.23 1.21
(343 K) (0.01)  (0.01) (0.01) (0.01) (0.01)
U 120 850 542 259 -
mol dm
Un/ 3 - 2.83 542 7.78 9.93
mol dm
GuHCl,é 5.98 5.66 542 5.18 4.97
mol dm
7%/ mPas 8.2 11.8 16.8 21.1 24.6
(343 K) 0.1) 0.1) (0.3) 0.4) (0.5)

2 Numbers in parentheses indicate standard deviations obtained
from three duplicate measurements.

® Numbers in parentheses indicate standard deviations obtained at
three different shear rates.
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Fig.5 DSC thermograms of mixtures of GuHCI1 with U and Un.
The arrows in the figure show glass transition temperatures (7).
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Fig.6 Viscosity () of 2Un-GuHCI at 343 K as a function of
shear rate. Black and white circles represent
experimental data measured while increasing and
decreasing the shear rate, respectively.
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Fig.8 Changes in electron density and chemical shift due to
weakening of hydrogen bond between X and hydrogen atoms.
In Fig.7, nitrogen atoms and chloride ions correspond to X.
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