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Abstract: In presence of a polymer, the crystallization of low MW organic materials can be stopped at an
intermediary step, where mesocrystals can be identified. A mesocrystal is defined as a superstructure of

nanoparticles having polymer—adsorbed crystal faces on the scale of several hundred nanometers to
micrometers. This study examined the effects of water soluble polymers and relevant parameters on the
formation of guanosine—5’—monophosphate mesocrystals. It was observed in OM and SEM that GMP obtained

in a polymer solution had a unique particle morphology different from the typical one of GMP. XRD analysis
indicated that the polymer—directed crystallized GMP had a different polymorph of GMP. This result shows
that the crystal structure of GMP can be changed by polymers. It was observed in TGA analysis that the

polymer—directed crystallized GMP had a different water content, indicating a different type of hydrate.
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S oflom], Wegdake] -$-7 (aggregation) & F3l| ol FoixIck
HT vzmeage]] ek A7 DA 1 31, o] calcium
carbonate system,® copper oxalate," BaSO,,” CoPts 5] vz
FE|xge] tigh - o] o]Fo|A| 1 itk Egl o= Al
b 7149wz age] g ATE Eis] M1 9l
o g8 AL mixT e ATk de] B o)d
< 7K™, el U3k §-87 s vl Ak A7 1Ade w2 Azt
olii#] (lattice energy) & 7FAIH, A=A—"8=A} 235 28-(dipole—
dipole interaction) ol 213+ F7121Q1 AA3} W4So] #-galA) Fok
A, thelst HpEEol Ot J&ko & iz es wkAs 4= 9]
on, mzIuAg F49) myhss welE dlelk A3teit.

A7 3323 Alell At b AW (erystal face) ol aaEAk
9] AMeizll F&(adsorption) ©] Fold = itk 2wl F2 1
BEREL QA= 719 oFdA (colloidal stability) & 734412 4= Sl
o, webA §IRRE 7R SRS skl Evh e Akl 4
A3H Alo]9] 252k (interaction) ol 28] A ¥} 18AF A}
ole] ePAe F7MIZIA Hm,® el webd 271303 Hprimary
cluster) 9] 1719} Bkl ks A = = Zo= duA Qirk

£ odqtoflrd A%l GMP (Guanosine—5—MonoPhosphate) 2R=
E48 MSG (MonoSodium Glutamate) £} T1Eo] & AR&E a1 9]

FAQ1 AR 84 HEE o] s P
EZolt) o] drowning—out AX3E F8lo] el £ A
3} 719 3 52 drowning—out AA3R= g8 Sl HoQl=
FEA9 galEE B8 (non—solvent) & o-&31] FASH 4
A7 e IEIEE s 243 Woltk Drowning—out
A3lE ]85 GMP2] A7s} Idelxd= gl T4 Al 270l
= 8% GMPYAR=C] 8=, Alzto] Aol wapa] s A
9 A4 A S Bkl HFHOE GMP 4531E T 78k
Feje] A7 phase transformation?gS Ealo] Al&Hc) o
7164 GMP 4578 = 778H=2] GMP polymorphs-> 2738}
2o gJ&Este] 2P| e REEASL A8E TITE £ ATl
A= Zglollgd@l 2212 (PEG ¥ 7]EA chitosan) 7 71A19] 48
A TARe] EAlel] 2Jsl, oln] izl GMPe] A3t Yk thE
non—classical 2748} & 7% GMPE] Hlz=T=|~go] P4
T U=AG oFE ARIstaat sl okeE ARske] it 7k
. &824¢1 eAAA) (high—throughput screening, HTS) & 7
7] flste] 96—well plates ©1-83F A3tE Al=aigict. o4
Al Qo F7147 2] WzIeA~ege 2] HelEgt oz} 83
=7, P T BRIl o] 71Ee] e vhEAl Ve
T ek wEA, olElst AlEE Sl 7] EdET 524 Qb
A& IATIAY, Eal7F B ol 22 7hedo] K
o T2 A 55 HaEdld 5 Qo Rl 483t A9 A
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AleE &2 Aol A8 A% VARl GMPE 98~100% <%=
7o, 798kE ] B4 7 AR 0= A0 (C Co., Korea)

9] AlFE A o] ARgEgIcE A}t £ Al Aol AR PEG
(polyethylene glycol, M,=2000 g/mol) = A]Z1n}—<L=g]
(Missouri, USA) ellA, 7]EAk(chitosan, 14,<3000 g/mol)- Kitto
Life (Kyeongki, Korea) @A 31331, HPLC £(. T. Baker)
< A gle] A=Ak Drowning—out 273}k Al B1-&wj (non—
solvent) & AR HekE-(99.8%) -2 Samchun Pure Chemical
(Kyeongki, Korea) oA T-3]akith.

TEG-877 (high—throughput screening) 714 )83+ GMP2]
273 GMP= S5l 8alAX] 2~10 wt% PEG 52 7|84 &
HNof| B3N 7A}F G-Heol] B3E GMP2] 5= 12 Wt 1L
A a7 (high—throughput screening)2 18l 2743} vk
$7122 96—well plate (polypropylene A&, 0.3 mL, Bioneer Co.,
Korea) & AF83I3ItE 96—well& ©]-83F A3} A, Hade] =4
< olg3te] A&sH| thekst AR S lelslal Tiekst el
A AREE D& ¢ Aok FHo] Atk 96—well plate?] 7t well
=2 0.3 mL $350|=2 GMP 4942 717F 0.1 mL2 96—well plate
o] FBlor w5eatal, of7]e) vlgwll WEhS-S 0.12 mLA 78k
o] HEHES-golo] 0.22 mL7}F HE= 313t} 96—well plate2] Al
EHRRI 87198 B AN FEE 2~12 wthE 2L,
ZEERER) 12719) e LEWTE 45~65 T HLR 24319l
o} teket 2% 7ol mE ks BRIsk| I3, 25~45 T
2] e A A LH]ITE E3EAS Aol iR} A
s} 3 (supersaturation) ©] dofui o] AF7Irk 1:1.22] FajH]
F2 41 GMPS} Hehe-2] Z3-8-912 Bortex (Scientific Indu—
stries, Inc., USA) ]| 2J3)] 13 &<t wsHl 412 & 25749171
(MyGenie 96 Gradient Thermal Block, Bionner Co., Korea) ©ll
Yolrt, 2elz]el] W 96-well MEE2 12709] & Wakow
25~45 T 22 45~65 TE 2% gradient’} o]FoA 5 319117,
8AIZE Bt A7kt

GMPL| Sz M. 7174} &4 sl GMP £3l|= H3l=
et &l 2k A/7A3A 471 (UV—vis. Spectroscopy,
V=550, JASCO, Japan) & AR&3ISitE GMPE] Aol &5 3?1
256 nmol|A TRk FFel ol mE S v o2
gkl 96—well plate AEolA HEE A4S ALst £
3k AEEAS 0.01 mL =3l HPLCHE &% 10008 314315ic) of
7oA AE2 AT} g-ollo] Z-Est B3 (equilibrium) “FElel =
T TS BT o] Alzto] At Fof] S
AN¥YO| #M. Ae] 7] W P (EEZEA) o] w3 Fekav
(optical microscope, BX—51, Olympus, Japan) & AR3}51.0,
Ab @FRE o] g3lo] GMPe] A7/ ol wdeigltt. 2473}
N BT Aty AEE A4S weks® Aol § ARl 1
s 8l AEFA xE 272 X—ray Powder Diffrac—
tometer (XDS 2000, Scintag, USA) & ©]8-5}4] 2 deg/min®] A~71
&5 2709} 2 thetai= 10~50 deg®] B Ulelx] 2744S gRist
a1, 31AF EA) BleflA] Hofzl GMPL] AN=-2- TtFA]| (polymorph)
7F dojx=A] 9] o5 FRISGITE aEAke] @kl whE GMP B
Z=2A)9] W3} 9l vz aee] F4E ERlsl| Qal FAF A |
")7 (scanning electron microscope, S—3400, Hitachi, Japan)
< ARE3te] GMP A7) s THslglth AEe FHEE|Yl] &
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S fE)g 9lol AHS B & carbon coater (Hitachi, Japan) ©f] 2]
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Z233lelA] ARSI R E R R EAERE GMP7F 1At EA)
slelA] A% T2 bl $HElE B o] deE ekal W
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o)A k2-(non—classical) 273} T2 FI8== GMP2)
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2o 7 9)Fah, 217] T crystal habit¥} A4S 74tk
Figure 2t 217] the %0l AAse GMP2] 453153} 75738}
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Figure 1. Schematic representation of polymer—directed drowning—out crystallization.
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Figure 2. X—ray diffraction (XRD) and optical microscopy (OM)
results of the two crystalline hydrates of GMP. GMP hydrates
crystallized (@) at 65 C; (b) 50 C; (c) 45 C. Crystallization tem—
perature influenced the kind of crystal hydrates.
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Figure 3. Effect of polymer addition on GMP solubility as a
function of temperature.
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7} EABRE GMP2] 9ol AAsh emxde gallwdd 24 9
TS PR QR obdS & 7 Sk Bgh AP EAEH k=
GMP<} Hlwalo] A7} EAlsh= 729 GMP+ tiAlZ o= 83|
57} ZhAske ERIBI T, 1Akl FEUt SRS GMPY &
BT AAsit) o) 1At A el F2tete] 1 ouX]
£ A = S dAISiT) s 71EARS] A9 2
TRE S Hol=t, 55 T olake] &ielxl= 71EAle] A7k
= GMP9] 8357} tha S7I8ke ER1E = Qlrk &3k 55 C 9]
aF 2120] A At S ok 499l vlaal = GMP-8-4l
SE RIS ER1E 5 Stk ol 7IEAL] A9 -8 Aol
2 GMP$} 8} -3} 4324 (charge—charge interaction) ©2
QIel PYslE|ar, GMP2] & ¥} A= 9] Froll= JakE
A HHA, AshEA] odar g Yol Z7dk= GMP7F HolA]7]
el Ao AlgH) o] @ 7|EAke] - GMPe] wlzTE
22ke] FAdo| glo} A3} 27} Fost MeE A ¢ 9SS
AR BT

Polymer—directed crystallized GMPZXS| REZZX|. Figure 4+
A A4 Fen B4 dreltt (o) & i X0 =2M 1
TR} EABHA] ek AdielA A7dskeE GMP2] A Heltk (b)
St (2] Aate B, Al FE7k S7HER GMP 299 2
715 27Kk #9185 9lrk ol GMPEHe] SR 1R}
9] Z7Pk A% GMPEH) 1o JFL vld 5 Qs A0 A}
FECE ofeig el tiel, el WAL 2 4L oAlet
ol nwx 2 A% 713 M ke A7 Aakge] kX
A, heslAfe] SRS A A7) B Bo Aol

(©

Wz g A A= 7 A% A4 27go] Tt

U3 homogeneous) -£910 ZHE] A%o] dojd uf 1) ] A
2, 2) 2] Ao A4 F o] 3PS AXA Hctk o e
A% 4] ol AHEL 89 ol EAlshs 24 549 1
A Aol HEdelell 2 E wirk<] AdgstA Eck PR, &
N Qlof] EAISH= 1EAl] FHU F5 5o W HE Ay 22
9] A7)0 JES nH= Fo3 W) Hnk Aol A3} o=
oA ] Hujek A4 0] P S (L) S HolF= 2o] ek

_16z VP
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x T

AGE T4E 3 YA NX] EAE oA (activation energy)
= ¥ A (surface tension), Vi 11419 E4-3],

2 XA 2] 2}o] A= pre—exponential?l &}, k=
Boltzmann 4+, 7% AUlREE UeERAT o] Aol vehja gl
T 2 APt A7k angAel] o)t A o] PysiE <l
3l Au #EE FoARIA & Ade] S5t 1Ak, AR e
7} TS G5 T vk 2] 8 3 dAlelkE 1At
of St =g 3 S ol FAINE A% Aol Aol &
2l Ak R SIS oA vl & Ao e
T ok 53 At FReh s A9 AR ohel A%
el JFFe T Ee & 7 Stk PEGE] - PEGY] 5=
7} S7FEEE ARREIES] A% Bl A3l FeElE wisleks
1 = Qlrk ATk Feken| Arvko 2= aRte] Gl <

C) 2o

Figure 4. OM images of GMP crystals obtained by drowning—out crystallization at 45 C: (a) without polymer; (b) in 4 wt% poly
(ethylene glycol) solution; (¢) 10 wt% PEG solution; (d) 4 wt% chitosan solution.
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A (Figure 5(0) & thx 353 vwsied, 242 27171 S7E
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g1k Figure 5(e), ()= 25 CollM 2 wt% A 8-
of <t ARsket GMPE] Yot i RERAS vERd Zlo].
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Figure 5. SEM images of GMP crystals formed by drowning—out crystallization: (a) Crystals obtained without a polymer at 45 C;
(b) crystal surface of (a); (c) crystals obtained in 2 wt% PEG solution at 45 ‘C; (d) crystal surface of (c); (e) crystals obtained in 2
wt% PEG solution at 25 C; (f) crystal surface of (e); (g) in 4 wt% PEG solution at 45 C; (h) in 2 wt% chitosan solution 45 C.
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oJ71elr] GMPE] 57 A7drio] Ae] A deel 249 4
ez RERATE eIl vletd 4 itk wshe REeA
off &Jalir A= GMP 2437 AE 055 setd = 9l
Z1of) et mERA0 jshr} ol FoilEE o o Sk 54 wol &
7] Az skt GMP iAkEd o] B2 (Figure 5(F)

57t VR 89 el #AHES] o] SRR Tt
2 GMP2] & 343 9 A% 4378l JIERY] Sl o] B
e FUEE 5T F Sk

PEGY] F&xof wb% GMPS 2EZ2X)7} W3l 4 wt%
PEG7} EAI8k= GMP2] 790l 1 um °l3te] 27 |dAE &1g
4 A Figure 5(g)). 71EAF] 73¢-Figure 5(h) = vRPAZ 1
pm °Jske] 27IIAE gRIE &= qlar, 11 A= SAAEE A
* GMP2] 2% “374] olFozles 758 & Atk 7IEAe] 4
= 58 Ul GMPL ) charges 7HEE PEGS] 791
oh O] st s Aol Slate] nlwA] 22 Alo]=8] 271812k @
Adaitiar AT e, of7]el Hojx)= 712 gRke] A7)9}
ek @ A dAlelA] At FRst Rl JEE vigks Al
o7 F=du}l £ A%dy At Alole] AM A (interface
tension) & IAME AYsE] T8 WFE Zge 5 glon o]
A e Aol A% 45 (growth rate) of] JEES nxH, HF
Ao AR RERAE AW F e QRlojth

Polymer-directed crystallized GMP ZX2| ZAXM nfet Figure
6 AR AskE B3l dojd GMPE] A4S g
Sli= X—ray diffraction(XRD) ZAZo|t} A7} EASHA] o= A
Elell A Asle GMP2] A7/d Figure 6(a))-2 WX ¥502 X
o7 Qltk o]5E 45 T2 2xzdolr dojx|i= GMP 73k
2] g4l XRD F]|FE0lc) 2 &% oA Al 8- o]l
A A3k GMP2] 7-9= XRD F& ¥359] 9]¢} 71 intensity
7} g s ERIE 4= Qlth ol 484 aEAtel] <8 GMPe] 4
g /7ol JEkS ol GMPE) thE A TR AsIsies Ll

(e) 4 wt% Chitosary

(d) 2 ]A{t% Chitosan

(c) 4 wt% PEG

Intensity(a.u.)

(b) 2 wt% PEG

(a) without polymer

T T T T T T T T
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Figure 6. X—ray analysis of GMP crystals formed by drowning—
out crystallization at 45 C: (a) without a polymer; (b) in 2 wt%
PEG solution; (¢c) 4 wt% PEG solution; (d) 2 wt% chitosan
solution; (e) 4 wt% chitosan solution.
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7t} Figure 6(b) ol HOIA)3= 2 wt% PEGS] 73-%- v]=2] Zo| F
o =2 intensityS 7FX+= scattering IS #E8 &= itk
o] 435 E3j| PEGY] &4 o] w2} GMPe] 24 =27} get
Hes BRIE 4 903, =2 I intensity = 7]Fo] PEG7} &4
She GMPEY F-2olM 7482 mriele ALl EAIH] ka2
F5% ¢ Utk PEG 4 wt%2] 7% (Figure 6(c)) & PEG 2 wt%
o} vlwslo] 3)3°] $Ix= WsHA] ko, 9139 intensity 7} gt
S QI3 = 9t} o] AR 7| EARS] AT UK LrERoH,
E3) 712 wit% 2] 7-9-Figure 6 () = 274 1)) broadening
< gRlgk &= Q) o) FAH wExte] $RF Sl wE 23
=40 At e el wE Ay siaE 5 Qlal, e A
A} sleEsrlo)] e vz ag 517) Ikl wE A3l fx

Polymer-directed crystallized GMPAHN £3l22| &5 GMP—
HFAow =] PR SAlchs A9 =Holng, A=
A7de] et GMPE] polymorphell 3+ &2 715 48t
of F3k=e] TS AEAE 7 Stk Figure 72 53824 (TGA)
o] Aol APt EASHA] ok Adelelde] GMP A7t
AR Fel steel] SJal dEkS ot ol GMP ke AE
o WskE RS 4= Qlrk aEApE EAHA] ¢ GMP 7rskEat
Hlwslo] aEAke] el whet 25eel] SJa) FAPE Wslsl= il
L AolE Holw, A%o] gHshs &9 dele Aot Sle= &
T Utk AR ® PEG 982 tellM A74skd GMP2] 7-9-oll=
PEG®] “sizell wipa] ofghe] £o] ghgtoli= QISANE B 55
3}E0] Fx9do] FRlFQlar, 7)EARe] 4 sl Agsket A 95
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Figure 7. TGA analysis of GMP crystals formed by drowning—
out crystallization at 45 C.
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