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ABSTRACT

Crystallization of stable polymorphs of glycine veasried out from aqueous solution in the preseofceovel metal
nanaoparticles. Even lower concentration of novetahnanaoparticles yield andy mixed nucleation. When the
silver nanoparicles volume concentration reache&olthe solution yield nucleation totally. The UV-vis spectra
and Raman spectra have proved that glycine intewdtti the negative silver with amino cation. Théeraction
effectively prevent the formation of glycine almingstal type double-layer structure, thus inhibitithe formation of
alpha crystal form, promotes the formation of ganungstalline.
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INTRODUCTION

Polymorphism is the ability of a compound to crilsta in different crystalline forms. Each form hd® same
chemical structure but different arrangements efrttolecules in the crystal lattice. Polymorphism isrucial issue
in the development of the process for pharmacdudicd fine-chemical manufacture, as polymorphs mayibit

different functionalities and physical propertigsich as bioavailability, stability, melting poirstructural energy,
density, solubility, dissolution rate, morphology the particles, etc. Hence, it is essential to eligy a
manufacturingprocess to controll polymorphism [1].

In industrial crystallization systems, impuritidst are structurally related to the solute moleanéeoften present in
solutions from upstream processes. In several casssgner additives are intentionally added eitileemodify
crystal habits, stabilize a polymorphor control theolution mediated phase transformation. These
additives/impurities are known to interact with tbesstalline phase stereochemically,and in the gssc they
influence the nucleation and growth kinetics. Thyipe of interaction mechanism has been establishemigh
studies on stereoselective habit modification amdleation control in molecular crystals with “talmade”
additives [2].Based on an adsorption-based mectmaritee impact of impurities on nucleation couldtiwe fold:
first, the adsorption on specific crystal faceslddanfluence the interfacial tension between thgstal nuclei and
the supersaturated solution and, therefore, diiemucleation kinetics[2]; second, the impuriti@sild block the
active growth sites on the embryonic nucleus sertand, hence, inhibit its development to the @itgize.In some
cases, impurities could alter the solution thernmaagics (primarily the solubility) and, thereforefluence the
effective supersaturation available for nucleatitmwever,compare to these studies, the effect obpanrticlesas
additive on crystal growth study has rarely repmbrie is well known that the metallic nanoparticke® currently a
subject of intense interest because of their dita@hysical, chemical, catalytic, and spectroscquoperties.The
aim of the present work was to check if the matafianoparticles can serve as the additive to cbotystal
polymorph.

To get a better understanding of the mechanisnerofidtion and transformation of the selected polysherduring

the crystallization process, the simplest amind,agiycine (NHCH,COOH), is chosen as the model compound in
this study. Glycine is known to have at least thpg@ymorphs: a-, y- and p-forms[2]. y-form is the
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thermodynamically most stable form among the thrkeown glycine polymorphs under ambient
conditions.However in an aqueous glycine solutithe o-form is the commercially available form because it
spontaneously crystallizes from neutral aqueousttisols under normal conditions. Théorm apparently only
appears whencrystallization takes placefrom acdalichasic solutions, from aqueous solutions by #atdiof
electrolytes,from supersaturated solution irradiaieh plane-polarized laser light,from neutral aoug solutions
through careful control of the solvent evaporatioy using microporous membranes, and from emulsions,
microemulsions and lamellar phases by surfact@tt§3].The least stablgglycine crystallizes from alcohol-water
solutions, but it rapidly transforms to the methka-glycine when in contact with water.In the presstoidy, the
selective crystallization @fform glycine in the presence of silver nanopagcand the crystal growth mechanism
of the additives were also investigated.

EXPERIMENTAL SECTION

In 200 ml of redistilled deionized water, 36 mgsdfer nitrate was dissolved and the solution weatéd to boiling.
The 4ml of a 1% trisodium citrate aqueous solutieas added into the boiling silver nitrate solutidmpwise,
accompanied with vigorous stirring. The mixed solutwas kept boiling for a further 30 min. Finallyreen—gray
silver colloid was obtained. The size of the sileetloid we prepared was about 70 nm. The SEM inafgglver
colloid is shown in the supporting information.

Silver colloid /aqueous glycine mixtures were prepaby preweighing the nanopartilces and addingnv@bove
50 °C) aqueous glycine solution. This mixtureswelagced in a bathat 50°C for 30 min. After mixeds #amples
were transferred to a water bath at 25 °C andtdeftrystallize. Four different silver colloid comteations were
used, 0.5, 1,5 and 10% v/v respectively. The camaton of glycine aqueous solutions were 280mg/ml.

Raman spectroscopy was employed to monitor thd-phlase composition. However, because the Ramétersag
effect results from both the solid and liquid prageaman spectroscopy can also be applied foresaiohitoring.

In this work, a RA 400 Raman spectrometer from Meffoledo (Greifensee, Switzerland) equipped veitB50
mW frequency-stabilized laser diode at 785 nm arttieamoelectrically cooled CCD detector was useth&ta
spectra were collected at a laser intensity of %9 in the 800 to 1800 crhrange with a resolution of 0.5 ¢hand
were averaged over 10 scans using an exposure dime s.The crystal morphology was observed by an
OlympusBX51 microscope with an attached CCD vidamera(Olympus, Japan). Powder XRD patterns of igdyci
crystals were determinedat room temperature usiBguker D8 advancediffractometer with Cu-Ka radiatat 40
mA, 40 kV.

RESULTS AND DISCUSSION

Fig. 1. Optical microscopy images of prepared cryats (a) from pure water -formed, (b) from a 10v % #ver colloid-in-water

The dissociation of silver colloids in solutioniscampanied by speciation of glycine cations, andcheapH

changeswhile the pH of pure glycine solution wasisneedas ca. 6.2, in the presence of silver callaite solution

pH increased to ca. 7.5. Glycine crystals with tipolymorph usually grow fromsolutions in the pH rang
3.8-8.9[3].Fig.1a shows anexample of aglycine crystal grown from a neutral solution.ltshthe expected
prismatic morphology. When the silver nanoparticlese introduced into the solution, the crystaptiigs different

morphologies.

XRD patterns of glycine crystals formed under diéfe experimental conditions are shown in Fig. @n@arison of
the powder pattern with those expected from theglsircrystal structures of-, B-, andy-glycine revealed the
exclusive formation ofi-glycine in the pH=7.5, with no detectable amouoitdhe other two forms (Fig. 2). In
contrast, even in a relatively low concentrationsdfer nanoparticles, glycine crystals revealed phesence of
v-glycine. When the concentration reach 10% v/v XR® result shows the exclusive formationyedlycine crystal.
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It is clearly found that even in a relatively lowrzentrations, silver nanopartilces can still affdwe crystal
nucleate.
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Fig. 2 Glycine crystals grown from aqueous solutianin theabsence and the presence of silver colloida) a-Glycine, no additive;(b)a
and y-Glycine from 0.5% (v/v of silver colloid ) ; (c)a and y-Glycine from 1% (v/v of silver colloid ) ;(d) a and y-Glycine from 5% (v/v of
silver( colloid );(e) y-Glycine from 10% (v/v of silver colloid )

Many references have been reported on the applicaif additives to stabilize crystal forms. Curhgnit is
believed that additives operate by adsorption ongstal facets, which consequently changes thaseaifree energy
and may block sites which are necessary for ingatmn of solute into the crystal lattice. This maljimately

result in kinetic and morphological changes
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Fig . 3. Arepresentative UV/vis absorption spectraf a :silver colloid (red) , b: glycine agueous $ations in the presence of 10 % v/v of
silver colloid and c : pure glycine solutions
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Fig. 4 Raman spectra of aqueous solutions in theséince and the presence of silver colloids: (a) Glge solution , no additive;(b)
Glycinesolution (0.5% v/v of silver colloid) ; (c)Glycinesolution(1% v/v of silver colloid ) ; (d) Qycine solution (5%v/v of
silver(colloid );(e)Glycine solution (10% v/v of diver colloid )
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The UV-visible adsorption spectra of the silverladl, glycinesolution before and after the additioh silver

colloid are shown in Fig.3. The adsorption spectminthe silver colloidshows a single sharp molatiretion

maximum at 432nm, which is due to the resonanttaen of plasma oscillations in the confined elestgas of the
particles.After the addition of the colloids to thkgcine solution,the adsorption spectrum shHawax shift from 432
to 445 nm. The appearance of the red shifted bsastiibed to the adsorption of the glycine molexule the
surfaces of the silver nanoparticles. From the ebdigcussion, it indicates that the glycine molesuhave an
interaction with the metal nanopatrticle.

Another important evidence for the silver collo@aféect nucleate glycine growth was shown in FigF#. 4b-4e
show the raman spectra of glycine mixed with défersilver colloids volume, while 4a depicts a rarsapctrum of
glycine solution of the same concentration withitngt colloid solutions. Spectra b-e were measurtt afixing of
the glycine solution with the silver colloids. Thand assignments for raman spectra of glycine riows states
have been well established [4].The spectra of glysiolution mixed with the silver colloid were vatlijferent from
that of thea glycine form aqueous solution.For example, Fig44ball show an intense band at 1003'chut the
corresponding bands are not identified in the glgcisolution spectrum. Clearly appearances of the" NH
asymmetric and symmetric stretching modes at 16@81490crit and the intense band at 1003 whue to the C-N
streching mode are also good evidence for thedatiem of the NH" group with the silver surface. On the basis of
this observation we conclude that the amino gragwsinteract strongly with the negatively chargiekes surface.
The protonated acid species are present in soltiiey may join the surface and in doing so modify tharged
nature of the interface preventing the further addiof zwitterions. These ions would thus act atedive
tailor-madeadditives to inhibit the crystallizatioha. At the same time they could not totally inhillietappearance
of the more stable form. The slow growing +c will be inhibited fastayving -c direction will be available for
growth and hence that the crystallizationyafannot be completely inhibited by these chargettisg. Therefore, it
is quite reasonable thus signifying a unidirectlgrawth inthe-c direction as clearly shown in Big.

CONCLUSION

In this short communication we demonstrate thatesihanoparticles can be used as additives totatieccrystal
growth. Based on employing characterization tealesgsuch as X-ray diffraction, UV-vis, and Ramaacsum,

we proved thay form of glycine crystallized in the exist silveslibids opposed to the form, which crystallized in
neutral solution. It is clearly obtained form Ramamd UV-vis data that strong interaction between glycine
molecular and silver colloid play a crucial roletive glycine crystal polymorphism mechanism. Thesfility of

creating silver colloids as crystal seeds or adelitiwith a variety of sizes, architectures and ébainflunctionalities
opens new experimental opportunities for synthegitiie controllable crystal.
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