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Molecular crystals make up the majority of pharmaceutical mater- negativity® The local Fukui function (e/BoRy can be calculated
ials and a significant amount of fine chemicals. Since chemical from the change of the charge density as a response to the change
moieties exposed on different growth faces are varied, physical, of the number of electrons in a molecular systeltndescribes the
chemical, and mechanical properties of a growth face can be highly sensitivity of a molecular system to the electronic and nuclear per-
anisotropic. Among all surface properties, wettability plays a fund- turbations. The function is directly proportional to local softneg3;?
amental role in every interfacial phenomenon where a liquid phase
is involved. For pharmaceuticals, not only does wettability affect S(r) = SAr) 2
the drug development process but also it controls the dissolution \heresis the global softness. Hence, of the same crystal, Fukui
and final therapeutic effects. Because wettability is anisotropic, a nctions are able to characterize the variation in softness among
crystal with different shapes or polymorphs may have its overall giterent faces. Because of seféoft type interactions that are
Wettab?lity_ greatl_y changed. Underst_anding and_ controlling it are 4o minant between water (and organic liquids) and molecular
essential in the industry, as well as in basic science reséarch. crystals, Fukui functions are believed to be capable of describing

Wettability is often characterized by the contact angle of a liquid e \yettability anisotropy. For this purpose, we propose to integrate
droplet residing on a surface. When a liquid, such as water, is in y,q |ocal Fukui function over a crystallographic face and to use

contact with a crystal, solidliquid interactions will solely determine ¢ jntegrated value to characterize the relative softness of the face:
the wettability difference among individual surfaces. A stronger

interaction between the solid and liquid will predlctaply resultin a F(p) = f f(r)dr/A(p) 3)
smaller contact angle. Due to the very nature of intermolecular p

interaction, it may be possible to apply Pearson’s HSAB (hard and
soft apids and. bases) Principte describe their interactions between position in the unit cell. The normalization #p), the surface area

a liquid and dn‘fe_rent faces of a mole_cular crystal. As demonstratgd of the integrated face, is to make the quantity comparable among
by density functional theory (DFT), interactions between a Lewis different crystallographic faces. In practical calculations, the integra-

aC|dt ?‘b“dt_a l?Ttehconzlst of (;Iectrotsr:a;mf:, C?r:’ alﬁ nthar:jdtpolan?atlontion is replaced by summation of discrete data points. Resolutions of
contributions- 12 has been shown that for the hardard type o data points on different faces are kept the same for the purpose of
interaction, the electrostatic contribution is dominant. For the-soft comparison

soft type of interaction, however, the covalent and polarization The face-integrated Fukui functions (e/BdHor two crystal sys-
components are more significant. Therefore, the HSAB Principle ., aspirinP2y/c; a = 11.43,b = 6.591, anct = 11.395 A8

applies to molecular systems where the Lewis atidse interaction = 95.68)? andn,n-octyl-o-gluconamide (OGA)R2:; a = 5.252,b
is maximized. DFT further shows that the global hardness of a _ 55 yas oo 4 'a0e A:p = 94.98)10 were c;’IcuIate.d in the

mgl_eclulﬁ r syst_er(;\_ can b?} apprpximated b{] Klopmar;ls’sé;rontier present work. We have grown aspirin crystals from ethanol and ob-
orbital theory, indicating the res.lstance to charge tra n- tained millimeter-sized, platelike crystals, which had (100) and (001)

v_ersg_ly, the global S oftr_1_ess (th_e inverse of hardness) of a moleculeas major growth faces. The crystals were cleaved to expose clean
S|gn|_f|e§ the pOIanlzaE'“tl)_/i;;\ét; gle_ctlron _ﬂogg_‘;"bm tg's Com- (100) and (001) faces for the contact angle measurement by a video-
munication, we app y the . rincipie W't, -base CONCepts 1 sed optical contact angle meter (OCA 15, DataPhysics). Contact
and propose using the face-integrated Fukui function to understandangles by glycerol, water, and diiodomethane were 56, 57, ahd 36

the wettability anisotropy of molecular crystal surfaces. on the (100) face, and 66, 65, ancb4ih the (001) face, respective-

P . , , 69, )

n .DFT’ the system energy, qf a molecular system_ls_a ly. OGA is a polar crystal where contact angles of water on its dom-
func_tlonal of the total charge Qensn,y(r)_. The ch_arge density is inant faces were reported as’4s the (010) and 76on the (0D) 1!
confined by the e>ft.ernal potentiar), which is defined by nuclear Shown in Figure 1 are two possible ways to expose the (100)
charglges and posmotr:s._ As_a Ir(])cal resé)ponsfe ?f the ene(;g;;] to theface of aspirin, one cutting through hydrogen bonds between carbox-
S|mutar|1e0us p_e:t#rlgtlohn '2 tke_ ?um €er o 2?”‘”3‘:;” the ylic groups, (100b), and another between methyl groups without
external potential field, the Fukul function is definec>by breaking any hydrogen-bonded dimers, (100a). In contrast, there is

wherep denotes a specific crystallographic face and its relative

S2E 5 p(r) only one way to expose the (001) face. Fukui functions were calcu-
f(r)= s N = 5 £l = N Q) lated from the charge density differences between the neutral form
y(r)? ur)In v and anionic form (which had lower energy than that of the cationic

whereu is the electronic chemical potential, opposite of the electro- coUnterpart). Fukui functions are shown significantly larger around
the hydrogen-bonded region (Figure 1). Moreover, face-integrated

IThe University of Kentucky. Fukui functions were calculated from slab structures of the three sur-
The University of North Carolina. ; ;

§ College of Chemistry and Chemical Engineering, Hunan Normal University, faces (Figure 2). The functions have the largest value for the (100b)
Changsha, Hunan 410081, P.R. China. slab than for other two slabs. The large values along the (100b)
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Figure 1. Two major faces of the aspirin crystal. Fukui functions (e/Bphr e iz
are mapped on four selected planes. Charge densities are volume rendered. . 25
Only complete molecules are drawn in unit cells. - % g
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o
& 0.0001 4 Figure 3. The (010) slab of the OGA crystal. Charge density is volume
D rendered and superimposed with the slab structure. Charge density isosur-
& o.0000 4— : : | faces of 104 e/Bohg are shown at the (010) and @lends. Only complete
4 - ] 5 7 5 w0 15w molecules are drawn in the lattice. Fukui functions (e/Bphre mapped
.0.0001 to three selected planes according to the color bar. The face-integrated Fukui

functions are plotted on the right. Two curves show the influence by the

terminal —OH group of OGA molecules at the (010).
Figure 2. Face-ln'tegra_ted Fukui functions along three _slabs of aspirin. Each with liquids, the (010) has even larger Fukui functions. Thus, the
value is a normalized integrand over a crystallographic face parallel to the

slab surface. The position is relative to the center of each slab. Vertical 9luconamide side or the (010) face seems significantly softer than
lines denote outer surfaces of respective slabs. that of the (0D), allowing stronger soligtliquid interactions, leading
to a smaller contact angle as confirmed by experiments

In summary, the face-integrated Fukui function appears to be an
same liquid, a softer face may accommodate stronger-dajigid in- appropriate tool for describing the reIgti_ve soﬁness among vari'ous
teractions and thus lead to smaller contact angles, as we have Objgceg Of. the same crystal, characterizing anisotropic interactions
served in the experiment. Since an actual (100) face may consist ofW"Fh I|_qU|ds. _The concept, as well as the method to apply the HSAB
both (100a) and (100b) and since it is likely that the (100b) is dom- ©1InciPle with DFT-based concepts, may be useful for other

anisotropic phenomena of the same nature for crystal materials.

inantly interacting with a liquid, the overall Fukui function or soft- Ack led Thi K d bv NSE (CTS
ness of the (100) face ought to be larger than that of the (001) face. cknowledgment. This wor was supported by ( i
0303945) and the PhRMA Foundation.

As a polar crystal, OGA is not centrosymmetric, and the octyl Supporting Information Available: Computational steps of Fukui
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functions, shown along the slab model in the same figure, were
calculated from the charge density differences between the neutralReferences

Position (Bohr)

slab are attributed to exposed carboxylic groups on the surface, in-
dicating that the surface is softer than the other two cuts. For the

and anionic forms (which were more stable than the cationic forms).
Because of suspected coordinate error, three H atoms of the
gluconamide moiety were removed in Cambridge Structural
Database, including the one of the terminaDH at the (010)
surface. Two curves in Figure 3 were obtained on structures where
the three H atoms were added, and their positions were optimized
with a difference in positioning the H of the terminalOH. A
normal optimization resulted in theOH pointing inward, forming
hydrogen bonds with adjacent OGA molecules. Because it may
form hydrogen bonds with liquid molecules, the H of th®H

was optimized further by putting a water molecule nearby, resulting
in another structure with the OH pointing outward, breaking the
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