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6 Colloidal suspensions enjoy widespread use in applications ~OH

7 ranging from advanced materials to drug delivery. By tailoring the Cl;SI'V\H’?Lo « o Sio; |, NEt

8 interactions between particles, one can design colloidal fluids, gels, ' 30 N ' H.‘W JLOX -

9 or crystals needed for ceranfigoating? ink,® photonic$ and : N Toluene, 48 h

10 pharmaceutical materiafsOne common strategy is to alter their 1

11 electrostatic interactions by varying either the pH or ionic strength

12 of the solution in which they are suspendedowever, problems ol o

13 such as nonuniform mixing and disruption of suspension micro- Sio{ }Siffa)éj\o O H o] 1:10 TFA : CHoCl,

14 structure arise when acid, base, or electrolyte species are added 02;1\"\,-r"‘~~/*“~~/““~/“‘NJJ‘o'L< - .

15 The ability to tailor electrostatic interactions between colloids with °© , 30 min

16 spatial and temporal control in the absence of chemical additions

17 would not only alleviate these problems but also open new

18 possibilities in colloidal assembly. Here we demonstrate an approach ’O‘Sliv«Hi o~

19 to modulate the surface charge of colloidal particles and, hence, Sic2 B;)NJQ\WHWNJ hv (365 nm)

20 their electrostatic interactions by irradiation with UV light. : e} ’

21 To generate light-sensitive colloidal particles, we designed a new siIica-SAM-NH;

22 self-assembled monolayer (SAM) that undergoes charge inversion

23 upon photocleavage (Figure 1). Each molecule of the SAM is o o ©

24 initially terminated with a positively charged ammoniumNHs™) so, 7 3'*0 * H'HI/:HH .

25 group. Photocleavage of the ortho-nitrobenzyl! lifkteen exposes ON™ 7 ™" NH,

26 an underlying negatively charged carboxylateCOO") group. silica-SAM-COO

27 Accordingly, silica particles functionalized with this SAM are Figure 1. Immobilization of a bifunctional, photocleavable SAM on the

28 expected to possess an effective charge (or zeta potential) that car?'“ca particle surface.

29 be tuned through a broad range of positive, neutral, and negative 900 -

30 values at fixed pH simply by exposure to UV light for varying

31 times. Because their zeta potentig) ¢an be regulated by irradiation 850 1

32 alone, it should be possible to induce phase changes within colloidal 800 -

33 suspensions without externally altering their solution composition. o 750 -

34 As described in detail in the Supporting Information, chlorosilane =

35 1is synthesized in three steps from the known 4-(hydroxymethyl)- 700 1

36 3-nitrobenzoic acid.Immobilization of 1 on dried silica micro- 650 +

37 spheres {1 um diameter) is accomplished in toluene with 600 . . . .

38 triethylamine as an acid scavenger (Figure 1). Brief exposure to 411 406 401 396 391

39 trifluoroacetic acid (TFA) in methylene chloride converts the BOC Binding Energy (eV)

40 roup to an ammonium cation. This stable colloidal suspension

41 gnde?goes rapid flocculation upon exposure to TFA. After vFv)ashing Figure 2. XPS spectra of the nitrogen 1s photoelectron. Silica-SAMsNH
. . ; . . microspheres irradiated by UV light for 40 min (red) contained-85%

42 with methylene chloride, the ammonium-terminated microspheres |ogq nitrogen than their as-synthesized counterparts (blue).

43 (S|I|ca-SAM-NHg+) are washed with benzgne and IyOph”'_ZEd' To quantify the photosensitivity of particle charge, colloidak

4 T9 confirm the expecyejd photochemmal tr_ansforma'uon, the suspensions of silica-SAM-N§ microspheres were systematicallgs

4 particles’ surface composition was examln.ed via ?(-ray photoelef:- exposed to UV light for varying times. Particles collected froms

46 trpn spectroscppy (XPS) before and after irradiation. As shown N the various UV exposure times were then resuspended in an aqueous

47 Figure 2, the nitrogen 1s photoelectron peak decreases substantlall)éOlution (ca. pH 7 and subsequently analyzed by microelectres

48 upon exposure of colloidal suspensions to UV light. This observa- phoresis. Figure 3 shows thavaried from an initial positive value 59

49 tion is consistent with photoinduced cleavage of the bifunctional of +26 mV and reached an asymptotic limit in the negative range

50 SAM, which results in a loss of amino and nitro groups from the (—60 mV) after ca. 40 min. It is worthwhile to note that these:

51 microsphere surface. From the XPS integrated intensities, it is changes are accomplished at constant pH. 62

52 estim_a_lted that 8595% of _the hitrogen has been removed from To demonstrate a photoinduced phase transition in silica-SA#84-

53 the silica-SAM after 40 min of UV exposufé. NHz* microsphere suspensions, a binary colloidal suspension was

: prepared by slowly adding a suspension of the photosensitive silgza-

f}ggggmgﬂ{ of Chemistty: cience & Engineering SAM-NH3* microspheres to a suspension of negatively chargesl,
T Materials Research Laboratory. ' rhodamine-labeled silica microspheres (this mixture will be referred

10.1021/ja054666a CCC: $30.25 © xxxx American Chemical Society Alé/l. CHEM. SOC. XXXX, XXX, m A
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tions via irradiation with UV light. The approach opens up newu
3¢ avenues for investigating the phase transitions and dynamic structare
= 154! evolution of both unary and binary colloidal suspensions. As oge
E l‘\ example, we demonstrated the gel-to-fluid transition in binagy
s 01— T T T v mixtures that were initially oppositely charged and, ultimately, likes
€ \ 10 20 30 40 charged after exposure to UV light for an appropriate times
& .15 4 $ . . . .
K 4 However, a myriad of phase changes are possible using t1is
£ .30 - \ apprc_)gch, including _f!uid-to-gel, gel-to-fluid_, or ge_l-to-cry_staés
N transitions for pure silica-SAM-N§t suspensions of increasing9
45 \“}\_\ colloid volume fraction as well as a fluid-to-gel transition in binaryoo
R mixtures, depending on whether the colloids begin as like-charged
-60 - —— 4 . . . .
or neutral species that are converted into neutral-, like-, or oppositely
UV Exposure Time (min) charged species, respectively, upon irradiation. These lights
Figure 3. Zeta potential of silica-SAM-NBf microspheres as a function  responsive systems will further enable novel assembly routes oy
of UV irradiation time. Solid line was added to show the trend. creating colloidal structures via photoinduced patterning withais

. . L h f ph lymerizable resins. 1
to as the control suspension). Confocal microscopy of this mlxturet e use of photopolymerizable resins 06
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