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ABSTRACT

Particulate and surfactant systems are an integral part, either in processing or product lines, in essentially every
major industry, including Energy and Minerals, Pharmaceutical, Agriculture & Food, Microelectronics, Healthcare,
Cosmetics, Consumer Products, and Analytical Instrumentation & Services. In most applications, surface
properties and suspension behavior govern the product and process specifications and depend on the synergistic or
competitive interactions between the particles and reagent schemes. The primary goal of our research efforts has
been to generate the knowledge and technology platforms for industry to develop innovative and greener and more
sustainable products and processes. Control of the physicochemical/mechanical properties of surfaces, particles,
and self-assembling surfactant systems is attempted to engineer or enhance their performance in industrial
applications. Specifically, understanding and control of nano and atomic scale forces between particles, and
synthesis of functionalized particles form the foundation for targeted contributions in biomedical, homeland
security, defense, advanced materials, sensor, and coating technologies. A synopsis of select projects is presented
in this brief review. Additional details can be found in the topic-specific references listed at the end of this
manuscript.
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(Royal Society of Chemistry DT % 1§ CTé#x#k)
Fig. 1

Characterization of rhodamine doped gold speckled silica (GSS) nanoparticles a) representative TEM image of

ca. 40 nm rhodamine doped GSS nanoparticles GSS showing the speckled silica surface; inset z-contrast digital
TEM; b) higher magnification showing irregular shaped, discontinuously placed, 1-5 nm crystalline nano-gold
deposits on silica; c) representative XPS spectra; d) ca. 11°C increase in temperature of pegylated GSS nanopar-
ticles in water suspension (Sharma et al., 2010). (Reprinted with permission from Royal Society of Chemistry)
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Fig. 2 Contaminant-activated photocatalysis. a) schematic of microbial mineralization with PHF as auxiliary light
harvester. b) Ground state absorption spectra for anatase (TiO,), polyhydroxy fullerenes (PHF), and PHF+TiO,. c)
Pseudo first-order rate coefficients for degradation of Mordant Orange dye on anatase (TiO,) and anatase+0.01
(w/w) PHF (TiO,+0.01PHF) coatings. Dark control measures the ability of the photocatalytic coatings to degrade
dye in the dark. N=10 (Reprinted with permission from Scientific Report, Nature)
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Fig. 3 Effect of PhosFlow (PF) on the induction time as
a function of supersaturation ratio. (Reprinted with
permission from Canadian Journal of Chemical
Engineering)
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Fig.4 TEM images of gold nanoparticles synthesized
using the Turkevich method. The mean particle
size is a) 15 nm, b) 50 nm. (Reprinted with
permission from the authors)

PETH DT, — N A X582 TEE D M) &
FTIEDPUETHLIETHI, 2OTud = b
DHENZ, & M, ToMoSEH2 a3 A MR
I RBICHEST B 72012, A7 —NVT v TuhER
HWERIEFAN A T A2 ETH Do A 150m 0
5 50nm O 4+ 2 fi 7 (AuNP) #% Turkevich i %
HWTHER L7z RFEMZ 2o TEM Mg % X 4
(Dong et al., 2020) (27 L7z PR, R F£55010,
B LR, EAT B0, BIRGEGELE (DLS)
BLOEHEBE TS (TEM) (2 X o TRFii L 72
1L 224 (X, XPS, FT-IR, ICP-MS Spectrometry T
AT L7206
FORT-OREE, ThbbR TR0 M4mI1% a9
P %% (PDI) % v T = Ak L 72 (ISO13321,
1996) ¥ ¥ 7N 70—="7T 2% —%HTHwi
A ZDEBIUROF /T2 BT 5 A, £
WZUT 25 —D7 7o) v THERTRKISED -
720 779N T RWRT H720DKMIED, V)
Ty —ORMIMEPHR L, TORMET LI L
BENTH D e bhotze T, KIBHAED
SEAIZRA SN BRI E O PUSHEE T&E L7808
B SNzl &z Sl

COMEZ RIS 5 - DICRESNHf o 1D
25, ZHBWIE MY 77 ¥ — 0 TH o 72,
CORISETI, KINgoEm (S—=7rtua7iv
IFTHDLWIEPFA) ZENZIFHESTILATE
% 7 FEHE | AR & IR L 720 AlfeAIL, 58
SZRA SN OB % HEAC 7 L 72l & L

50

6
35 —
304 g
17.6 £ 4.4 nm =
2257 =4
Eo0 17.2+4.1 nm e
E 15 / 18.1 +4.4nm
= 10 /
5] 18.6 +4.7 nm A
0 T T T T T
1 10 100 1000 10000

Particle Size (nm)

5 B—R-MERRLBEAVTERLERFT/HFY
S TIVOMFRENMEDD DLS BlE, (FEEDH
Pl % 13 CEaik)

Fig. 5 DLS measurements of particle size and size distri-
bution of gold nanoparticle samples synthesized
using liquid-liquid biphasic flow reactor. (Reprinted
with permission from the authors)
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