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ABSTRACT: We report a paradigm shift in the atomization of the
elemental species in solution using a novel Z-scheme GaP@N-TiO,
nanocomposite in the presence of formic acid under visible-light
irradiation (vis-GaP@N-TiO,—HCOOH), replacing standalone cool
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isAFS signals

® U =
diffusion flame-based atomizers presently in use. The atoms formed {
can be detected in solution by atomic fluorescence spectrometry PMT
(isAFS) with at least 1 order of magnitude improvement in the limits
of detection at the pg mL™! level for As, Se, Hg, Zn, Cd, Nj, Fe, Pb, . s_a;o
and Co. During this process, the reductive CO,*” switched from Gap@zN.Tioz

HCOOH by the valence band h* preserved on N-TiO, together with

the conduction band e~ on GaP plays a synergistic reduction role. Such a new paradigm shift in atomization is expected to challenge
the existing norms of atomic spectrometry and give rise to the next-generation isAFS and beyond, no longer using the flame
atomizer(s), avoiding the use of hazardous chemical(s) and/or harmful UV rays, as well as eliminating the inefficient processes of

either sample nebulization and isolation of ultrafine droplets and/or chemical vapor species generated.

B INTRODUCTION

Free atoms are the signal source of atomic spectrometry (AS),
which is the most classic and commonly used tool to date for
acquiring the most basic information on the elements that
make up the objective material world. AS has an unrivaled
element-selectivity originating from the quantum leaps of
electrons between their intrinsic outer shell orbitals of the
atoms. To perform an AS assay, for example, a solution sample
is first converted into ultrafine droplets via a pneumatic spray
chamber (nebulization), then transported into a standalone
high-energy-powered atomizer for atomization in the gaseous
phase, and finally determined via optical absorption or
emission AS. Unfortunately, the total efficiency of these steps
is less than 5% in general, largely impeding the due sensitivity
of AS. Pregeneration of chemical vapor species (CVS) from
the elemental species (usually a chemical form in which the
element exists) using aqueous hydroborates (Scheme 1a)," and
via the low molecular weight organic acid (LMWOA)-based
ultraviolet light (UV)-induced photochemical or nanosemi-
conductor-based UV-driven photocatalytic strategies,” " re-
markably improves the efficiency (Scheme 1b). But the use of
hazardous tetrahydroborate (BH,”) or harmful UV rays, the
inefficient but necessary step for isolation of CVS by a gas—
liquid separator, and especially the standalone atomizer(s) of
either flame or nonflame are still needed, not to mention being
limited to the “vapor-generable” elements. Atomization of the
elemental species in solution is therefore much desired to
overcome the aforementioned disadvantages. However, few
such attempts have been done, except that Ag, Cu, and Pd ions
were reduced into free atoms in aqueous solution using NaBH,
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and their atomic absorption spectrometric signals were
detected.'"""!

From a chemical perspective, atomization of the elemental
species is a reduction process involving the acquisition of
electrons. If we are able to provide electrons with enough
capability for reduction, atomization of the elemental species
should be realized. Fortunately, direct Z-scheme hetero-
junction nanocomposites'>~'* composed of two sophisticated
semiconductor photocatalysts may provide conduction band
electrons (CB e™) with greater reductive ability and valence
band holes (VB h*) with stronger oxidative ability for redox
purposes, and more importantly, visible light (vis) instead of
UV can be utilized depending on the rational design of the
nanocomposites. We thus propose to create a novel vis-driven
GaP@N-TiO, from nano gallium phosphide (GaP) and
nitrogen-doped titanium dioxide (N-TiO,), aiming at atom-
ization of the elemental species in solution. As, Se, and Hg
species and some other metal ions Zn**, Cd**, Ni**, Fe?*, Co™,
and Pb** were selected as representatives of the elemental
species, and their atoms formed are expected to be detected in
solution by atomic fluorescence spectrometry (isAFS)
(Scheme 1c). We anticipate that this approach will achieve a
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Scheme 1. Atomic Fluorescence Spectrometry”
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“(a) Chemical vapor species generation atomic fluorescence spectrometry (CVS-AFS) with an Ar—H, flame atomizer: tetrahydroborate-HCl
system (BH, /HCI) for hydride generation (HG-AFS); HCL, hollow cathode lamp; PMT, photomultiplier tube. (b) UV-induced low molecular
weight organic acid photochemical vapor generation system (UV/LMWOA) and UV-driven nano TiO, photocatalytic vapor generation system
(UV/TiO,—HCOOH). (c) This work: visible light-driven HCOOH-mediated GaP@N-TiO, photocatalytic atomization of the elemental species
in solution atomic fluorescence spectrometry (vis-GaP@N-TiO,—HCOOH-isAFS): E™, elemental species; E°, ground state atom of the element;

E%, excited state atom of the element.

new paradigm shift in atomization compared with the
conventional techniques and methods, making isAFS a simpler,
greener, and more sensitive tool for elemental analysis.

B RESULTS AND DISCUSSION

Characterization of GaP@N-TiO, and Photocatalytic
Reduction Mechanism of vis-GaP@N-TiO,—HCOOH

The band gap of GaP prepared (129.6 + 12.4 nm measured by
SEM) was determined to be 2.23 eV between CB —1.33 V vs
NHE and VB 0.90 V at pH 3," while that of N-TiO, (18.7 +
2.4 nm with a 0.5 molar ratio of N to Ti) was 2.82 eV between
CB —0.15 V and the VB 2.67 V of N-2p, and 3.20 eV between
CB —0.15 V and the VB 3.05 V of O-2p (Figure S1), indicating
the coexistence of N-2p and O-2p VBs in the N-TiO,
synthesized.'”'” GaP and N-TiO, prepared have suitable CB
and VB energy levels and tend to form a Z-scheme
heterostructured nanocomposite, in addition to their stability
in acidic media, which is generally required to prevent metals
from hydrolysis. The as-prepared GaP@N-TiO, (Ga:Ti =
5:100, see the details in Experimental Methods and Supporting
Information Figure S1j) was verified by X-ray powder
diffractometry (XRD) (Figure la and Figure Sle) and

energy-dispersive X-ray spectroscopy (EDS) mappings (Figure
1b), indicating that N-TiO, still maintains the anatase
structure of TiO, and GaP has the zinc-blende structure. On
the other hand, a clearly direct facet coupling, for example,
between N-TiO, (101 with the lattice spacing of 0.35 nm) and
GaP (111, 0.32 nm) was observed under high-angle annular
dark field-scanning transmission electron microscopy
(HAADF-STEM) (Figure 1c), suggesting that intimately
heterojuncted GaP@N-TiO, has been constructed. Moreover,
ultraviolet—visible diffuse reflectance spectroscopy (UV—vis
DRS) studies (Figure 1d) showed that GaP can be excited by
light shorter than 556 nm, and N-TiO, by light shorter than
439 nm. These findings imply that GaP@N-TiO, is excitable
under vis-irradiation, such as 420 nm.

Furthermore, electron paramagnetic resonance (EPR)
spectroscopic studies (see the experimental details in the
Supporting Information) of GaP@N-TiO, in pure water
(GaP@N-TiO,—H,0) under 365 and 420 nm irradiation
showed a typical four-line spectrum of -OH-DMPO spin
adduct'® under 365 nm irradiation (Figure 2a) but not under
420 nm (Figure 2b), because only 365 nm is capable of
photogenerating O-2p VB h* (3.05 V) that is able to oxidize
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Figure 1. Characterization of TiO,, N-TiO,, GaP, and GaP@N-TiO,.
(a) XRD of TiO,, N-TiO,, GaP, and GaP@N-TiO, (Ga:Ti = 5:100).
(b) EDS element mapping of Ti (red), O (green), N (inset, gray), Ga
(yellow), and P (blue) of GaP@N-TiO,. (c¢) HAADF-STEM image of
GaP@N-TiO,. (d) UV—vis DRS of TiO,, N-TiO,, GaP, and GaP@
N-TiO,.

H,O into -OH (E_OOH/H20 = +2.7V)."” This phenomenon
observed verifies that GaP@N-TiO, is a typical Z-scheme
heterojunction nanocomposite, not a Type-II system that
transfers the VB h* of N-TiO, to the lower VB (0.90 V) of
GaP. When adding HCOOH into the above system (GaP@N-
TiO,—HCOOH), -OH disappears while CO,*~ appears with
the characteristic DMPO—CO,*~ spin adduct’® under 365 nm
irradiation (Figure 2a), implying that either the strong
oxidative -OH was consumed by HCOOH

(E(():o‘z' icoon = +1.07 V)*! into the reductive radical CO,"”

(EOCO2 Jco; = — 2.00 V),” or the 365 nm-photogenerable O-2p

and N-2p VB h* oxidized HCOOH directly into CO,*”,
blocking the formation of -OH from H,0. More excitingly,
CO,*” was also observed under 420 nm irradiation (Figure
2b), indicating that the 420 nm-photogenerable N-2p VB h*
(2.67 V) can oxidize HCOOH into CO,*". This is vital for
harboring the electrons in vis-GaP@N-TiO,—HCOOH
system, in which the concomitantly existing yet innately
contradictory oxidative VB h* and reductive CB e~ are
harmonized by HCOOH. The HCOOH-mediated switch of
the oxidative h* to the reductive CO,"™ lays the basis for the
atomization of elemental species in solution (Figure 2e).
Using H3AsO; (As'™) and H,AsO,” (AsY) as the
representative elemental species to probe the efficacy of vis-
GaP@N-TiO,—HCOOH, the formation of As® was confirmed
by its atomic fluorescent signals using As HCL as the excitation
source (Figure 2c) and EDS (Figure 2d). Meanwhile, the
significant decrease in the signal intensity of DMPO—CO,*~
after the addition of As™ (Figure 2a and b) witnesses the
participation of CO,*” in the atomization process of As™ to
As® (Egsm/ASO = +0.24 V).23 While wusing AsY and
CH;CH,0H instead of HCOOH (vis-GaP@N-TiO,—
CH;CH,0H), the produced CH;CHOH radical

(EOCH3CHOH Jcucno = —118 V)** hardly overcomes the energy

barrier of As" to As" (EOASV/ASN =-12 V),25 and thus finds it

difficult to undergo the subsequent processes of reducing As"
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Figure 2. EPR of ¢OH and CO,*” in GaP@N-TiO,—H,0, GaP@N-
TiO,—HCOOH, and GaP@N-TiO,—HCOOH-As™ systems under
365 nm (a) and 420 nm (b) irradiation. ¢ OH-DMPO in GaP@N-
TiO,—H,0 system under 365 nm irradiation: the intensity ratio
1:2:2:1, g-factor 2.006, and hyperfine constants ay = 14.9 G and ay =
149 G; DMPO—-CO,*” in GaP@N-TiO,—HCOOH system: the
intensity ratio 1:1:1:1:1:1, g-factor 2.006, and hyperfine constants oy
=153 G and ayy = 18.7 G. (c) isAFS of As atomized from As™ and
As¥ (10 ng each) by vis-GaP@N-TiO,—HCOOH (2.5% HCOOH,
pH 3) under 420 nm irradiation. (d) EDS of As on the GaP@N-TiO,
surface. (e) Photocatalytic reduction mechanism of vis-GaP@N-
TiO,—HCOOH (2.5% HCOOH, pH 3) under 420 nm irradiation for
reducing E™ to E° in solution.

to As’. Nevertheless, the relatively weak atomic fluorescent
signals of As® were still detected in this case (Figure S2),
indicating that the CB e~ (—1.33 V) preserved on GaP@N-
TiO, can independently fulfill the task of As" to As’. These
results further evidence that GaP@N-TiO, is a Z-scheme
heterojunction nanocomposite and not a type-II system that
transfers the CB e~ on GaP to the lower CB (—0.15 V) of N-
TiO,, suggesting that the strong reducing radical CO,"~
switched from HCOOH by the oxidative VB h* together
with the CB e~ play a synergistic role in the atomization of As
species in solution (Figure 2e). Moreover, it should be pointed
out that the As® formed can be reduced further to volatile AsH,

(E?\so/AsH =-023 V).23 This was not only evidenced by the
3

AFS signals detected in an Ar—H, flame after isolation of AsH;
via a gas—liquid separator when applying a longer irradiation
time (23.6 s) (vis-GaP@N-TiO,—HCOOH-(AsH,/Ar—H,)-
AFS) (Figure S3), but also identified by GC-MS after
collection (7 h) using a glass wool-packed U-tube immersed
in a liquid-Nj cold trap (—196 °C) (Figure S4). These findings
suggest that As’ is just an intermediate before finally forming
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Figure 3. (a) Schematic diagram of the tandem reduction-detection flow-cell for vis-GaP@N-TiO,—~HCOOH-isAFS. (b) isAFS signals of As™, As",
Se', Se"!, Hg*", MeHg", EtHg", Ni**, Cd*, Zn®*, Fe**, Pb**, and Co®" (10 ng each) with 2.5% HCOOH (pH 3) at a flow rate of 0.4 mL min~"

under 420 nm irradiation.
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Figure 4. (a) Photo and (b) diagram of vis-GaP@N-TiO,—HCOOH-isAFS platform focusing on the tandem reduction-detection dual-function
flow-cell and the arrangement of the xenon lamp with a 420 nm optical filter, HCL, and PMT.

AsHj in the vis-GaP@N-TiO,—HCOOH system. The half-life
of As® was determined to be 1.9 s according to the logarithmic
AFS intensity over time (Figure SS), implying that the design
of a suitable tandem reduction-detection dual-function flow-
cell is very important for isAFS.

vis-GaP@N-TiO,—HCOOH-isAFS and Its Performance

We designed and made a quartz flow-cell with dimensions of
1.0 mm i.d. X 3.0 mm o.d. X 60 mm in length (Figure 3a). On
the inner surface of its preceding 45 mm, an 800 nm thick
GaP@N-TiO, layer (Figure S 1d) was sintered, while the
subsequent 15 mm was left as a transparent window for isAFS.
Using As HCL (Beijing General Research Institute for
Nonferrous Metals, China) to excite the As® formed from
As™ and/or As', the fluorescent signals emitted from the
excited As”* were collected by a sunblind photomultiplier tube
(PMT R7154, 160—320 nm, Hamamatsu, Japan) (Figure 3b).
Under the optimum conditions of 5.3 s 420 nm irradiation

13685

from a xenon lamp equipped with a 420 nm optical filter (300
W CME-Xe300F, Beijing Zhongke Weineng Technology Co.
Ltd., China) and 2.5% HCOOH with a flow rate of 0.4 mL
min~" (Figure 4, and see the optimization details in Supporting
Information, Table S1 and Figures S6—S8), the LODs (30) of
As™ and As" obtained were 2.23 and 2.45 pg mL™" with the
RSDs of 2.37% and 2.68% at 100 ng mL™" (n = 7), and the
linear range of their calibration curves extended up to 1000 ng
mL™" with a regression coefficient (R*) greater than 0.998
(Figure S9a). Higher concentrations were not tested
considering that higher concentrations would cause the
coalescence of free atoms to form nanoparticles,”® thereby
affecting the AFS detection. These LODs are 19 and 25 times
lower than those of 42.5 pg mL™" As™ and 62.3 pg mL™" As¥
obtained by the conventional HG-AFS using NaBH,, (Scheme
la and Table S1), and 37 and 40 times lower than 83.6 pg
mL™" As™ and 98.1 pg mL™" As" obtained using vis-GaP@N-
TiO,—~HCOOH-(AsH,/Ar—H,)-AFS (Table SI and Figure

https://doi.org/10.1021/jacs.5c20257
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S3). We speculate that the improvements in the LODs of
isAFS are mostly ascribed to the elimination of the dilution
effect during the transportation of CVS and in the Ar—H,
flame, although the collision quenching in solution should be
much more significant than that in the flame. After validation
by quantifying the total As content in the standard water
reference material GBW-08666 (Table S2), vis-GaP@N-
TiO,—HCOOH-isAFS was applied to the determination of
the total As in real-world kelp samples. The As concentration
of 11.6 + 0.35 mg kg™' determined in the kelp samples (n = 7)
was well in agreement with 11.5 + 0.18 mg kg™ (n = 7)
obtained with the Chinese National Standard HG-AFS
Method”” (Table S2, and see the detailed sample pretreatment
method in the Supporting Information), indicating that vis-
GaP@N-TiO,—HCOOH-isAFS was accurate and practical.
To expand the feasibility of vis-GaP@N-TiO,—HCOOH-
isAFS toward other elements, Se, Hg, Ni, Cd, Zn, Fe, Pb, and
Co were preliminarily investigated under the same conditions
as those for As, except for using their respective HCLs (Table
S1 and Figure 3b). Their LODs (36) reach 1.15 (HSeO;",
Se'), 1.22 (Se0,*", Se'"), 0.43 (Hg*"), 0.52 (MeHg"), 0.54
(EtHg"), 4.72 (Ni**), 5.18 (Cd*"), 6.42 (Zn**), 4.26 (Fe**),
4.40 (Pb*"), and 4.80 (Co*") pg mL™', respectively, with the
RSDs of lower than 2.73% at 100 ng mL™" (n = 7), and the
linear range of their calibration curves up to 1000 ng mL™"
(higher concentrations were not tested) with R greater than
0.997 (Figure S9b—i). Such LODs of the elemental species
investigated here generally correspond to their redox

. 1,23

potentials (Engeog/Se" =0.78 V; Egeoi’/Se" = 0.88V;

ED o0 g = 085V Qi o = —026 V;
0 - _ . 0 - _ .

ECd“/Cd“ = —-0.40V; EZn“/Zn“ = -0.76 V;

Ege”/Fe" = —0.04V; Egb“/Pb" = —-0.13V; and

Eg;o” co = —0.28 V); however, it should be noted that the

surface of GaP@N-TiO, at pH 3 is positively charged
considering its point of zero charge pH is 5.2 (Figure S1h).
The positively charged surface may attract negatively charged
ions such as H,AsO,” (As’), HSeO,™ (Se'¥), and SeO,>”
(Se'"), while repelling the positively charged Hg**, MeHg",
EtHg", Ni**, Cd**, Zn**, Fe*, Pb*', and Co*" to some extent,
resulting in their compromised LODs. But even so, their LODs
are still at least 1 order of magnitude superior to those reported
using optical AS and comparable to those obtained by direct-
injection inductively coupled plasma mass spectrometry.
Moreover, the speciation analysis of As (Figure S10a), Se
(Figure S10b), and Hg (Figure S10c) can be accomplished
when coupling with HPLC (Table S3), suggesting that vis-
GaP@N-TiO,—HCOOH-isAFS can be adopted as an HPLC
detector. However, it should be noted that the peak widths
determined are much shorter than we expected. These
phenomena observed might be due to the possible formation
of the nanoclusters and/or the CVS of the elements tested, and
the kinetics behind them remain to be further explored.

B CONCLUSIONS

We developed a vis-GaP@N-TiO,—HCOOH photocatalytic
approach for the atomization of the elemental species in
solution, replacing the standalone cool diffusion flame-based
atomizer(s) currently in use, while improving the LODs for As,
Se, Hg, Ni, Cd, Zn, Fe, Pb, and Co by more than 1 order of
magnitude at the pg mL™' level using vis-GaP@N-TiO,—
HCOOH-isAFS. Besides being able to do what the currently

most popular HG-AFS did, as well as being a greener or more
sustainable one, vis-GaP@N-TiO,—HCOOH-isAES has no
requirement for whether an element can be transformed into
CVS or not, implying that more elements can be determined as
long as they can be atomized in solution. Moreover, the
relatively cumbersome and inefficient yet necessary procedures
of generation, isolation, transportation, as well as atomization
of CVS for a targeted element in HG-AFS can be excluded; the
corresponding order-of-magnitude dilution effect on the CVS
during these processes can be thus overcome by vis-GaP@N-
TiO,—HCOOH-isAFS, lowering the limit of detection and
further improving sensitivity. We believe such a new paradigm
shift in atomization will trigger a revolution in the field of
optical AS and give birth to next-generation isAFS with the
characteristics of energy-saving, simple instrumentation and
green methods for the determination of more elements in the
Periodic Table of the Elements (Figure S11). Nevertheless, it
should be pointed out that the strongest reductive species
involved in vis-GaP@N-TiO,—HCOOH-isAFS for the atom-
ization of the elemental species is the CO,"™ radical converted
from HCOOH by the VB h7; its reducing power is still far
from sufficient for the atomization of alkali metals, alkaline
earth metals, and lanthanides as well. On the other hand, the
photoredox catalysts with more negative CB e~ should benefit
the improvement in the reducing ability. Thus, further efforts
to discover both novel precursor compounds of stronger
reducing radicals and photoredox catalysts with more negative
CB e~ hold significant promise.

B EXPERIMENTAL METHODS

Preparation of GaP@N-TiO, and Tandem
Reduction-Detection Dual-Function Flow-Cell

We started with the synthesis of nano GaP and N-TiO, to build a
GaP@N-TiO, nanocomposite. Briefly, nano N-TiO, was prepared by
a sol—gel method®® with some modifications using titanium
tetraisopropoxide as the titanium source, urea as the nitrogen source,
and acetylacetone as the stabilizer in anhydrous ethanol. To prepare
nano GaP, we first used anhydrous gallium chloride (GaCl;) to react
with sodium phosphide (Na;P) in distilled dimethylbenzene under an
anhydrous and oxygen-free atmosphere to produce a black solid
product.”® This product was then heated to 600 °C at a rate of 10 °C
min~" and kept for 1 h in a tube furnace under an argon atmosphere,
obtaining a brown product. After it was soaked in hydrochloric acid
for 12 h to remove the possible byproduct GaPO,, washed with
ultrapure water to neutrality, and dried under vacuum at 40 °C, we
finally obtained deep green GaP nanoparticles (see the experimental
details in Supporting Information). Subsequently, we prepared the
GaP@N-TiO, nanocomposite by dispersing GaP into the sol of N-
TiO, followed by calcination at 450 °C for 1 h (see the experimental
details in Supporting Information).

In parallel, the GaP@N-TiO, sol was injected into the quartz tube
[1 mm id. X 3 mm o.d. X 60 mm in length; pretreatment of the
quartz tube (JGS1, Beijing Jinghui Wanbo Technology Co., Ltd.) is
described in the Supporting Information] until 45 mm via a syringe,
and the remaining 15 mm was kept transparent as the excitation and
detection window for isAFS. After being maintained inside the tube
for 10 min, the sol was purged out of the tube in the reverse direction
using an Ar gas flow. Subsequently, the tube was dried at 80 °C for 30
min in an electric oven, then transferred to a muffle furnace, and
calcined at a gradually increasing temperature of 1.5 °C min™" to 450
°C and kept for 1 h. These procedures were repeated 5 times to
obtain an 800 nm film of GaP@N-TiO, on the inner surface of the
quartz tube. The obtained dual-function flow-cell was washed using
UPW and dried at 80 °C before use.

https://doi.org/10.1021/jacs.5c20257
J. Am. Chem. Soc. 2026, 148, 13682—13688


https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c20257/suppl_file/ja5c20257_si_001.pdf
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.5c20257?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society

pubs.acs.org/JACS

vis-GaP@N-TiO,—HCOOH-isAFS Platform

We adapted the optical system of AFS-9750 (Beijing Haiguang
Instrument Co., Ltd.) and its operation and data processing software
(Analyzer Software V2.0.01) to construct vis-GaP@N-TiO,—
HCOOH-isAFS platform with some modifications, as shown in
Figure 4. Keeping the angle of incidence of the HCL at 40°, we can
obtain optimal AF signals when the distance is 3 mm between the
center of the circular window of the PMT and the center of the light
spot from the HCL on the X-axis, during which the HCL and PMT
are aligned at 90°. In this situation, the window of the PMT and the
light spot from the HCL are partly overlapped, and the excitation
from the HCL and the signal acquisition by the PMT are controlled
simultaneously as well.
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