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MATERIALS AND METHODS

UV-vis Spectra of Au NPs and Au NPs-Adsorbed Ceramic Particles.
Ultraviolet-visible absorption measurement for Au NPs in solution was carried out on
a Perkin-Elmer Lambda 800/900 spectrophotometer in 1-cm quartz cuvette. In
experiment, water was used as the background reference and the scan rate was 750
nm min™. For measuring the spectrum of the solid Au NPs-adsorbed ceramic particles
based on a reflection model the spectrophotometer was equipped with a collector of
integrating sphere. Wetted ceramic particles were used as the background reference in

experiment.

Preparation Conditions of AuNT Water. In preparations deionized (DI) water
(pH 7.23, T = 23.5°C) flew through the glass tube filled with Au NPs-adsorbed
ceramic particles under illumination. The time for water flowing through the glass
tube is ca. 1500 s for both fluorescent lamp with full visible wavelength and green
light-emitting diodes (LED, wavelength maxima centered at 530 nm). Then the AuNT
water (pH 7.25, T = 23.3 °C) was collected in glass sample bottles for subsequent
measurements in 2 h. For examining the purity of the prepared AuNT water further
inductively coupled plasma-mass spectrometer (ICP-MS) analyses indicated that the
concentrations of the slightly dissolved metals in the AuNT water are ca. 0.62, 43, 25,
23,13, 4.5 and 0.41 ppb for Au, Na, K, Al, Mg, Ca and Fe, respectively. Excluding Au,
the total equivalent molar concentration of these dissolved metals is equal to 6.9 x

10°° M. This measured value is ca. 2.4 x 10”7 M for DI water as a reference.

Raman Spectra Recorded on Water and Their Deconvolutions. In
measurement prepared water was sealed in a 0.5 mL cell with glass window. Raman
spectra were recorded (Micro Raman spectrometer, Model RAMaker) by using a
confocal microscope employing a DPSS laser operating at 532 nm with an output
power of 1 mW on the sample. A 50x, 0.36 NA Olympus objective (with a working
distance of 10 mm) was used to focus the laser light on the samples. The laser spot
size is ca. 2.5 um. A thermoelectrically cooled Andor iDus charge-coupled device
(CCD) 1024 x 128 pixels operating at -40 °C was used as the detector with 1 cm’
resolution. All spectra were calibrated with respect to silicon wafer at 520 cm’. In
measurements, a 180° geometry was used to collect the scattered radiation. A 532
notch filter was used to filter the excitation line from the collected light. The
acquisition time for each measurement was 1 s. Thirty sequential measurements were

collected for each sample. These Raman spectra were further deconvoluted into five



Gaussian sub-bands based on the methods shown in the literature.'” In deconvolution
the five-Gaussian components with the center wavenumbers at 3018, 3223, 3393,
3506 and 3624 cm™ were adopted for all samples. Moreover, the full width at half
maximum (FWHM) of the individual component in the five-Gaussian fit was equal
for all samples. These values are 234, 201, 176, 145 and 112 cm’ for bands at 3018,
3223, 3393, 3506 and 3624 cm™, respectively. The qualities of these fitted spectra are

satisfactory.

FTIR Spectra Recorded on Water. In measurement prepared water was injected
into a precision demountable cell (International Crystal Laboratories) for liquid
sample. A teflon spacer with a thickness of 0.015 mm was employed. The Fourier
transform infrared (FTIR) spectra were measured on a model Bruker-Tensor 27
spectrophotometer with a resolution of 4 cm™. Thirty-two sequential measurements

were collected for each sample.

Saturated Solubility of Solute and Maximum Content of Dissolved Oxygen in
Water. The solubility of NaCl in water was obtained by dissolving excess NaCl in 20
mL water under stirring for 30 min. Then the solution is stirless for another 30 min.
Subsequently, five samples of 1 mL of the clear NaCl-saturated solution were
weighted. The saturated solubility of NaCl based on 1 dL water can be calculated by

3 for NaCl and water,

utilizing the known densities of 2.165 and 1 for g cm’
respectively. The relative deviation of individual value from the average value is less
than 3 %. In measurement for Tapimycin, 1.2 g sample was placed in a sample cell.
Then water was slowly dropped into the sample cell under stirring until no dissolved
sample powder was observed and the solution became transparent colloidal solution.
The saturated solubility of Tapimycin based on 1 dL water can be calculated by
utilizing the measured mass of 1.2 g and used volume of water (1 g cm™). Replicate
measurements of three times were performed. The relative deviation of individual
value from the average value is less than 10 %. In measurement of maximum content
of dissolved oxygen in water, pure oxygen was bubbled into 40 mL water in a 50 mL
sample cell without sealing for 30 min and then stopped bubbling under sealing for
another 5 min. Immediately, the maximum dissolved oxygen in water was recorded on
a oxygen-dissolved meter (DO-5510, Lutron electronic enterprise Co., Ltd., Taiwan).
Replicate measurements of three times were performed. The relative deviation of

individual value from the average value is less than 5 %.

Saturated Vapor Pressure of Water at 25 °C. A static vapor-liquid-liquid
equilibrium (VLLE) apparatus was used to measure the VLLE data. The equipment is



similar to that reported in the literature.* The heart of the apparatus is a visual
equilibrium cell that is immersed in a visibility thermostatic bath (Model- TV 4000,
stability = £ 0.03 K, Neslab, USA). The phase behavior in the equilibrium cell can be
observed through the transparent windows. Bath temperature is measured by a
precision thermometer (Model-1560, Hart Scientific, USA) with a platinum RTD
probe to an accuracy of 0.02 K. A pressure transducer (Model, PDCR-912, 0-1000
kPa, Druck, UK) with a digital indicator (Model DPI-261, Druck, UK) measures the
equilibrium pressure. The accuracy of the pressure measurement is about £ 0.1 %. A
proper amount of solution is loaded in the degassing unit at the beginning of an
experiment. The degassing procedure is similar to that reported in the literature.” The
degassed solution is then transferred into the equilibrium cell, in which the levels of
the vapor-liquid-liquid interfaces should be adjusted properly such that the upper
liquid phase can be circulated. Both liquid and vapor mixtures are circulated
alternatively by the circulation pumps to promote equilibration. While the system

reaches equilibrium, the pressure reading of the cell approaches a constant.

Evaporation Rate of Water in Ambient Laboratory Air. Two samples of 80 mL
DI water were individually added in glass beakers (250 mL), which were placed on a
platform of an orbital shaker under illumination of fluorescent lamp together,
operating at 150 rpm. In one beaker, it contained Au NPs-adsorbed ceramic particles
(ca. 20 mL) at the bottom for preparation of AuNT water. In the other beaker, it
represents a blank experiment for DI water. The weight of each beaker, containing
water or water and Au NPs-adsorbed ceramic particles, was measured every hour for

7 h to determine the evaporating mass (g) of water per hour.

Swelling Test of Artificial Skin on Water. Two pieces of dry and pre-weighted
artificial skins (product no. 412021, ConvaTec Inc., USA) of 0.5 x 0.5 cm’ were
individually immersed in DI water and AuNT water for 1 h. Then the excess water on
the surfaces of skins was quickly and slightly wiped off by using experimental wiper
paper (Kimwipes®). Subsequently, the wet skins were weighted. The degree of
swelling of artificial skin is defined as follows, which was generally shown in the

literature.’

Degree of swelling = (wet weight — dry weight) / (dry weight) x 100 % (2)

Chemical Activity of Water in Reduction Preparation of Au NPs. First, ca. 500

ppm Au-containing complex was electrochemically prepared in DI water by using the



similar method shown in a previous report.” Typically in preparation of Au-containing
complex, the Au electrode was cycled in a deoxygenated aqueous solution containing
1 N NaCl from -0.28 V (holding 10 s) to 1.22 V (holding 5 s) at 500 mV s™ for 500
scans. Then 8 mL DI water or AuNT water was mixed with 2 mL of the prepared Au
complex-containing solution in a glass sample cell (20 mL). The final concentration
of the Au-containing complex in solution was 100 ppm. Subsequently, 10 mg Ch was
added in the mixed solution for capping the Au-containing complex under slight
stirring for 10 min. Finally, the samples were sealed and placed in ambient laboratory
air for further reaction. Generally, the used Ch can be dissolved in an acidic solution.
In this experiment, the pH of the solution is ca. 6.7. Thus, the Ch-capped Au complex

was settled down without stirring.

Measurement of Free Radicals by Electron Spin Resonance Spectroscopy. In
electron spin resonance (ESR) measurement, a Bruker EMX ESR spectrometer was
employed. ESR spectra were recorded at room temperature using a quartz flat cell
designed for solutions. The dead times between sample preparation and ESR analysis
were exactly 1.5 and 10 min for experiments in hydroxyl and DPPH free radicals,
respectively, after the last addition. Conditions of ESR spectrometry were as follows:
20 mW power at 9.78 GHz, with a scan range of 100 G and a receiver gain of 6.32 x
10*.

Sample Preparation for Measuring Hydroxyl Free Radicals. The hydroxyl free
radicals were obtained by using the well-known Fenton reaction, in which ferrous iron
donates an electron to hydrogen peroxide to produce the hydroxyl free radical.®’
Because the produced hydroxyl free radicals are very unstable they are capped by
spin-trapping using DMPO to form more stable complex radicals for exact detection.
The sample preparation is described as follows. First, 140 uLL DI water or AuNT water
was added in a microtube (Eppendorf). Then 20 uL. PBS (10X) was added in the tube.
A complex of EDTA-chelated iron(Il) was prepared by mixing 0.5 mM iron(Il)
chloride tetrahydrate and 0.5 mM EDTA with equal volume. Subsequently, 20 pL
EDTA-chelated iron(Il) (0.25 mM), 10 pL H,O; (0.2 mM) and 10 uL DMPO (2 M)
were sequentially added in the tube. The final volume in the tube is 200 puL. Exact 1.5
min later from the addition of DMPO ESR analysis was performed. To obtain an ESR
spectrum, sample was scanned for ca. 1.5 min, accumulated 8 times, and all signals

were averaged.

Sample Preparation for Measuring DPPH Free Radicals. Compared to
hydroxyl free radicals DPPH is a kind of stable free radicals. The sample preparation



is described as follows. DPPH was dissolved in methanol to prepare 4 mM DPPH
solution. Water with different volume ratio of AuNT water in DI water was also
prepared. Then the prepared DPPH solution and water were mixed (100 pL each) in a
microtube. The final concentration of DPPH in solution is 2 mM. Exact 10 min later
from the mixing of DPPH and water ESR analysis was performed. In measuring an

ESR spectrum, sample was scanned for 1 time (ca. 42 s).

LPS-Induced Nitric Oxide Release in Culture Medium. Determination of nitric
oxide (NO) production was made following the method shown in the literature.'® DI
water and AuNT water were respectively used for medium preparation. RAW 264.7
cells, a murine macrophage cell line, were obtained from American Type Culture
Collection (ATCC) and cultured at 37 °C in Dulbecco's Modified Essential Medium
supplemented with 10% fetal bovine serum (FBS), 100 units mL™"' penicillin, 100 pg
mL " streptomycin, and 5% CO, in incubation chamber as recommended by ATCC.
Briefly, RAW 264.7 cells grown on a 10 cm culture dish were seeded in 96-well plates
at a density of 2x10° cells/well. Adhered cells were then stimulated with various
concentrations (0-100 ng mL™") of E. coli LPS for 24 h. Nitrite in culture medium was
measured by adding 100 pL of Griess reagent (1% sulfanilamide and 0.1%
N-[1-naphthyl]-ethylenediamine dihydrochloride in 5% phosphoric acid) to 100 pL
samples of the medium for 10 min at room temperature. The optical density at 570 nm
was measured using a Multiskan RC photometric microplate reader (Labsystems,
Helsinki, Finland). A NO standard curve was made with sodium nitrite. The levels of

NO production were normalized to cell viability.



ADDITIONAL DISCUSSIONS

DNHBWs on Differently Treated Water. As demonstrated in Table 1 of main
text, the DNHBW of AuNT water without illumination of light is 21.50 %, which is
very close to the value of DI water. This water was obtained by using the similar
preparation condition used in the preparation of the AuNT water, but the experiment
was performed in dark. It indicates that illumination of light is necessary for the
preparation of SWC water. The DNHBW of AuNT water prepared under illumination
of green LED light is 26.23 %, which is far higher than the value of AuNT water. It
reveals that resonant light from green LED is more capable for effective preparation
of SWC water. Ag or Pt NPs instead of Au NPs were also employed in the
preparation of SWC water under illuminations of fluorescent lamps. The results are
also positive. The values of DNHBW are 24.36 and 24.23 % based on Ag and Pt NPs,
respectively. As shown in the literature,'""
observed on the surfaces of Au-decorated TiO, NPs. In this work, Auw/TiO,

nanocomposites instead of Au NPs were also employed in the preparation of SWC

photocatalytic splitting of water was

water under illumination of fluorescent lamps. The corresponding DNHBW 1is 24.17
%, which is very close to the value of AuNT water. It indicates that the photocatalyst
of TiO; helps less for the preparation of SWC water in our system. It is well known,
the catalytic activity of supported Au NPs is higher than that of unsupported Au NPs.
In this work, Au NPs are adsorbed on ceramic particles, in which the main component
is Si10,. Therefore, Au NPs were deposited on an Au substrate (4 x 4 cm) by using
electrochemical oxidation-reduction cycles (ORC; 500 cycles were used in this
experiment)'® to examine the supporting effect on the corresponding DNHBW. This
Au NPs-deposited substrate was immersed in 20 mL DI water in a glass bottle. Then
the bottle was placed on a shaking platform under illumination of fluorescent lamps
for 2 h. The corresponding DNHBW is 22.86 %, which is higher than the value of DI
water. It reveals that Au NPs themselves can break down hydrogen bonds of water
under illumination of resonant light to form SWC. Moreover, to examine the
influence of the mixing process between DI and AuNT water on the DNHBW, Raman
spectra were recorded on the mixing water by adding different volumes of AuNT
water in DI water. Basically, it demonstrates a linear relationship between DNHBW
and the corresponding ratio, as shown in Figure S1. It reveals that the mixing process
belongs to a physical process and DNHBW defined in this work is a reliable index on
the evaluation of SWC.

We also carried out the kinds of experiments on D,O that are routinely done to
assess the degree of hydrogen bonding in H,O water. The experimental results
indicate that the values of DNHBW based on D,O are 23.24, 24.15 and 25.00 % for



untreated D,0O, AuNT D,0 and super SWC derived D,0, respectively, as shown in
Table S1 and Figure S2. The definition of DNHBW is the same as used in water
based on H,O, however, the five Gaussian sub-bands are based on O-H stretching
(2700~3900 cm™) and O-D stretching (2000~3000 cm™) for H,O and DO,
respectively. The definitions of AuNT and super SWC are the same as used in water
based on H,O. In deconvolution the five-Gaussian components with the center
wavenumbers at 2267, 2372, 2488, 2589 and 2677 cm’ were adopted for all D,O
samples. Moreover, FWHM of the individual component in the five-Gaussian fit was
equal for all D,O samples. These values are 149, 118, 134, 143 and 123 cm” for
bands at 2267, 2372, 2488, 2589 and 2677 cm'], respectively. The qualities of these
fitted spectra are satisfactory. The sub-bands on the low and high frequency sides are
related to strong and weak hydrogen-bonded OD features, respectively, as shown in
the literature.'*"* Although the hydrogen bond in D,O is stronger than that in H,O the
DNHBW can be also increased from 23.24 to 24.15 % by utilizing the LSPR effect
from the ceramic supported Au NPs. This is an increase of ca. 3.9 % for the DNHBW.

This increase can be enhanced to 7.6 % by using super SWC.

Saturated Solubility of Solutes and Content of Maximum Dissolved Oxygen
in Water. As demonstrated in Table S2, the saturated solubility of NaCl in DI water at
room temperature is 36.2 g d L™, which is very close to the well-known value of 36.0
g d L™ at 25 °C. Interestingly, this saturated solubility is 41.3 g d L™' in AuNT water.
It is an increase of 14 % of magnitude, as compared with the value measured in DI
water. Moreover, based on the AuNT water prepared under LED illumination, this
increase can be further improved to 22 % of magnitude. Also, the saturated solubility
of Tapimycin (a kind of antibiotic) can be significantly increased by 35 % of
magnitude when DI water was replaced by AuNT water in experiment. Moreover,
based on the AuNT water prepared under LED illumination, this increase can be
further improved to 51 % of magnitude. These results indicate that both electrolyte
and colloid can be more effectively dissolved in AuNT water with SWC. Moreover,
the dissolution of oxygen was also investigated to evaluate the enhanced capacity in
carrying oxygen for AuNT water. As demonstrated in Table S2, the maximum content
of dissolved O, in DI water at room temperature is 20.3 mg L. Interestingly, this
value was measured to be 23.8 mg L' in AuNT water. It is an increase of 17 % of
magnitude, as compared with the value measured in DI water. More free water in the
AuNT water with weaker hydrogen bonding, which can more effectively interact with
dissolved O, by hydrogen-bonding, is responsible for this result. Based on the AuNT
water prepared under LED illumination, this increase can be improved to 36 % of

magnitude, as expected, due to more free water available.



Vapor pressures of AuNT and DI water. As shown in Table S3, at beginning,
the vapor pressures were 0.0208 and 0.0327 bar for DI water and AuNT water,
respectively. It revealed that the AuNT water with SWC evaporated instantaneously.
After 6 h, the saturated vapor pressures were 0.0316 and 0.0344 bar for DI water and
AuNT water, respectively. It indicated that the saturated vapor pressure of AuNT
water is significantly higher than that of DI water.

Evaporation Rates and Heating Time for Boiling of AuNT and DI Water. As
shown in Figure S3, in the first hour, the evaporation rate of AuNT water is increased
by ca. 3.5 % of magnitude, as compared with that of DI water. Finally, in the 6™ to 7"
hours, this increase has been enhanced to ca. 12 to 13 %, which is very close to the
corresponding increase of DNHBW of 13 %. Based on this distinct property of AuNT
water, time for heating water (50 mL water in 100 mL beaker) from room temperature
to its boiling point was also investigated. Experimental results reveal that ca. 6, 5 and
4.5 min are necessary for boiling DI water, AuNT water and AuNT water prepared
under illumination of LED, respectively, in the same heating condition. As expected,

AuNT water with weaker hydrogen bonding boils faster than DI water does.

Contact Angles and Penetration Abilities of AuNT and DI Water. The contact
angles of DI water and AuNT water on artificial skins are shown in Figure S4. At
beginning, the contact angles are 89.7° and 83.5° for DI water and AuNT water,
respectively. It reveals that the cohesion of AuNT water with weaker hydrogen
bonding is weaker than that of DI water. Also, the contact angles on general glass
slides are 47.9°, 48.3° and 41.7° for DI, CPT and AuNT water, respectively. The
results are consistent with those observed on the artificial skins and discussed in the
Raman spectra. After 10 min, the contact angles on artificial skins are slightly and
greatly deduced to 80.8° and 44.9° for DI water and AuNT water, respectively.
Moreover, the volume of AuNT water is significantly reduced on the artificial skin
after 10 min. Because the diameter of the drop is unchanged this reduction in drop
volume could not be ascribed to the evaporation of water. Easy penetration into
artificial skin for AuNT water should be responsible for this phenomenon.

Chemical Activity of AuNT Water in Reduction. As shown in Figure S5, the
absorbance maximum band of the electrochemically prepared Au-containing complex
without Ch appears at ca. 312 nm. This absorbance band disappears when the solution
was diluted with both DI water and AuNT water and Ch was added in the diluted

solution because most of the yellow Ch-capped Au complex was settled down in the



neutral solution. Encouragingly, after 3 days, the color of the settlement in the AuNT
water-containing solution became wine-red. Also, the absorbance maximum band of
the solution appears at ca. 522 nm, as shown in spectrum (E) of Figure S5. It indicates
that the Au NPs have been successfully prepared'® under the assistance of reducing
agent of AuNT water. As reported by Vohringer-Martinez ez al.,'’ radical-molecule
gas-phase reaction could be catalyzed by water molecules through their ability to form
hydrogen bonds. Small gas-phase water clusters could bind an excess electron through
a double hydrogen-bond acceptor motif.'® However, this distinct chemical activity of
liquid water is less discussed in the literature. It opens a new green pathway in
chemical reduction. We think more free water available in the AuNT water with
weaker hydrogen bonding should be responsible for this distinct activity. After 5 days,
the color of the settlement in the DI water began changing into pink one. However,
there is still no absorbance maximum band in the solution that can confirm the
existence of Au NPs, as shown in spectrum (F) of Figure S5. At that time, the
absorbance maximum band of the AuNT water-containing solution shifts from 522 to
524 nm, as shown in spectrum (G) of Figure S5. This red shift in spectrum results
from the aggregation of Au NPs because more Au NPs have been produced in the

solution after 5 days.
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Table S1. Ratios of five-Gaussian components of OD stretching Raman bands and

degree of nonhydrogen-bonded water (DNHBW) for various pure water of D,0.

Sample (1) 12267 (2)2372  (3)2488  (4)2589  (5)2677 DNHBW
em? (%)  em? (%)  em’ (%) cm’ (%) cm’ (%) (%)
a 4.76 34.30 37.70 17.95 5.29 23.24
b 4.62 34.05 37.18 18.83 5.32 24.15
c 3.00 33.64 38.36 19.16 5.84 25.00

Various samples of pure water of D,O: (a) D,0O; (b) AuNT D,O; (c) super SWC water

OszO.
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Table S2. Saturated solubilities of solutes and content of maximum dissolved oxygen
in various pure water (1 atm and water temperature of 22.8 °C).

NaCl Tapimycin (antibiotic) (0)3

(gdL™) (gdL™) (mgL™")
DI water 36.2 104.5 20.3
“AuNT water 41.3 140.6 23.8
®AuNT water 44.0 158.2 27.7

*AuNT water prepared under illumination of fluorescent lamp.

P AuNT water prepared under illumination of green LED light.
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Table S3. Saturated vapor pressures of DI water and AuNT water at 25 °C.

0 min (bar) 30 min (bar) 3 h (bar) 6 h (bar)
DI water (24.8°C) 0.0208 0.0313 0.0313 0.0316
AuNT water (24.7°C) 0.0327 0.0356 0.0354 0.0344

Note: Saturated vapor pressure of water is 0.0317 bar at 25 °C according to steam
table.
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Table S4. Degree of swelling of artificial skin by using DI or AuNT water.

Dry weight (g) Wet weight (g) Degree of swelling (%)

DI water 0.1217 0.1332 9.45
AuNT water 0.1328 0.1485 11.8

16
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Figure S1. DNHBW of water composed of different ratios of AuNT water in water.
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Figure S2. Raman spectra of OD stretching of various water of D,0O: (A) Original
Raman spectra for untreated D,O, AuNT D,0 and super SWC derived D,0O. (B) Five
Gaussian sub-bands of D,O for reference. (C) Five Gaussian sub-bands of AuNT D0,
which was prepared under illumination of green LED light. (D) Five Gaussian
sub-bands of super small water-clusters (SWC) derived D,0O; this super SWC Raman
spectrum was obtained by irradiating D,O-wetted ceramic-supported Au NPs with

laser light at 532 nm under in situ Raman experiment.
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Figure S3. Evaporation rates (g h™) of DI water (black block) and AuNT water (red

block) at 1 atm and room temperature.
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Figure S4. Contact angles of DI water (A) and AuNT water (B) on artificial skins with

time.
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Figure S5. UV-vis absorption spectra of precursors of Au NPs (orange line, spectrum
A), obtained Au NPs in DI water with chitosan (black lines, spectra B, D and F for
experiments after 0, 3 and 5 days, respectively) and in AuNT water with chitosan (red

line, spectra C, E and G for experiments after 0, 3 and 5 days, respectively) with time.
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