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Abstract

Ultrasound has been widely applied in nanoparticle synthesis, yet studies on the effects of
audible sound on nanoparticle formation are limited. This study utilizes a simple speaker setup to
generate audible sound waves, inducing Faraday waves on the solution surface and internal flow to
assist in synthesizing nickel nanoparticles (Ni NPs). Faraday waves are nonlinear standing waves on
a surface that can produce various waveforms by adjusting parameters such as container shape and
vibration frequency. Using Faraday wave assistance, we prepared Ni NPs with differing properties
through chemical reduction and electrodeposition methods. SEM measurements were conducted to
compare the morphology and distribution of Ni NPs synthesized without assistance, with Faraday
wave assistance, and with ultrasonic assistance. These Ni NPs were then applied in the catalytic
reduction of organic compounds, including Congo red, methylene blue, 4-nitrophenol, and 2-
nitrophenol. Based on SEM results, catalytic reduction outcomes, and theoretical simulations of
reaction heat, we confirm that Faraday waves improve Ni NP particle size, dispersibility, hydrogen

adsorption capacity, and catalytic reduction efficiency.
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Absorbance vs. Wavelength
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-~ MR 1 p W B 4 e Python A2.5% %r A
# -*- coding: utf-8 -*-

import pyaudio

import numpy as np

import time

import threading

def play_audio():
global is_playing
is_playing = True

duration= 1800 # FAFHFHE (F)
frequency =75 # ##i 5 (Hz)
sample_rate = 48000 # P~ F (= fi#k ~dc)

volume = 1

# 4 AERE S
t = np.linspace(0, duration, int(duration * sample_rate), endpoint=False)
#oA S E R e

wave = volume * np.sin(2 * np.pi * frequency * t)

p = pyaudio.PyAudio()

stream = p.open(format=pyaudio.paFloat32,
channels=1,
rate=sample_rate,

output=True)

chunk size =1024 # % =X B » ek A B~ )

num_chunks = len(wave) // chunk_size
start_time = time.time()

for i in range(num_chunks):
if not is_playing:
break
chunk = wave[i * chunk_size:(i+ 1) * chunk_size]

stream.write(chunk.astype(np.float32).tobytes())
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current time = time.time() - start_time

print(f' = % 4%*x: {current_time:.2f} #;, #F|4%: {duration - current_time:.2f} #;")

# IR A
if len(wave) % chunk_size != 0 and is_playing:

stream.write(wave[num_chunks * chunk size:].astype(np.float32).tobytes())

stream.stop_stream()
stream.close()
p-terminate()

print("# 3 % & ")

def stop_playing():
global is_playing
input("4+7 Enter i% ik #%3c")

is_playing = False
is_playing = False

# Faide 3% thread
audio_thread = threading. Thread(target=play_audio)
audio_thread.start()

B R L 4

stop_playing()

audio_thread.join()

= o~ 2 p W A2 44 e Arduino 425 %r &

const int currentPin = 9; // PWM ﬁ%l RHERR RN 4 3 R ind

const int voltagePin = 10; // PWM ﬁ;—] Malgr s g R

IR AR BRE
const float defaultCurrent =0.04; // FEX T E (H > X33)
const float defaultVoltage =5.0; // FEX TR E (H = K4F)

I RBRERF (i )
const unsigned long platingTime = 1800000; // 30 4 4&

I Fe I etk
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bool isPaused = false; // * **{3c £ F 47 i%
unsigned long pausedTime =0; // & &% i% pF &

void setup() {
pinMode(currentPin, OUTPUT); // % T % in3l%r 4 %?J D
pinMode(voltagePin, OUTPUT); // % T 7 &R 31 %ri ﬁiq?l A5t

digital Write(currentPin, LOW);
digitalWrite(voltagePin, LOW);

Serial.begin(9600); // A=4ait # ¢ £ > K A £ 5 9600

void loop(){
static bool platingStarted = false; // * ** &z T FELFE © B4

static unsigned long startTime = 0; // & &% 48R 4ochpF [F

08 R S S
if (Serial.available() > 0) {

/| #P~¢ v il%l >

char input = Serial.read();

/ &r%ﬁ%l >35S BT ARAR A

if (input =="'s' && !platingStarted) {
setPlatingParameters(defaultCurrent, defaultVoltage); / % %% 4% % ¥
startTime = millis(); / 54T 4R 4o R
platingStarted = true; // iz T 45" B4

H

/ &r%%?] G WiR R4

else if (input =='p' && platingStarted && lisPaused) {
digital Write(currentPin, LOW); // #-% i3l %rk & M T
digitalWrite(voltagePin, LOW); // #-§ R 51%r% 5 KT T
pausedTime = millis(); // % &4 ispr @
isPaused = true; // th3e i Wik
Serial.printIn("Plating paused."); // il v f7is

H

/ &r%ﬁ%l »ET R T

else if (input == 'r' && platingStarted && isPaused) {
setPlatingParameters(defaultCurrent, defaultVoltage); / x4k & 4% % ¥
startTime += millis() - pausedTime; // # BB 4P B 01 % g ¥ pr 7
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isPaused = false; // {&3z 5 A f7iz

Serial.println("Plating resumed."); // i Fre $xiR

/] ek TARS GELE T AR 3R E FIAPERT T T
if (platingStarted && !isPaused) {
unsigned long elapsedTime = millis() - startTime; // 3+ 3 ¢ i enpd &
if (elapsedTime >= platingTime) {
/] RAEPFRE e iRk 4R
digital Write(currentPin, LOW); // #-F in3l%r%k 2 Mg T
digitalWrite(voltagePin, LOW); // #-§ R 51%r% 5 K3 T
platingStarted = false; // i 4 B &
Serial.println("Plating finished."); // i€ 4r2 %4
} else {
/] Bgam FlARpE
unsigned long remainingTime = platingTime - elapsedTime; // 3* & §|4pF B
Serial.print("Plating remaining time: ");
Serial.print(remainingTime / 1000); // #-% §; &4 5 §)

Serial.println(" seconds");

void setPlatingParameters(float current, float voltage) {
/] #Tn e 5 PWM AR 5 R (0-255 i )
int currentPWM = map(current, 0, 1, 0, 255);

/] #T R EHEE S PWM SR 5 R (0-255 i )
int voltagePWM = map(voltage, 0, 5, 0, 255);

/I FE T PWM ﬁg?] BRI R T R
analogWrite(currentPin, currentPWM);

analogWrite(voltagePin, voltagePWM);

I BT R TAOT e BRE
Serial.print("Setting current to: ");
Serial.print(current);

Serial.print(" A, Voltage to: ");
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Serial.print(voltage);

Serial.println(" V");

2o 3R Ea e (T EE)
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4-NP Calibration Curve
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(=) &7 FMB)

R

%%chk=\data\akenmjclab13\MB-sin-opt.chk

# opt b3lyp/6-31g(d,p)

MB-sin-opt

p—
—

T T m T O 0 0 0z Z 0o 000z o0 noaoo0o00n00aQ0

3.60788700
3.79771000
2.64196900
1.37367400
1.17721700
2.35443000
-0.00000500
-1.37368000
-1.17723000
0.00000100
-2.64197600
-3.79770600
-3.60789000
-2.35442900
5.04168500
-5.04167400
5.22759600
6.22925300
-6.22926900
-5.22756400
4.46474600
2.74679900
2.20430500
-2.74682600

-1.42602700
-0.00009500
0.82787900
0.27643000
-1.15024300
-1.96324900
1.36312100
0.27642200
-1.15024000
-1.78009100
0.82787300
-0.00010900
-1.42603400
-1.96325800
0.53350400
0.53349900
1.98601600
-0.32728700
-0.32726300
1.98601900
-2.08570300
1.90512000
-3.03730500

1.90511100
63

-0.00009500
-0.00006000
0.00002800
0.00003400
-0.00000800
-0.00007000
0.00010100
0.00006100
0.00008400
0.00004700
0.00004500
-0.00006600
0.00015800
0.00019500
-0.00010500
-0.00037800
0.00008400
-0.00011800
-0.00014300
0.00001600
-0.00013000
0.00008300
-0.00008500
0.00012100



T o T T T X &I @m T T T & T T

-4.46475400
-2.20430000
4.78307400
4.78335700
6.29258600
6.25986600
6.25960100
7.11873400
-6.26033100
-7.11874100
-6.25920200
-4.78275600
-6.29254500
-4.78358000

-2.08569900
-3.03731300
2.44220200
2.44195100
2.20914600
-0.96220000
-0.96249700
0.29957900
-0.96140300
0.29961200
-0.96325200
2.44232600
2.20917400
244182100

%chk=\data\akenmjclab13\MB-sin-opt.chk

# opt b3lyp/6-31g(d,p) scrf=(cpcm,solvent=water)

MB-opt-sol

Oz O 0 »nv.ao 0000 ~

-3.60986600
-3.79708200
-2.63974600
-1.37338500
-1.17784400
-2.35683500
0.00000300
1.37338800
1.17784600
-0.00000100
2.63975100

1.42635000
-0.00053500
-0.82711100
-0.27399500

1.15321600

1.96396500
-1.36161500
-0.27399100

1.15321900

1.78433200
-0.82710500
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0.00036100
0.00036500
-0.89117500
0.89161600
-0.00006500
0.89133600

-0.89136200
-0.00037100

0.89185900
-0.00144300
-0.89083400
-0.89103700
-0.00043600

0.89174800

0.00003100
-0.00002100
-0.00001400

0.00000600

0.00003900

0.00005700
-0.00000300
-0.00000700

0.00003800

0.00006400
-0.00004000



T T E D E D DT I T I T I T I T I OO0O00ZZzZ0aaa0n

3.79708400
3.60986600
2.35683300
-5.03805600
5.03805500
-5.22143100
-6.22702800
6.22703800
5.22141100
-4.46767700
-2.74242200
-2.21235500
2.74243100
4.46767400
2.21235000
-4.77412200
-4.77433200
-6.28608500
-6.25690300
-6.25670700
-7.11332500
6.25726700
7.11332700
6.25638100
4.77384700
6.28606100
4.77455000

-0.00052700
1.42635800
1.96397000

-0.53518300

-0.53518300

-1.98804200
0.32286900
0.32285500

-1.98804400
2.08433000

-1.90417300
3.03882200

-1.90416700
2.08434100
3.03882700

-2.44159800
-2.44150600
-2.21049400
0.95783900
0.95818100

-0.30769500
0.95731700

-0.30771900
0.95867500

-2.44181700

-2.21051200

-2.44127800

65

-0.00008900
0.00004400
0.00008700

-0.00007000

-0.00023500

-0.00000800
-0.00002200
-0.00010900

0.00016200
0.00005900

-0.00002700
0.00009700

-0.00003700
0.00016200
0.00019000

-0.89047600

0.89061500
-0.00012900
0.89093600

-0.89073700

-0.00025000

0.89120600

-0.00107700

-0.89046500

-0.89006400

-0.00021500

0.89102600



%chk=\data\akenmjclab13\LMB-sin-opt.chk

# opt b3lyp/6-31g(d,p)

LMB-sin-opt

()
—

T T m T T O O QO O Z zZz2 00 000z o0ooaonvwo000n0aoaa0

-3.56926500
-3.72030300
-2.57566500
-1.36666300
-1.22689300
-2.34554800
-0.00000300
1.36666700
1.22688100
0.00000300
2.57566500
3.72028600
3.56919500
2.34546600
-4.95124200
4.95125700
-4.97553600
-6.00269600
6.00281800
4.97554400
-4.40102700
-2.61624600
-2.26173500
0.00001400
2.61625400

-1.34592500
0.04623100
0.77438500
0.13649700

-1.24989100

-1.96827400
1.09401800
0.13651300

-1.24987500

-1.88514200
0.77439800
0.04625200

-1.34586200

-1.96821500
0.68104700
0.68105500
2.12930100

-0.05090400

-0.05100000
2.12929200

-1.95767400
1.85053400

-3.04215500

-2.87497900

1.85054800
66

0.28483800
0.12195900
-0.26713200
-0.53770400
-0.37703700
0.05164700
-1.17882300
-0.53770700
-0.37696100
-0.65110600
-0.26716500
0.12202800
0.28512400
0.05193900
0.32328600
0.32319000
0.43546900
1.00758500
1.00722200
0.43563200
0.60939900
-0.37665700
0.20418800
-0.44645800
-0.37670400



T o T T T X &I @m T T T & T T

2. AT B

4.40088400
2.26161600
-4.37370700
-4.60748900
-6.00690800
-6.27778400
-5.72770100
-6.89333200
6.27751600
6.89358300
5.72813900
4.37367500
6.00691000
4.60754800

-1.95758000
-3.04206500
2.51281300
2.59754900
2.45820600
-0.95170700
-0.35753600
0.57730500
-0.95191700
0.57705900
-0.35747100
2.51264800
2.45816700
2.59770400

0.60993400
0.20467700
1.27601000
-0.48353500
0.57521500
0.44859500
2.03056700
1.06684600
0.44822600
1.06609900
2.03034100
1.27621300
0.57549100
-0.48330800

%chk=C:\Users\ASUS\Downloads\ref-coor\MB\LMB-sin-opt-sol.chk

# opt b3lyp/6-31g(d,p) scrf=(cpcm,solvent=water)

LMB-sin-opt-sol

(e}
—_

O OO Z2 0 0 »nvn.ao oo oao0 0

3.55945300
3.71513400
2.57338100
1.36859000
1.22492200
2.33999100
0.00000000
-1.36859100
-1.22492400
-0.00000100
-2.57338200
-3.71513500

1.34335300
-0.05042600
-0.77595700
-0.13099900

1.25410500

1.96967600
-1.08034900
-0.13099900

1.25410500

1.89208100
-0.77595800
-0.05042800

67

0.30132200
0.13000500
-0.27813500
-0.55747200
-0.39119500
0.05714200
-1.21643000
-0.55747300
-0.39119600
-0.68070800
-0.27813800
0.13000100



T T T T I I T T T D DK KT T @D D E T OO0O00Z 2z 00

-3.55945500
-2.33999300
4.94159200
-4.94159300
4.96766800
5.98755700
-5.98758600
-4.96763100
4.38676300
2.61610800
2.25439600
-0.00000100
-2.61611000
-4.38676200
-2.25439900
4.35945700
4.60766200
5.99781100
6.26737700
5.69757800
6.87606500
-6.26733200
-6.87612100
-5.69768100
-4.35939300
-5.99776300
-4.60763400

1.34335000
1.96967500
-0.68333000
-0.68334100
-2.13578300
0.04349900
0.04349600
-2.13578900
1.95213800
-1.85124400
3.04168600
2.88000400
-1.85124400
1.95213500
3.04168400
-2.52249000
-2.59840000
-2.46233300
0.95175900
0.33403700
-0.58605200
0.95178300
-0.58602600
0.33398900
-2.52241800
-2.46235400
-2.59846700

68

0.30131900
0.05713900
0.33769700
0.33768200
0.43906100
1.04426400
1.04419800
0.43915100
0.64236300
-0.39591700
0.21684100
-0.46029100
-0.39592600
0.64236700
0.21684100
1.27225700
-0.48552400
0.58666600
0.50112700
2.06648000
1.10590600
0.50106900
1.10574600
2.06644900
1.27236300
0.58680300
-0.48540700
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%chk=C:\Users\ASUS\Downloads\ref-coor\MB\H2-sin-opt-freq-vac.chk
# opt freq b3lyp/6-31g(d,p)

N

[N
b

H2-sin-opt-freq-vac

01
H 0.00000000 0.00000000 0.37139600
H 0.00000000 0.00000000  -0.37139600

2. %A T
%chk=C:\Users\ASUS\Downloads\ref-coor\MB\H2-sin-opt-sol.chk
# opt b3lyp/6-31g(d,p) scrf=(cpcm,solvent=water)

H2-sin-opt-sol

01
H 0.00000000 0.00000000 0.37139600

H 0.00000000 0.00000000  -0.37139600
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