Hands on Experiment :
Determining the
of a reaction with the use of

Arduino system




Setup for the Experiment

Zn(s) + CuSd4(aq" —_— =

Using Arduino system with temperature sensor to record the
temperature change during the reaction

temp (°C) Temp change of Zn(s) + CuSO,(aq)
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Equipment required for Experiment

Zinc powder Copper (I1) sulphate HARMEUL A=




Equipment required for Arduino system

R+ lale to Male
Waterproof DS18B i )

Temperature Sen
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Solderless breadboard (% £11£)
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http://www.sciencebuddies.org/science-fair-projects/how-to-use-a-breadboard.shtml
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Basic : Arduino UNO board

AL ELLELE
P ' » ¥

DIGITAL (PwM~) F &

9V Power

Power  Analog Input /Output



Operation of the Arduino system
1. Wiring of temperature sensor in Arduino system

H 4 ‘
EIGITAL (PWM~) F &

OG) NG,

= = ARDUINO

https://create.arduino.cc/projecthub/TheGadgetBoy/ds18b20-digital-temperature-sensor-and-arduino-9cc806
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Connect red jumper wire to 5V
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Connect black jumper wire to GND
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Connect Yellow jumper wire to 2
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Connect another end of red jumper wire
to breadboard +




Connect another end of black jumper wire
to breadboard -




Bend the 4.7k ohm resistor to “C’” shape




Connect the bended resistor to

breadboard + and A12
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Connect red and black wire of temp
sensor to breadboard + and - respectivel




Connect yellow wire of temp sensor to
breadboard E12




Check all wires and resistor to see all are firmly
secured on Arduino and breadboard

‘

https://www.youtube.com/watch?v=p6AN6rPWzfl



Experimental Setup




Points to note

Avoid glass rod from contact Magnetic Stir bar should not to
with temp sensor contact with temp sensor



2. Copy the following into Arduino Libraries

‘ #HeEE - . FEET =25 FIEERR

- | . * Program Files (x86) » Arduino » libraries » v FEE libraries yel

o |

Program Files (x86)>Arduino>libraries

4 ,‘3 EHNEE
k. Google ERE®
h TEH
W =
o EEIEIUE

N Y

HEEE - MAZERE ~ HASS ~ = s EE R
4k BRHES =8
. Google ElE#RE | | DallasTemperature_Library
h TE | OneWire
W =F

PerfLogs
. Program Files
. Program Files (x86)
. searchplugins
. WCH.CN
Windows
. ERE
< AEER (D)
& CHEM-05 (1)
< public_pdp (\\10.15.95.198)
| < publicl (\10.15.95.198) (Z)

- = - e

™ #E T 2 EEE

I

s

<

-

= : EHES L

| Adafruit_CircuitPlayground 26/1/2017 9:20 TEEEE R R
| Adafruit_GFX 15/3/2017 10:55 BEERK
| Adafruit_S5SD1306-master 9/2/2017 17:01 BEERKE
| Adafruit_TFTLCD 9/3/2017 12:33 BEERE
| Adafruit-GFX-Library-master 22/2/2017 1017 BEERE
| Arduino-Temperature-Control-Library-.. 9/2/2017 9.05 TEEERRK
| Bridge 26/1/2017 9:20 BEEHK
| Controllers 9/3/2017 16:29 REERE
| . DallasTemperature_Library 20/2/2017 10:27 [i==3=eb
| dallas-temperature-control 3/3/2017 11:22 TEEERNE
| Esplora 26/1/2017 9:20 EEERE
| Ethernet 26/1/2017 9:20 TEEEE R R
| Firmata 26/1/2017 9:20 TREERHE
| GSM 26/1/2017 9:20 BEERE
| Keyboard 26/1/2017 9:20 TEEERE
| LCD5110_Graph_Library 20/2/2017 10:27 BEERK
| LiquidCrystal 3/3/2017 11.55 EEERE
| LiquidCrystal_12C 15/3/2017 10:17 BEERE
). Mouse 26/1/2017 9:20 BEERK
| OneWire 3/3/2017 11:21 REE R
| Robot_Control 26/1/2017 9:20 TREERHE
| Robot_Motor 26/1/2017 9:20 REERE
| RobotlRremote 26/1/2017 9:20 BEERK
b sD 26/1/2017 9:20 BEEHK
| Servo 26/1/2017 9:20 BEERK
| ShiftedLCD-master 3/3/2017 11:58 TEEEE R R
| SpacebrewYun 26/1/2017 9:20 TREERHE

B EER: 20/2/2017 10:27 - 3/3/2017 11:21



3. Upload Arduino code

temp | Arduino 1.8.1

File Edit Sketch Tools Help

#include <OneWire h=

#include <DallasTemperature h=

£ brduino@in BT BRI -V redEE
#define OWNE_WIRE_BUS 2

Waterproof DS18B20
Temperature Sensor

I SERE T R
Oneflire oneWire(OWNE_WIRE_BUS);
DallazTemperature sensors{doneWire);

vold setup{void) {
Serial hezin (96007 ;
Sevial println("Temperature Sensor");
1 aeEdb
sensors beging);
Seriel.println("CLEARDATA" };
Bevial.println("LABEL Time Temperature");

111

H

vold loop(void) {
Sexial print("DATA TIME,");

Open Arduino IDE software

/1 FREESHE EAORRE EARE TR A

zensors  requestTenperatures();

ff EniSiREES (R0 akEd
f SFOHERETHE EENEL -V redsE
Bervial.println{zensors .zetTenplByIndex{0));

Copy the code into Arduino IDE

Fidelay(1000);

Save the Arduino Sketch as “temp”



4. Checking the port of Arduino system

to record the temperature

temperature | Arduino 1.8. [ & temperature | Ardu
: i

File Edit Sketch [Tools] Help File Edit Sketch Tools|Help e
Auto Format Auto Format
Archive Sketch Archive Sketch
Fix Encoding 8t Reload Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L Serial Plotter Ctrl+Shift+L

==

Ctrl+T

temperature temperature

#include «Oneflire.h
#include <DallasTew

#include <OneWire.h
#include <DallasTen

A drduino@r i BT
#define ONE_WIRE_E!

J4 drduinoBfi B T 2
#iefine ONE_WIREE WIiFi101 Firmware Updater

WiFil01 Firmware Updater

ArduBlock ArduBlock

/i SERTEF BRI
Onefire onelire(OME

[ ERTE R

DollasTempesature Board: "Arduino/Genuino Uno" v : ?;’:;’;:;e::r::gﬁ Toard Ardoino/Genmne oo - |
Port Serial ports Port Serial ports
void setup(void) | Get Board Info COM1 void setupivoid) Get Board Info COM1
Sexial bezin(5600 = Serial. begin(96 i i
Sexial.println('Te  Programmer: "AVRISP mkiI" i’ Seriolprintln(fla  Programmer: "AVRISP mkil" SaMyAnduing Genuinoing)
A AR Burn Bootloader 11 iheib Burn Bootloader

sensars_begin);
Sexial printIn("CLEARDATA" );
Sexial. println("LABEL Time Temperature");

=sensors . bezinll;
Seriol. println( "CLEARDATA" );
Serial println{"LABEL Time Temperature");

! !

wvold loop{woid) {

Sexial.print("DATA,TINE,"); void loop(void) {

Serial print{"DATA TIME.");

H EFREEREE LRI A RS T R R

senzors. requesiTenperatures( );

[ ERER T L EIPR R BB E T TR A

senzsors requestTenperatures();

A RSB (MERT) AEENL -

{ SEINRERHE LR0EL Vit E /I SR ERS (WREC) AEEE

[ SSINERET LBIEL-ViedtE e

Board Info A u

BN: &yrduino/Cenuine Uno
VID: 2403
PID: 0043
SW: B553130343135191D151




5. Uploading of code into Arduino Board

temperature | Arduino 1.8.

File Edit Sketch Tools Help
° N] d

temperature

| #include <Onelire hs
#include <DallasTemperature h=

A Arduino@ BV 2ERN -ViredEE
#define ONE_WIRE_BUS 2

M GERZREED
Onetire oneWire(ONE_WIRE_EUS;
DallasTemperature senzsors(donelire);

void setupivoid) |
Bexial begin9a00);
Sevial_printlnd"Tenperature Sensor”);
I imkadb
=zenzors . heging );
Sexial_println{"CLEARIATA");
Sexial println{"LABEL ,Tine,Temperature");

m

woid loop{woid)
Sexial.print{"DaTA TIME," );

{ BRI A R T TR R A

=zenzors . requestlenperaturesd );

A BEREES (B T
A 2SR EE0EL Vit E -

wina Una

M| #include <DallasTemperatuxe hs=

File Edit Sketch Tools Help

temperature

#include =Onefire h=

A brduino@u B 2SI -V el B
#define ONE_WIRE_BUS 2

1 SRR TR
Onelire oneWire{OWE_WIRE_BITS);
DallasTemperature sensors(doneWire);

void setup{void) |
Serial begzin{98600);
Sextal_printlnf"Temperature Sensor");

H kb

senzors _heging);

Sexial println("CLEARDATA");

Serial println("LABEL Time Temperature");

111

wold loop{woid) {
Sexaal.print("DATA TIME,");

A ERFERE FRFR A RS TIR EiiA

zenzors  requestlemperatures] );

A ESIREEE (R MTEE
A SR ER0EL - Vit E



6.Checking the port of Arduino system to start

record the temperature data by PLX-DAQ

& temp | Arduino 181 =ETEXT)
File Edit Sketch m Help

Auto Format
Archive Sketch
Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M
Ctrl+Shift+L

Control

[~ Download Data
[~ Clear Stored Data
[~ uUserl

Po: | ” vl [ user2

Baud: | 900 ~| Reset Timer

Ctrl+T

temp

#include =Onefire h

#include =lallasTem
Serial Plotter

£ brduinog@hiy B2 - .
#dsFine ONE_WIRE_B} WIiFi101 Firmware Updater

1 EREAmesyy  ArduBlock Connect | Clear Columns

Orelfire onelire{ONE i . . 0

DallasTemperature = Beard ArdumD{G?numD Ur_m i I— Reset on _I _I _I
Port: "COM7 (Arduino/Genuino Uno)" Serial por‘ts Connect

void setup(void) { Get Board Info COML

| Controller Messages |
| PLX-DAQ Status |

Sexial begin({9600
Sexial.println("Te Programmer: "AVRISP mkII"

# Eh Burn Bootloader

v COM7 (Arduino/Genuino Uno)

:i‘::;;";ﬁll‘;(( ) ELEARDATA S 3
Sexial println{"LABEL Time Temperature” ); A B C
} Il Time Temperature
woid loop(void) | 2 9:11:51 24 .06
Sexial print("DATA TIME,"); 3 91 1 51 24[]3
I ERER AR BT R 4 9:11:51 24 06
sensors . requestTemperatures(); 5 91 1 51 24 [B
I ESREmS (B DEL 6 9:11:51 24 06
i T onts 24.00
8 9:11:52 24 06
Hdaley 1000 : 9 9:11:52 24 06
10 9:11:52 24 06
11 9:11:52 24 06
12 9:11:52 24 00
13 9:11:52 24 00
14 9:11:52 24 00
15 9:11:53 24 06
16 9:11:54 24 00
17 9:11:54 24 06



7.Data Collection by Excel plug-ins

A A B
1 Time  Temperature Temp (°C) Temp change of Zn(s) + CuSO,(aq)
2 EF 101143 2019 565
3 EF 101145 2019
4 F 101147 2019
5 EF 101148 2019 70,00 :
6 EF101150 2019 I
7 EF 101152 2019 60.00 3
8 EF101154 2019 Lo
9 EF101156 2019 50.00 ¥
100 B4 1001157 20.19 :0
(11 B4 1011159 20.19 40.00 *
12| B4 10:12:01 20.19 "*
13 B 10112:03 2019 30.00 b
14 EF 101205 2019 1
15 E&10:12:06 20.19 20.00
16 F41012:08 2019 :
i B 10:12:10 20.19 10.00 1
18 | £ 10:12:12 20.19 |
10 B 101213 2019 0.00 :
20 B 101215 20.19 0 100 200 300 400 500
21 EF 101217 2019 Time (sec)

22 B4 10012:19 20.19
23 kB 10012:21 20.19
24 B 10012:22 20.19
25| B 101224 2019 Total duration: 540 seconds 540 data




8.Data analysis by using Microsoft Excel

23

24

I E C D E
Aetual Time Time diff Duration (zec) Temp InitialT
10:11:43 0:00:00 0 2019 2019
10:11:45 0:00:02 2 2019 2019
10:11:47 0:00:04 4 2019 2019
10:11:48 0:00:05 5 2019 2019
10:11:50 0:00:07 7 2019 2019
10:11:52 0:00:09 9 2019 2019
10:11:54 0:00:11 1 2019 2019
10:11:56 0:00:13 13 2019 2019
10:11:57 0:00:14 14 2019 2019
10:11:59 0:00:16 16 2019 2019
10:12:01 0:00:18 18 2019 2019
10:12:03 0:00:20 20 2019 2019
10:12:05 0:00:22 22 2019 2019
10:12:06 0:00:23 23 2019 2019
10:12:08 0:00:25 25 2019 2019
10:12:10 0:00:27 27 2019 2019
10:12:12 0:00:29 29 2019 2019
10:12:13 0:00:30 30 2019 2019
10:12:15 0:00:32 32 2019 2019
10:12:47 0:00:34 34 2019 2019
10:12:19 0:00:36 36 2019 2019
10:12:21 0:00:38 38 2019 2019
10:12:22 0:00:39 39 2019 2019
10:12:24 0:00:41 H 2019 2019
10:12:26 0:00:43 43 2019 2019
10:12:28 0:00:45 45 2019 2019
10:12:29 0:00:46 46 2019 2019
10:12:31 0:00:48 48 2019 2019
10:12:33 0:00:50 50 2019 2019
10:12:35 0:00:52 52 2019 2019
10:12:37 0:00:54 54 2019 2019
10:12:38 0:00:55 55 2019 2019
10:12:40 0:00:57 57 2019 2019

DecreazeT

G H I ] K
Temp (C) Temp change of Zn(s) + CuSO,(aq)
80.00 T
70.00 P2
| v =-0.0469x + 77.171
I R* =0.9991
60.00
B4
[P
50.00 e
I AT=T,-T
40.00 Ile
i
30.00 4
+ T1
20.00 i
1
|
10.00 .
1
0.00 :
0 100 200 300 400 500
Time (sec)
Data Collection :
Metal : Zinc
Salution : Copper (ID sulphate
Time for adding zing: 173 Sec
Mazimum Temp
¥ = 00469 ¢ + 77171
T2 = 659,06
Initial Temp
Tl= 20.19

Temperature Data Collected by Arduine UNG

Date of Expt:
Sample Rate :

Eeaction Enthalpy

134202017
1 second

Znis) + CuSCdag) = Zns04(ag) + Culs)

Calculations :

mass of solution (m) =
Sp Heat Cap of solution (c)=
Temp Diff (AT)

heat capacity of container (¢

Mumber of mole

zinc

Copper (11 sulphate
Limiting number of maole

] g
418 lrg'x?
48.87 °c
0 1!

0.0616 mal
0.0500 mel
0.0500 mel

M 4 » » [ Sample Data | Sample Data Analysis /Procedure ~Data Analysis ¥

KN



Scientific Inquiry opportunity

To investigate the enthalpy change of neutralization



