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Design and fabrication of a simple prototype spectrometer

T137633

A%, QYA (BITY

RAH :

™M 3D

255} ... 12696628
mumy -

i m l) Q t.-lcl
il 137633 ;

S dnu gl .] 3 1.0, 2558

s 2 } 4 s a a b4 °
s lasunuaiiuayuadde amidunela Jszailanlszana 2557

AN INGMaNS

aomumalulagnszaeumaidnamnisaan szl



4 4 a g 1 1
¥olnsems (Mu11ne) mseenuuw/adsdunuuiasesmilnInslmesod1edi
T a A ) & a o A ¥ =
unaesy NuISouazauuondaginsaiviefiodsynoumsiSeumsaou
a 9 a 4
JuseldauzIngnans
Ysgdthutlssna 2557 SwauluinldSumseniuayu 280,000 wm

g \ LY
FLYLINNINGIANY 19 Awa 19a1an 2556 3\3 30 AUYIEU 2557

] k4
Fo-ann v Insan1s as.oigydl ety _
a a a o @ =) Yy ¥
MUY (AN AUSINGIATNT ﬁﬂ'I‘U‘NmﬂIuIﬁEJW'iz%'E"JiJLﬂﬂ'IL‘i]'lﬂﬂl

NUI581ANTLU
W
UNAALID

o/ o

ao y [~ @ 4 a ¢ 1 o .
Ul umsesnuuunazimunasesaln Insiwesedrsdre dusuii 1l 16l un1sSou

a a e Ao 's 9o a d = Slsll
ﬂ'liﬂ'ﬂu')‘lﬂﬂa‘ﬂ@lﬂ'ﬁLﬂil'JLﬂ'ile‘H LLﬁ$ﬁ1N1§ﬂ61°lfﬂUQTH'JLﬂi']%‘HV]'NLﬂ?Julﬂﬂ'JU mu‘ﬂizﬂa‘umm

[

.1'{ = 1 A 1 Py & g 4 ) 9 A T o a
39491 2 97U fig dIuNnHWueIsAILIT “If\‘i‘l]ﬁ%ﬂ’t’)‘]Jﬂ’JEJ (1)vinaLDadn Lﬂmmmmmﬂum

@ TlasneuInsamed Wudauilssinana uag G) I TdnsuGmasy duausuuas uazdui
' P Y {
geatludinwensdias AeTilsunsudsussyeglululnsnouTnsames lumsadivases Iihild

@ 1 [ [ 1 v Y < 1
Jaganiuuas szerdendnnis lunsulasminauadnd il ungandunssmungveq

el

P-4 9 LA a d' A A 9} 43 0 [ a as ada
S EJp] llﬂ‘VIﬂﬁi’)ﬂﬂﬁ%ﬁ‘ﬂ‘ﬁﬂ']‘w"Ui’)\'ilﬂi'ﬂ\iilﬂﬂﬁ'i'l\?"llu Tﬂ&l‘ﬂ']ﬂ'liﬂi'lﬁ]'lﬂwﬁﬂﬂm"ﬂﬂilﬂ‘ﬂlﬂﬂﬂ'lﬂ

=

ana ann 1 ann 1 o a [y a a .w o, ’o’
Ugnseunil 3 Ugasen laun U§asersennensavea Invieadn nunsegsn (Aindastasidink)

any

aaa ' J @ a d a
UgnTnsendeees Isluun 558y du'leeenveundn (n (ndasusidua) uazdfisen

a o ot

t a 9 = J
58ﬂ?1§IWLLﬂﬁLGHUNqﬂIﬂ§WQ tageniuoa (1ﬁwﬁ¢l.ﬂm"l’l’dl‘ﬂﬂ?) WanN1Tnagou wu N

4 %’; aan [~ 2
nasg i lRnnieaul§izedinnuiluduassitun ® > 0.99) uazioiSuieuanu s
a LS a Il 4 4 aa a =) 4 aan {
Tumsasnzinunalinnzni 1 WeldinsewdAdda anlaIns I Talines Tagld§asend
=3 @ dy a 9 Y3 't A a v ] ] A o é’ dyd
naceuReiull wai lduaasldiuinnsoumaln Instimessgrsdrwiiaunaiuiitianu 1 lums

a ¢ a ) ° 1 A A aa A a -4
AUATITN (W%']ﬁu']%']ﬂﬂ'ﬂi]“]fuellﬂﬁﬂ'ﬂﬂﬂ']ﬁ5i']u) ATNNUVDIUATBIYI-IHLUD ﬁ!ﬂﬂiﬂiiﬂiﬁum@i

]
v
~ [

9 J 3’_, < v 91 ﬁ' a ¢ 1 1 =1 o 9 . A
NSHDNUDYUINIUU %QE]'lﬂﬂﬁ'l’Jllﬂ'N Lﬂ56\1ﬂ£ﬂﬂiﬂ‘iﬂ~lm'€]§ﬂﬂ1\1\ﬂﬂu mu15ﬂu1'lﬂ°lwﬂuwumim

o aa a =Y Jd o o = & av a1 1Y
g mia audn Ins I ladiwes dmfuaumsGoumsaou saudsluaudsed ludeensanula

=s o Y]
Tumswasizvinninla

o0 a d r Sty 4
mdng : milnInsliwesedisdy, ueadammanes



Research Title: Design and fabrication of a simple prototype stectrometer

Grant: Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang
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Researcher: Dr.Nathawut Choengchan

Faculty: Science Department: Chemisrtry

ABSTRACT

A simple spectrometer was designed and developed for teaching in analytical laboratory class as
well as analytical chemistry research. The device was comprised of two main components. The first
components were hardware which consisted of (1) LED bulbs as light source, (2) Micro-controller as
processer unit and (3) Phototransistor as light detector. The second component was software loaded onto
microcontroller. The output voltage was converted to absorbance unit by the developed software
according to the Beer’s law. Performance of the device was studied by detection of colored products
from three chemical reactions include (1) phosphotungstic acid and uric acid reaction (blue colored
product), (2) o-phenanthroline and ferrous reaction (red colored product) and (3) potassiumdichromate
and ethanol reaction (green colored product). The results showed the excellent linearity (R2 >0.99). The
sensitivity was compared with the results obtained by UV-Visible Spectrophotometer by using the same
reactions. They indicated that sensitivity (slope of calibration curves) of the simple spectrometer was
slightly lower than UV-Visible Spectrophotometer. Hence, the simple spectrometer can be exploited for

teaching in analytical laboratory class and analytical chemistry research.

Keywords : Simple spectrometer, LED detector
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3.1 manfivazginsel
=
3.1.1 nuall

1. N9 ﬂfﬁﬂ (Uric acid) - Sigma, USA
2. nyaned INNIaAn (Phosphotungstic acid) - Lobachemic, India
3. JRouaiveme (Sodium carbonate)-Quality Reagent Chemical Product,
Malaysia
4. wou TuilouoTadaile (Ammonium ferrous sulfate) - Sigma, USA
5. 90 InWiun Insau (Orthophenanthroline monohydrate) - Sigma, USA
6. TiReuanTa (Sodium citrate) —Rankem, India
7. laasenlgartiulelasnaelse (Hydroxylamine hydrochloride) — Carlo Erba,
Italy
8. 1M Uda (Ethanol) — Merck, Germany
S Tnuneliaolia Tas i (Potassium dichromate) - Carlo Erba, Ttaly
10.n5A%aW5 N (Sulfuric acid)- Thor‘na;e Baker, India

g
11.11n8u1577910 loosu (Deionized-distill water)

o A )
3.1.2 gUnsaiiazinsp9nsI9in

1. VIS NIAT

= 4
2. linines
3. itla
4. VinpANYA
5. WIRNITUNET
6. 130970 pH- Metrohm® 827 pH Lab Meter, USA

7. W309EIET - Vortex Genie 2, USA

A

8. in30agi-TmiaatnIns I Tnilnes- Jasco V630, USA
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9. luTnsnenInsamed
10.109R110aDA High Power LEDs
11.u#1 PCB

12. Photo transistor

13.99 LCD

14.4UAAES Li-ion
15.83ad3junn

16. /@ UN 1Y

17.¥%dsy USB

18. PIN 19159, Y790

19. Transistor BC337
20.e10 19 wiou PIN
2LRIVRIA + Hondadile
22 UWUATA

23 Wufainns

24 Multi meter

25.Power supply

3.2 ﬂ]i!ﬂ%ﬂutﬂiﬁ&tﬁﬁl

vo Y] =y I's =
3.2.1 MIwisenmsazaensuMs ARl IIansagin
1. A19ASAENINTTINNTAYIN 100 NaAnNTUABIATAAS ‘
a [ 9 %’ a = I'4
AzawNIAYSN 0.1000 N3N Aeti1senn leasu wn TeRen leason leaniu
4 a an Y as I~ A ans
Wudu 1.0 Tuand Y511a5 3.00 adaas uda1dilsaen lessudsuiSunasislu 100.00 Haaans
2. MsazmeesgIunsaed Inisedn
@ a Y] g ) [~
azanensanaa TNWa@n 4.000 n§u A1e1i1ls1e9n loeeu uazdSutSuiasdly
10.00 Hanaas
. a s Y 9 9 Y
3. sazaeasg U ls@eunsusuanududuioeas 2 Tagmiin
o I's @ 9 %’ Y] =Y
azane TwReua1susiua 2.0000 N5y dre1i11ls1#91n leseu uazisuiSuins

[~ a aa
14 10.00 Yarans
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3.2.2 mawsevmazaedwmumsin el nauman
1. Msasmenasuman a0 anududu 100 fadnfudedag
avanouenTudflouedadamln 00702 n¥u daevhlsreeinlessy 5.0
fadans Wunsadail 3ndudu o.10 Taddes udrldhlsennleseutfutSuesdiu 100.00

a9ans

)

o
2. asazaneleasenlyarliulslasnas lsd anududu feeaz 10
4 o g
azag'leasonlaaiulelasnaslsa 10.0000 Sy d28111)517910 looou
a Aan ) =) 9 = a Yy 9 9 3y 1w
100.00 Yaddny uazdSumfierdismsazars Is@oudmsaduduiosas 25 au AWMU 4.5
o o/ = r'd .
3.2.3. MIwissumsazaedmsuns s eimlsunateniuea
1. E15ALA1ININTFIUENIUOA
WIENEITaTMeIAT INEMUBAR NN NTUTREaY 5, 10, 20, 30, 40 AT 50
Tag151105 Taethdaasazaeuiasgiemusannuinduiseas 99.9 11 1.25, 2.50, 5.00, 7.50,
oy aa -] L U so‘
10.00 4ag 12.50 Nadans aua1au uazdlsulSunasdretliisein leosu
4 v a a Y 9 1 a
2. @1FazaensaganIsn aNuEudy 1.5 Tuadoans
o v A A a aa P %’
Mlaasazargnsadaflsndudu Usunas s.20 Tadaas asludinmnesniii
simon loosu 91.80 Uaddas auasazalelidinu
3. msazang Twunadeu e Taswe aududy 0.03 Tuanedas
= -y g v A A 9/ 3 1
azane Twunadeonlalasia 0.8830 NSU drunsagai 5 ndudy 1.5Tuadno

aas 451195 100 Haaans

3.3 MIAHUNUIDY
3.3.1 MsoonuLusssanInsTmedediede

Tudauusn ldWansssdinnsefindfnudosiudinvemasaiuiauauns
wasaduuas Tnoidonldvasariiiauassiiavans 1Wuoada (Light emitting diode, LED) 7
asaldawasiunsBorthiy 1nolunasadertu wazidenldvasa I Idnsudaned
(Photo Transistor) (Hunasasuuas :ude Idmunaiuvesrosnasada1sdiesne (Sample cell
holder) Bevzdtegssnanasasuilauasinznasasuuas wienduil 1datre sunsudmiy
UszwanauazuaasnammIganiuuaslfiiluduavuuudiaoa muneviheeueadd ununw

o 1 A =~ ¢ ] A 9 .3 [~ ar a
werasmstaemulsznovveunsesailn Instimesedaiienizaseuy dudagli 3.1)
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Sample cell holder

Amplifier
Microcontroller

1 o ' A = 9 .
517 34 wrunmuerasnis sadmilsznevvesniesanln Insilmesegsdne

3.3.2 danlsgnevveunioaanln Insiimesedieitn
1. luInsaoulnsames (ET-EASY168 STAMP)

ET-EASY 168 STAMP ilunesalulnsaeu Insimefluaszga AVRS vutaiin
Taotivuinuesuesa 2 s, x 5. oz 15 lulasnouInsinesasega AVRS 185 ATmegal68 489
ATMEL 1ilu MCU 1sgsueia meludrveialasauietled USB Bridge voq FTDI o3 FT232R
e 1dAndedosnuueyniude RS232 funeufiunes pC Munieesa USB 18 Tavass

AUMNIAYeIUDIA ET-EASY168 STAMP

(1) 19 MCU as2f)a AVRS 11185 ATmegal 68 Y94 ATMEL Run A0 16.00 MHz

1.1 In2eA1ue1 Flash S msuidiou ldsunsy 16 KByte

1.2 1 SRAM 199 mau1a 1 KByte tiag EEPROM 193 mau1a 512 Byte

1.3 31 GPIO 19 s mau 22 dia
(2) IFaunuussau TWassvuia +5VDC wiou LED Power LAAIa0 U YBIMA9918
(3) 1174995 External Reset 1111 RC Reset ag Switch Reset Wiounwluuosa
(4) $97919971U9F LU Pin Header 3262114 2.54 mm Y119 28 Pin
(5) 1520 USB dmiuieusedemsfuneuiuaed PC iy USB Bridge Y04 FTDI 1u

suuvuveImsdeaiseynsu RS232 dmuldnuidesuas Download Code 1Y

McU luuesa
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31 3.2 nenednuaizveBsa ET-EASY 168 STAMP

2. HOBANUUALAIOADA (Light emitting diode, LED)
i 4
luaiitldvasanutiauaesianaos IMuoadAna 1 IUgIju High Power
LEDs - Multi-Color XLAMP MCE 80LM RGBW #ansanlasuasituag-iaiea- ity 1dnelu

a [ 9 ° P aw A’ o3 [ a ~
naeReINy Yoyadumnzuasguaninasa LED Algluaidteil Whisaisen 3.1 uazgili 3.3

M40 3.1 ﬁﬂgﬁﬁﬂﬂﬂ“ﬂﬂﬂ High Power LEDs - Multi-Color XLAMP MCE 80LM RGBW

UM AMANHUZYBIVARA
ANUAINVYDT RGB, Neutral White
ATSUANNATY 350 mA
UIIAUN AT R:2.1V,G:34V,B:32Vuag W:32V
vuavaoa IW LED 7.5 mm x 7 mm x 4.48 mm
Wanddesanemdndmsunsad R: 30.6 Im, G: 67.2 Im, B: 8.2 Im 1iag W: 80 Im
DATINAIU 95 W
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31 3.3 naeALOADA High Power LEDs - Multi-Color XLAMP MCE 80LM RGBW

3. T 1A T aADS (Photo transistor)
WMIdnsFmeesSlunsudanesnsmer I I8 laloau1 130 0lunees
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