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Research Title : The Research for Developing the Modules on Biochemistry

Laboratory 1

Author : Assoc. Prof. Reudeewan Bunyarat
Field : Chemistry
Research Year : 20006

Abstract

The purpose of this research was to develop the modules on Biochernistry laboratory
[ which were designed to improve students’ scientific skills and to enhance students’ opportunitics
in utilizing the scientific equipments. Through this process, six modules were constructed.
The contents of all modules corresponded to Pibulsongkram Rajabhat University curricutum 2007
cover Biochemistry Laboratory L

Population in this study were 38 University undergraduates. This study was separated
into three parts, firstly participants’ attitude, secondly, participants’” achievements and finally,
the efficiency of the modules. The tools were modules, attitude questionnaire and pre — test and
post — test. SPSS for Window was used to analyze the data.

The findings showed that participants had positive attitude towards all modules.
Logical thinking was acheived through the process of module interaction. All modules
helped create students ability to utilize the installed scientific equipment. Participants gained
more knowledge from studying all modules at the level of 0.05 statistically significant.
The efficiency of all modules were in the criteria E,: E, = 75:75. This was accepted for
the error + 5 % where E, was the 75% average score from module study report E, was the

75 % average score from the post— test.
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saponification 4. esterification
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235 uay 250 MWaWU

= uy w b
wissaiminluanaun lntes



-85~

¥ ¥ ¥ k4
o

() virdy A vidu B iy ¢ v D

e

» ¥ Ed
ot

¥, 15U D 1Y C iy B dniu A

S

af ~

b4
a. ifuynyiaiimdn Tuanamiu
¥

g ldmnsovnimsintuana’ld

as

¥
C,H,,0, Toladlugnilnssadravasluturiail

0 0
I I
n. H,C - C - OC, H,, H,C ~€ - OC,H,,
0 i O
[ I
HC - C - OC,H,, HC - C - OC H,,
O IO
il il
H,C —C-OCH,, H,C-C - OC H,,
0 0
11 il
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76. DNA
¥ ¥
. 4o 1,2 uaz 3 gn ¥ %0 1 Uag 3 gn
(m) 4o 2 uaz 4 Qn 4 99 4 90

77. nstlesfu i lidon lnaaud e ufiszeafia DNA 7114 Tay
(M) B3 luarsazate acid ciric dextrose; ACD)
. fiu'B3luarsazats EDTA
a. tiv'13luenaueansand
3. Lﬁu"l"ﬂummzma sodium dodecyl sulfate; SDS)
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80. DNA anaznaulumsla
¥ ]
f. 1ndu Y. 150270 NaCl 199919

£y o 1
PNaLAND I 1. M5 AEANTADDU



- 80 -
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urasil (U)
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f). silver diamine hydroxide
4. diphenylamine
f. ammonium molybdate

4. acid citric dextrose
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(1) 86, nagsiwadesndls lua
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A P 9 @) pH qun 9
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AE®S —> /ESV—> E+P
. E+S —> ES = E~+P

¥
o =i

o ar g 4 o = ot g e as T
93. mtmmmu‘lmuwﬂﬁmﬂmsUuwmmmwuuuuaﬂumz@mﬂs
<4 i 9 & s
(n) Hlnssrdundwadafugumaa
. dmynilulessuvedlanzwiln
= ar o o
a- arsenawuse Taauanuie el 14
A, Whiashtianuieshdodjnsogs
o P o = o 1 Ana as e 9 : a s
04, mu"lclsugﬁmmawumﬂha'mwwmﬂumu"lcﬁumﬂgmmmsaawmmmgﬁﬂmum Ughsen

s sy :; L - d?
magatefvsayFoRaoing ldas lanad
HN-CO-NH,+H0 —*

fl. NIAYIN Y. CO,

A, NH, (@NH, + CO,



-0f -

Aada o 1 1 =4 oYY o =} qr : - 4;
95. it dunaotne lshilgAsonmaaaiuniveagissaiuiunAty
dl. =} - al
A, nlasudnszayanie
{ -1 ~ ] o
@) nlfoudFuermaunn hilddudunui
- o oo L
A, IswnNatNAIY
=4
3. URZAIUY
Y [ = e &o 3/
96. “lumi'mammaﬂgﬂmwmmu"lcnuwﬂmmm
&
Q ar '
n. nwhmin Tuegave ey luil
4. A muadSinudumasa i
= o P 1 = as o ]
A wilSumvessuaasanaasu lidlundeduale 1uienm
Fy o = aaa 3 = o) Pt a cg 1
mmmwuﬂQmwgmmﬂgnsﬂﬂwmw pazvRaaduBMAavE Y 1 nidonan

97 minnslsEndedimIganaunasiuna iEadegi 2 FEMuasAsIANUE ATUAY

Yplfnsel Ao
(n) Ay/ Ax Y. Ax/ Ay
a. Ay x Ax 1 Ay

A
A
0.6 1
0.4 4
0.2 4
X 0 ' T X - 0 v . . ——
- I 2 4 5y

W

1 = LY
i 2 aslszrimmsganauuaInung

n. mMsaadTunauils . mafiudTnauealnd uazng lag



-92 -

3 ) ] W
98, 9INEIT Y 19a1H dodanaaisats 1 manaslflumaznasa sINNIIVNMTNARBIUY

figa)szasAodials

Haoan

L . 1 2 3 4 5
215NN (cm)
asazatontlaiu 2% 50 3.0 2.0 15 1.2
asazae Tmdouromrtativdlos - - 2.0 3.0 35 38
Tmdouaas’lsd pH 6.8
u'lanitonts 10 1.0 10 | L0 1.0
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100. o E = enzyme | = inhibition Ua¥ S = substrate mﬁmimmumiﬁdﬁﬂnﬁwﬁ
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HA K, H + A
acid — proton conjugated base
or
salt
K, = dissociation constant UYINIA
(H] [A]
K, = —
[HA]
-log K, = Hog[H'] - log[A'} [HA]
pK, = pH - loglA)/ [HA] 1l -log K, = pK,, -log[H'] = pH
pH = pK, +log[A)/ [HA]...Henderson + Hasselbalch equation
H30 pH = pK, + log[sait}/ [acid]
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= ar 4 J < . -
Tunsdlvpaedinatided niAgew Ao NIAUBHAN (acetic acid; CH,COOH) uaznio

1 3 ] 14
&0 uOFIAN (acetate; CH,CO0) AfATeniRaiudiodn 0 vie OH ashlifudsad

OH H,0
CH,COOH CH,CO0
H

o 1 gt =4 ] [ P a o dg’ Voar
I 100 U NUU ﬂglﬂu'l']ﬂ:]']llﬁ']lniﬂaluﬂrﬁﬂ@ﬁ'luﬂ'ﬁlﬂa g pH 983 ﬂlﬂﬂ'ﬁ ﬂg‘llu'ﬂgﬂ‘ﬂ
= = s S4 ' ar 1 = Yo @ A =
YSinaves HA uaz A fnegluensazaeiy Femsezey ludand i indifody ueziilime

fomenoziuin H vio oH figniduidiu
o 1 o =4 o d
ﬂ?ﬂﬂ]Qﬂ'ﬁﬂ“—!3'@.1!11—!5’]15!?\533”]74“"‘@5

9aiSel 0,15 mol/ dm’ wedmatidives pH 4.9 fwau 100 em’

'
=1

v r
§ui 1 S namenudadussandaueFen uazaududuveansauadfn e pK,

UDINIAUDTAN = 4.76

2INTUNITVDI Henderson — Hasselbalch

pH = pKa + logfsalt]/ facid]
4.9 = 4.76 + log[salt)/ [acid]
log[salt}/ [acid] = 49-476 = 0.14
[salt]/ [acid] = 1.38 (antilog 493 0.14 = 1.38)
i@ [salt] + [acid] = 0.15 mol/ dm’
0.15 - [acid) = 1.38 x [acid]

[acid) = 0.063 mol/ dm’
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Ws1zReY [salt] = 0.15-0.063 = 0.087 mol/ dm’
0 ¥
viude TiedHsilsznoudan CH,COOH = 0.063 mol/ dm’
uny CH,COO = 0087 mol dm’  (8198gluzivounise
Tosi@ow w3o TnumaFuunduagaleiv)
o A = 3 a w o ° 9 st
SuR 2 Mawten 100 em’ Mvazawiedaaiivdes e ldnainis
9 Aaa g aoa a ! 4 o 3 .
n. WnsaueFAnriwfasoiueaieluden leason e (sodium hydroxide; NaOH)

v ldnasuednaniuauns
CH,COONa + HaOH - CH,COO - Na’

fias 0.15 mol/ dm’ 100 cm’
peifin s = 0.15 x 100 = 15 mmol
WMzRzsTy Tnsauesan. | mol/ dm’
11 15 cm’ = I x 15 mmol
Herufy 10 em’ 0.87 mol/ dm™ NaOH = 0.87 x 10
= 8.7 mmol NaOH

& o
Favzdldg razats 25 em’ Uszneuday

CH,CO0 = 8.7 mmol
CH,COOH - 15-8.7 = 6.3 mmol
@i 75 em® veldaisavare 100 cm’
Fafidnsadanves [CILCOOT: [CH,COOH] = 8.7 6.3 nidoily mmol
LT Az AT anYe - 100 em’
mmmmfu [CH,COO0]: [CH,COOH] = 8.7/ 100 : 6.3/ 100
= 0.087 : 0.063

wiaosly mol/ dm’
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o 1%asazaslydounoien LazniauedanuIHauiuANEATIdIUR

o o
A3

0.87 mol/dm' CH,COONa 10 cm’

1t

0.87x 10

8.7 mmol
NET ALY

0.63 mol/dm’ CH,COOH 10 cm’ = 0.63x 10 = 6.3 mmol

9 e : d Y P
ududuii 80 em’ nogldidideiRdnans

A, #1 CH,COONa 1 123 g azaotivdinasudaiy 0.63 mol/dm’ HCT 10 om'
wdlfuSines Ty 100 cm’ USHIRwes CH,COONa fummmniniinluanaves

CH,COONa = 82 uazimidesmaiiouedian 0.15 mol/ dm’ x 100 em’ = 15 mmol

marzaztiy dmiinues CH,COONa figodld = 15 mmol/ 1,000 x 82 g
= 123 ¢

dioi@u 0.63 mol/ dm’ HCI 10 om’

aeiiiie HOI = 0.63 mol/ dm' x 10 cm’
= 6.3 mmol

CH,CO0Na vzt HCL ldmuanms

CH,COONa + HCI —= (CH,CO0H + NaCl
15 mmol 6.3 mmol 6.3 mmol

£
&

W31ERLIY 9zivide CH,COONa = 15-6.3 - 87 mmol

9 nd.dyd =t o u’nls,f 1 P= w3 [y
AT H AN ORI U AN DS I UREINUYD N LUAZYD o
HHYING)
1. a1s9309a0y pH fiddsansesta pit 41114 pH mwdidesnsnisliy

¥ A
pH 18078 Hidud

U o '3 9 1 I A ]
2. fasazaivinesdsznouainuasouA LN DUDLUADDY
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a y ) [hug]
T ldgas [OH] = -
[inaaj
¥58  pOH = PK, + log[salt}/ [base]

dio'ld poH w1 pH an

pH + pOH = 14
. 4 o o d
mMsnaaesfi 1.1.1 auinvesnsafoziianlsninvives

Hann1s

* v
nsaun Wy nalelasnanin dioazawaglihneuandisenidiu B uaz I wua
Tuvazinsaoen Wy nsaneawaIn (phosphoric acid; H;PO,) szuandutiulosauuan uay

3 = ] Qs dy
losouayAmeosuiedIu Al

HPO, ~——» H +HPO, K, = 11x10°
HpPO," ———p H+ HPO, K, = 1.6x10"
Heo,® ——» H + PO, K, = 5x10"

1 -5 = ﬂi“ @ =
K, K, 402 K, & arduilszaninmsunnarvesnsadearoin

lda.J =i d. i 1 =Y
Tunsnaassfisz/Ssueunsalaounlai pH senatansalslasnasin uaznse

voavosn (Holin3Auea1d NaOH agly

=}

GARIGEY
1. HC! 1 mol/ dm’
2. NaOH 02  moldm’
3. H,PO, 0.2  mol/dm’

4. nizayda pH visewnsosia pi
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ol
Jpnaand

] o =) o T o” 3
L mslnmsa (dtrate) szniansalelasaaoindulmfen laasenlyd lavin 10 cm
asluvangUngao (flask) Ao @ 10 moldm' HCL asl 1 em” wilWidndu iwwmasauda
' d” o = 24 2 ¥ A ar o w A v
umsazawiuazuunszaia pH foud wieldiniosia pH udauiinar pH lamsa
b4 3
asagawiify 0.1 mol/dm' NaOH 1apn15i@s 0.1 mol/dm' NaOH nisax 1 130 0.5 cm
¥
ntlilad werldidhdunnndaneudam p duiing pH 1
Founsiluaasnisnlfouuas pH @013ua NaOH Midinas
2. Immnsasznnansadearel niviz@eiloasenlan 1d 0.2 moVdm' HPO, 10 em’
] ¥
atturagdnswiiazoraudaiavis p it Tnnsalaen1nidy 0.2 mol/ dm’ NaOH n53ay
4 ' a c:‘ v o 1 @ 1
1 em’ vndnlad waldidhdunnaseeuiamiar p Yunnd pi 1

Sounsmuansmanfoumlag pH AotiTina NaoH Fiduaal
= wa @ 2 Y oy )
AMINAasin 1.1.2 ﬂ]iﬂﬂﬁ@ﬂﬁuﬂﬂﬂl@Qﬂﬂ!ﬂﬂﬁﬂﬂ?]‘“%‘ﬂ‘u‘l}uﬂ1ﬁ q N

HANNS

a o ar o ¥y 1 a v
anugsolumndutididosvasmsazarsdviasianumuiuaia q Ay gau

HANFTINN

f=
a3Ltad

1. Na,HPO, (disodium hydrogen phosphate) 0.2 mol/ dm’

2. NaH,PO, (disodium dihydrogen phosphate) 0.2 mol/ dm’
o e
IENANB S

. Her NaHPO, 0.2 mol/dm’ 20 cm’ 1) NaH,PO, 0.2 mol/dm’ 20 em Tuwaaginiau
L] -5 a Aé <1 2 - - @ L] x:!l
wir A IdWemmlatiwiadgaiigveundenaznsa Ais HPOT/ H,PO, Tudasiaiud

w1 q fu wasanudududanaiiy 0.2 mol dm’
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o 3 w fa A g & L A guqw -
2 11 0.2 mol/ dm’ Womrativies HuudpItenIeuIna wio i lAasazawniaw
L‘ﬁuﬂu 0.1 mol/ dm3 uaz 0.05 mol/ dm3 muﬁwﬁu FIUIU 20 n:m3
=y ] ai o 1 a
3 wimumasanaaen 8 vasa lamsazawsamatiddeianududusnie q f

asalslasnansn uaz lndsyleasonled mulsinaluaii

ﬁﬁ@ﬂﬁ
da 1 2 3 4 5 6 7 8

JINAN
Womwmivimes

WA (mol/ dm’) 0o | 005 | 01 | 02 0o | 0054 01 | 02

153105 (em’) - 5 5 5 - 5 5 5
‘L{Wﬂé’u (cm3) 5 - - - 5 - - -
ol pH
HC! 0.2 mol/ dm’ (ch)

(Afaaz 0.5 cm’) 05 | 05 | 05| 05 - - - -
NaOH 0.2 mol/ dm’ (cms)

(A¥1az 0.5 om)) . - - - 05 | 05 y 05 | 05
i@ pH
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A =Y A = d
aoun 2 manaadnlnsalpdoumannnzv
AANIIN 2.1 MINADDI
Jagiszasn

wisvnd§uanenssy 2.1 udy dnfnmennse
o =) k4
L. malnasunisganduuduems 14
= Ay '3 Py
2. WmatinawnInsa IniBiansivlSunveess 14
g iddiamevveriuan/nlnsalml dumainvosmsiauasluginiusaudanii 1 lownn
. : < . 3 ot
(ultraviolet; 185 - 350 nm) uaﬂusmmmqﬁummﬂﬁ (visible light; 350 — 800 nm) ©13N
' y ¥ o a 3 3 .. = od
aanaunasidlugrendviisnimdaniuh 1§ elecronic. ransition flo aszquindnaseu
3 ]
Tuaramzity (ground state) alaewhagluaniuudi excited state)
1 -~ I=J d‘l A’I J g/ LI u:{ ' =}
asudariiavzganduiaaisniudi 9 I himiu asiudaenimsganauuds
d‘d d‘l. 1 o ‘sy = ' ot L = fd LI ar r o ‘:J'.
Fimuennaua 4 fudi o andnady tsasilatuindadaaiuaeiuly pia

Sumilnaduvesmsazatels Tiwadu (iboflavin) wie3aiiuil 2

07t
0.6}
osf (!
04t

013

absorbance

02t

0.1

0.0 A 4 o
200 3co 400 500

Alam)

Ut 1 malnasugandundsvesmsazatvls lumaiu
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o ] a a 4 4
nnnseziidinls lumaTugandunalusaudanst i Tomanianuenndu 260
o 3 gy A y 4 o o A
waz 370 nm wasuouuasiveuiuldiawady 450 am lAg AmEIRAURMIUUGANGY
] 3
werldgege Sond1 A, (maximum absorbtion) dlnaiuvesmsiitasyon A H el
o o ' a - - ael A <4 ﬂ a )
Shpumaraveadarasuan S siganan Bz tunila o wihaljmalavasaiu
o - ¥ b 4 w3 .;vlya ¥ o
§ouTuana s sanuiduduvssmniulumsazaty saauUavou Finldlsz lomilums
o o
Senzinanuuduvesms luasazae
ey =] o ! =) o =} b
MniAMIRANaIAIVIAS QﬂmwuﬂiﬂﬂimqﬁﬁNmamumaﬂmaqam@,ﬂﬂauuﬁﬂﬂ
¥ w A o a 1 Y r v
donnistaduvesdidnaseoulu lumnavesmsarsiaduiidnsus himileuiy uazan
ar & ' ] LY t oo 1 .
VgHARIBUAY (quantum theory) Hand1II1 WiaTUYBIAREBIANATEUTANANIE. (quantize)
tenlimsasmuusazaiied auiansgeniunawandaf dufe Janlnasumsganduums
uandsieen U npus sz dnvzvessimazanie venvnlassademaniives luanaud)
@ & & A 1 W 4 £ VY o el as
Hasui q Feiinadnauamsgandunasvesmsuaasiiulaomsnfanunlasesmlnniy
o [V Y ot et ‘s Y =
AIFAANALLTY ALA HA1IZIIARDUNUATDIY 7 fiiwa lavnsedeanes IATIa  WNaRiv0s
Tunnavesashganduasld wu pH Fiavesi iz LaEAIIAIS 09 2vpa Tuanavialng)
- o 3 ] ) 1o & T e i L]
Faudou Wy nIATINABN (ucleic acid) Beiarmaunsalumagandunasldhimmuilosy

Tugdaieg moder wazlugiiaailend (aucleotide) Barss iudu

o o d c:i = L
ﬂ'ﬂilﬁﬂl‘l’\lu‘ﬁﬂl?N‘IJ‘%N1il!llﬁ'»‘l‘nﬁ'1iﬂﬂﬂﬁﬂﬂ‘ﬂﬂ'J'I‘JJL‘UN‘U‘H“UENtT"Iiﬁ%ﬂ'IH

i e . t & A e wea
fiod e uensaf (monochromatic light) HIuAIATM BBl Ashilauid lumsganduuas
» 1
oy wedaMvBwAIzgRmsiuganan waztladeuudaduiinanesnin finavinlduas
a o~ 9 ¥ & = = el Y & o 2 [} o o
Frimmonunasazauiisrudadinfeoas Uhinuuasiignaanduld Feialddun ueuweiuuud
: . AT e b
(A: absorbance; optical density; O.D.) azAuag Ui Iwanavesmsganduiasiiil lumsazaoiu

o o =
!,mmzaflu"lﬂmuﬂ;]mmmus —uauisa (Beer — Lambert’s law)

A = log lo/ | = -log 1/ 1o = kel

6o To Loy 1 AL LU YD AN D ULAS MAHU AT RZAVANE 1A

k

I

r H 1) . . . £§
mmﬁwqmi@,ﬂﬂﬁuuﬂa Y501 extinction coefficient %3

e T a e é ﬂ'- L] 4 é
UAURWIT T IUAITHUL 9 memwﬁuﬂua 9
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¥ 3
C = AN YUUBDINITRS DY
1 = L‘ﬂuﬂ’J’lllU']’]‘Uﬂx!'i%ﬂtﬂ'lﬁﬁuﬁdﬁi'luﬁ'ﬁﬁxﬁ’ltl“ﬁ%%%ﬂﬂ"]ﬂﬁ
-
AANAUL

s o 1% 4 ' 4 o v

a1 k ssmuaidu E.. fie ifludinsganaunaivesaisasieninnuiiuinees

- Jd A 3
mi@ﬂﬂauumﬂu 1 wlesirua (Asqanauuad 1 g Tugisagany 100 em) HAZAWIN
VosEE AR 1 em WieoAMUARIUAT molar extinction coefficient; Epe #19 filu1
mi@,ﬂﬂﬁ'uuﬁwaamsagimU‘ﬁﬁﬂ’nuﬁ’fm’l'ummmiﬂﬂﬂﬁuuﬁaL"flu i mol/dm’ HASATIINET
Y9ATLBENNAUAINWNITY 1 em

a & o o (] 1
miﬂﬂnﬁmmwmmimmﬂaanmlﬂmﬂmwumzmmu (% transmittance)
% transmittance = I/lox 100

¥ - P o 1 o 9 3 A
mmsgﬂnauuﬁmazxﬂmwumummumaamia:mm::mmmm"lﬂ Taulaasod
1= o A T ]

anlnTns T Tnfiwo? (spectrophotometer) Favzuonmimsganivuaaiiu log scale 521113 0- O

1 ¢ ' . ar = o .
nazuenf e T uALAIHIUATY linear scale 910 0 - 100 % TouwalUfiondailuains

-~ a/ Y Y 9 Y o = o

AANAULLETY w1z evualsri Tasasatuanudnduvedens tagannso lenguouios — uauin

sunamanududuvesmsazawld
m3samamudiduvesmsazmanmsTamnsganamie

I. ﬁmammnfh extinction coefficient ﬁ%ﬁ)fh k

o = 4 & A : & &
NNAHYDUVIYT —LLﬂiJL‘}_I{G] 5%5’]1’1511]?11 k ‘Uﬂﬂﬁ'l‘iﬁ‘l«lx‘lﬂﬂfﬂllﬂﬂﬂﬁuﬂud O

o - [ & o el 4 o= o
foomdun A uasniua A yosmsvulugsazagnIana nueINfUAeINY 9

anmsodnnunudduvesrganauuaslumsazaw 18 dviedi
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o o —a . . . - -
ﬂT.IElEI'N Tﬂmu"lcﬂu NADH 1J71 molar extinction coefficient; E&:: = 6.22x 10 (mol/ dm)'cm]

¢:' 4 o 4 9/ al ] o

7 340 nm Herhsazalsves NADH Adeamswinnududu udam A Ja'ld =

¥ - '
020 sasruamanudutuyes NADH Tumsazamivinduiila

nnngueadies —uawiisa A = kel

0.20 ‘
C - . moldm
6.22 x 10°
0.20x%x 10°
T 520 x10° N
= 32 mol
1

E
mszasiy anududures NADH lumisazaiv = 32 Mmol

Tumm k nlglunssmnanududusemnsgeniuuglumsazaie wdos
a ¥/ ] a’ ] o 9 A'i et s Q o~ 9 ] g .:y
$1 1o imasai A veamsazaw sededldarmenndudeduduissy ilud k Wl
1 3 . ] 3 l
mawa k sxalowldifienruenadunlaon wonninil anziu 9 vosmsganiuua
[ ¥
lymsazawesdosndorasud I umsfnommn k veemsiudae Sazlidmmdudy

o Y
ngNAD e

o 3/
2. MUIUINMAUNINTFIU (standard curve)

d v ' =y o 1oy Y A ' o
Tuinanss fnaansonnaznian k vesmisidoamsdahild wiehicwmsaiie:

o o A = & A o dgqao ] ¥ oo Y Y
samsaminsaandunasiiauenaiy razanz@nfui idwoun k18 fennlidsass

¥ 1

Ganasg Tasmsihasayawvesnniiinmdudua 4 funiasimganduud
= @ o o o A Y LY [, o a '
azSouns wiaaendiusssnaeainsganausaeiuarmdudy s ldiduasditonn
v g u o ' C!y{-l 13 3 ) = a1
Ganasgy deddudniidunsadadunasyweamsazaislsTumadu laonmsian

M3gANALLAST 450 nm wesmsazaena g1 M
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0.8
g 0.6 .«
[3 .
pA ! .
5 04} v
g -
£ ) -
o 0.2 e
s -
£ S
ol b

0 0.1 02 03 04 05 06

micromol riboflavin per tubg

st 2 idummsgiuvosmsazatels lumlady

{ & ar o [l 1 ~ ar
sé’fummgmﬁ"lﬁﬂzuanmmﬁuwuﬁsw’mmmig}ﬂﬂﬁuumw 450 nm 1
9 s =Y .:51 3 o P 2 4:; r z_:l = or
Asutueels Tumaduluaisazary Fadus11aa 105 RANAULEINTINAAUIALINUYDY
=y o ] = [} ]
U5 JumaSuludisazaioaio61s 1o unknown AazaiNIzEUAIA TN 1A lnoaTaain

hnmsgiiadsiy
3 ar v ¥
m@ﬂ3553331uﬂ15ﬁﬁ13!ﬁu3~nﬂ5§1u

b @ ' p=) =) & o 1 Yl
L vxdpsliumimaganduas win A veamsdy q foglumsazawliin - o
A Qoo - ooy 1 & o g o 1 e A o )
dolinmsaanaunasi ial¥dummnnemegandundsvesasiidoimsiavniu Fuwevild
gt = 1 z d‘ = =5 =
Tanvzdeaiivasanisazmoal (lank) noasei ldmaiinvesanTnsalnt lumsvilTuoes
Tumasamsazarnlawededldammnviamioufumasaiiozims Tasdmeganiunas sriiu
MshdDINIs IARUI0 1AL
2. anudutuvesdsazatoninsg i idezdeseglugrsidulfan lasas s
2 / 9/ 9/ & 1 @ a o 1 Y Y ow v
maganaunay Tavezdesldniilidunss FauaaainuduiuissHINANUULTUIU
A A oo By Yy Ao o a |
msgandunaaiiu ldamngueadiod - uandia dwnududuvssmsiialdiguivid
@ W o ] ' I w1 < 1
amudaiuisgnenududuse Widhul fanTasessdumimsganiuas dude Tudul)
a o - o Ay g o & ¢ 0. q ¥ o : )
awngueaded - uaudiia aswinldsTAudnies Mrlinsdnoamnnuauyuresasn

mmaganauuealigndesmuainiluis
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@ o o = oo ad
anudniug A = kel lunguoaded - veudifa MHnsndommydny
° a0 o s
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A 1 o ng 1
2. misganaunaIvodazeynniudasy luduuAfy
1 ¥
1 msazaefivasaiiuio@eady (homogenous) aanailsunng
P [} ¥ = ' W o @ Y o = PR 4
nsnaansi liduldaudeauyfediwdais Mlamamsdivuyuannnguesios -
¥
pamiia aail
& = = o ad
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oY Y £ e 4 Wy ‘A s i P -ﬁ IS
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of é d‘ — or 1] L]
Fuanusuduunsans FuilunannansnldounaausessTurdYeIns ATe0NYY 1A
25 = a - 1 @ 3 d‘ 95 gt e'a .5’
Wa HazinAouIrieezuand? lumTazmein 1l HAIZUANANIBYAUTBATBIVNTUIWLY
=4 s o ' & w ' a
ipznsganiuaayealonou Gon) fuandioenuifionuand99nlana a8 liumnduily
N‘l q’] > ot n’: 9t oh o F oo = 9 3
opou Hudy fuly nslidngueatio? weudsa Sawasdemamonlasmsasaniminasgm
sehanmmsgandunaeiunIduduve s lugasimsgandunasvesmsiiu lyamngyes
“ g - sy ¥ y | d v < v =
diod - namiida nawii g iuduas wiveadedu ndnaspuimaninlnfisuma

9

9 = = @ o 1 9 94 94 P A o
Wuduvesasazawatiameaiui innunuauduldde madivaiuusnngueanss -
acd o ¥ v iy v o 5 y < . L & 53
poudifn Annududugsiiowdlyidwumduns WIfau (positive deviation) n3nldag

¥ r
(negative ~ deviation) Juegiusiiavsams wanvinuradanaauds dsersiimadeuny
=4 = od 3 9 a g s A at Py 2 1§ 1a o
wnnguaatios —tauiiiala a9l menaaunaiull @o lulydwauense
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a'l =) (¥ 24 =
mmaged 211 meAnmahniumigendumevesnsazmalushilueaug

(bromophenol blue)

Hann1g

Tnﬂuﬂuaaug ummmmmmﬂﬂauuﬁﬂumaﬂauimﬂd 340 - 620 nm Tﬂsﬂvnm
sgeRALLTiaTweARuE 19 vt cuwwm'm'lﬂmnmsmmﬂﬂmmmmiu Nt

Fanuaduni 9 ammamawmmaumdmnuJaUu”hJ mmsﬂﬂﬂauumﬂuaamﬁmﬂanu“lﬂ
=i
(s W13 kN

| ersnzandmsatilos 0.4 mol dm® pH 24 Lar 52 sl pH 24 wionlauld
¥ '
AIATATN (citric acid) 1.89 g 1Az IMACNFMIA (sodium citrate) 029 g HUTNEUIUATY 100 cm
nsdl pH 5.2 wiouTaoldniedain 038 ¢ Tidoudingg 0.94 g HIAINAUIUATY 50 cm’
o

2. TusTudueaug 1.5 mmol/ dm’ JueRanoanesad 95 wlodidud

= Cd & o a
3 RaLeanaanad 95 wWoikua
==
g g

el 1 = at L4 L
| uumaeanannan 4 vaea ldmsazmedmaativines Tusludueaug uas

a ¢ a
m‘wauaamaaammﬂammiumsw

xagaf
o 1 2 3 4
= 3
A1FNAH cm
Agazarsdmsatwmas 0.1 mol/dm’ pH 2.4 5.2 2.4 5.2
1Y 9.0 9.0 9.0 9.0
TusTudlueauy 1.5 mmol/ dm’ 0.2 0.2
o o o o i
whaoanagaa 95 sloTua 0.8 0.8 0.8 0.8
A |
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2. hlSamnmsganduuaafinaiueniniu 340, 360, 400, 420, 440, 460, 480, 500,
] 3 ]
520,540, 560, 580, 600, 620 nm Tawldasazawilamaeni 3 Rayarud salamimaganauLiag
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Hann1s
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= o 4 @ w !
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a19NH

= a o 3
1. @sazategmintvivies 0.1 mol/dm™ pH 24
=4 3 < < o o o
2, TusTuMuoaug 1.5 mmol/ dm’ luefiauoanaand 95 wWaswua
= 4 L= <
3. teNaweanadoa 95 1Wesiwua

4. %15QLAWAT0ON

=y
Iinaasd

) 1 ~ a o =
1. wisuvasanaand 11 8 waee ldasaratwdmsatihived Tusluilueag

= 4 @ v a
LNaUDRNDINn Nﬂ3313ﬂ$ﬂ10ﬂ3@UNﬂ1Nﬂiﬂ1m1uﬂ1?N

=n-

waan

A a 3
F1INAY (cm)

savarwsmamiines 01 mol/dm’ pH 2.4 [ 90| 90 | 90 | 90 | 90190 | 9.0 90
asayaiuas§Iu Tus lurueoug

X 01 102]03]04!05]|06
1.5 mmol/ dm’

Wwiaueansaoa 95 1eodiFud 09 |og | 070605 04 1

A1TALANAI0EI 1

A

430 J

o 5 1
2. penasazaelundaznaealiidifu dieingungiivies 5 wii
3. Sadinsganaundivedudazraoafl 430 na lavldmsazaronldr vie blank
] E
(maeah 7) dageagud
o 1 1 = :i o 9 8 =4
4 Aounsminasy s tamsganduasi 430 nm fummduduveslus hiftueaug
9 - c%: Y g o @ e 7 o
Taoldmmagandunaaiiuuauds arudududuinuuou Adngigddlasoddnnam
¥ 9 ! 1 ' =t
arududunamsazate lus Tuflusavgrasadie 4 Minamsanewdounsv)
5. hmnsaenduugeimsazawieiimnifivumanududuvedlusilueaugon
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TunnHananssy

wnideudusogrumii ivives gazanlninsalnifumsdnszy

=X c; )
YUNNHanaHUN 1 NINIIN 1.1

ms1eufiamamsnanoan 1LL1 @e 1) mslnumiasznnansalalasnasinny

d
Twaeulaasanlaua
NaOH 0.1 mol/ dm' (cm’) 0 ! 2 3 4 5 6 7 8
pH
NaOH 0.1 mol/dm’ (em’) | 85 | 90 | 95 @ 10 i1 12 13 14 15
pH

mWJm's”l‘nm':mzﬂ'.haﬂm"laimﬂﬁ@?ﬂﬁuicmﬁﬂu"lamanllcﬁﬁ

pH

NaOH (cm")
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Ms19Tufinnanmanaaeed 1L.1.1 (9o 2) MmIlnmaaszunenianeareiniy

Tudanlonsonlaa
NaOH 0.2 mol/dm’ (ecm) | 0 201314 s |6 7181910
pH
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pH
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A15NAH (cm) ‘
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Homatdied %
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{3 HCI 0.2 mol/ dm’ (cml):

19 pH

0.5

1.0

1.5

20

25

A1 HaOH 0.2 mol/ dm’ (cmB):
9 pH

0.5

1.0
1.5
2.0

25
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9zdpaNeEy NH,Cl iniy
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4. a0l mapadsdnpusitandiaiuvesns it 1dninms Tnmsaszning HCL fu NaOH
UazIEndng HPO, /1 NaOH
s pnns i gviuazansasnaum pKa ¥9InIe HPo, 1det1als
¥ 1 YV o g 1 p
6. 1limanaiunglammaeduduvo aivinteiialnasomanlany pi vosmsazaw
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1. S manliinmues NaCH0, iomaufy HCHO, 1 mol lumsmiuumisazn

fWwes 1 dm’ pH 5.15
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AHENINAY
340 | 360 | 380 | 400 | 420 | 440 | 460 | 480 | 500'| 520 | 540 | 560 | 580 | 600 | 620
(nm)
A Haon |
A ¥noRa 2

@ o d T 1 = 4
NTIAHAANMUFNAUTIZHIIAINTRANAUUEAS (A) WATAIINBIINAUY M)

HGRIE!
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Haon 2

7\, (nm)

MaTuNANaMINAaaf 2.1.2 . MIai19nIWIAIFIH taTMIHIANMATNTY

YBIXI1IAZAIYH IS

P
Hasan

a15NA% (em))

a1saraeEnsatiiies 0.1 mol/dm’ pH 24 | 9.0 | 90 | 90 | 90 | 90 | 90 | 90
asazatenIns v s ludueaug 0.1 | 02 | 03 | 04 | 05 | 06
1.5 mmol/ dm’

o o -4
ipfiaueanoend 95 nlosiEud 09 | 08 | 07 | 06 | 05 04 | 1

IO WAIDYI

430
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