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The main purpose of this research was to study scientific conceptual understanding 

of chemical equilibrium by using SE inquiry learning cycle incorporated with predict

observe-explain technique. Fifty-three Grade 11 students at Streeyala School were the 

target group. The treatment tool in this study were five lesson plans (totally 12 hours) of 

chemical equilibrium based on SE inquiry learning cycle incorporated with predict

observe-explain technique. The data collecting tool was a conceptual test of chemical 

equilibrium, consisting of 30 two-tier multiple choice questions. Students' scientific 

conceptions were analyzed as percentages and categorized as good-, alternative-, and 

mis-conception. Before the implementation, the highest percentages of students in 

good-, alternative-, and mis-conception categories were in the topics of reversible 

changes (22.60), changes at equilibrium (53.00) and reversible changes (S3.60), 

respectively. Right after the implementation, the highest percentages of students in 

good-, alternative-, and mis-conception categories were in the topics of reversible 

changes (S8.00), changes at equilibrium (33.00) and effect of equilibrium in chemical 

reactions (3S.00), respectively. The dependent samples t-test analysis indicated that the 

averaged post-conceptual test score (mean 36.30, SD 7.13) was statistically significantly 

higher than the average pre-conceptual test score (mean 22.23, SD 4.13), but not 

statistically significantly different from the retention conceptual test score (mean 36.51, 



SD 9.20) at p-value of 0.05. This verified that the implementation of SE inquiry Learning 

cycle incorporated with predict-observe-explain technique was effective to develop 

students' conceptual understanding and to promote students' retention of conceptual 

understanding of chemical equilibrium. 
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B-J'1B-J~\91~1-:i 1 ~mf1~Hnm -ii'b ~€le:l1'U1CJf\11~?1~~1fl1 'W'111 \91 bb'1~ fl1"jv11-:i1'U b vi~11'.f ~1'Ub u'UB-J'1'U€l-:i 

m1~-D'Vlcnl311?1\91{ B-J?I~ B-J?11'W nu m1~fi~?1~1-:i?1J1~ bb'1~ m?1\91{~'U ., 1'Vl CJ1l311?1\91{-d1CJ1 Vf~m~m1~ 
~ I ' 

1rl9!J'W115fi~ ~-:ifl11~fi~ bum vimb'1~bU'WB-J'1 fi~?1~1-:i?l"j"j~ f\~1 bfl"j1~~ 1"iJ1"jru i1Vlfl~~'11Aru 1 'W 
' v 

fl1"jfl'U vi1m 1~~ :Wm 1~?11~ 1"jti 1 'W fl1"jv11-:i1'U €! ~1-:i b u'U "j~uu ?11~1"jti l?i' ~~'W 1"il 1~ CJ1 -if-LJ'B~'1 ~ 
~ ~ 

m1~-rl tJ1'1i'B~1-:ii1bVll91B-J'1 ?1~1'l?l"j"j~bb'1~i1flruf5"j"j~ (m~1'1J1fl1"j m~'Vl"j1-:J~fl~1'5m"j, 2551) 
~ ' ' 
bfli1 b u'Ul311?1\91 { bb 'U'W-:ivi-d-:i~:Wm1~'11Aru'11vifo fl1 J b~ CJ'WTI 'Wi'IJ11'Vl CJ11311?1191{ "il1 b U'W~B m J 

v ~ 

b~CJ'W~bb'1~b.U1hi'Vlcnl311?1\91{~'W b'li'W '1111'VlCJ1 VJ~m~ bb'1~l?l~l311?1\91{ (Plfl~l31~ ?lm~J, 2555) :W 
~ ' ' 

m1~'11Afl 1€J~1-:i~-:i~€Jfl1"j~1"j-:J~1191"1l€l-:i~'W~~ bb'1~fl1"j1rl9!J'W1'\J"j~b '\11131, (?ltJ'W'Vl1 1u'1~~'W'Vl{ bb'1~ 
c~ q q '\J 

" 
fl tu~, 2546) JJ.:i~\9!J'U1e'.f b~ CJ'WVJ'l~1'W f\11~~'\111.:Jl'Vl CJ11311?1191{ VJ fl~~fl W'U1'W fl1 "j'\111'll'VlCJ11311?1191{ ' ~ ~ 

" " ' V q ii Q.I .c::r, V V Q.J ii er. ..:::j ii ii .:;;i I .c::r, 

'Vl fl~~ fl 1"j b J CJ'W J bb'1 ~'Vl fl~~ fl1"jfl~'U'W?l'l ~'l'W'Wfl"jB-J?I B'W1'/J1bfl~\91€l.:J?11m1ti?l"j1.:iu 11CJ1 fl1131'Vl?l 'l b?I "j~ 
'\J 'U 'U'U 

fl1"jb~CJ'W~'UB'l~b~CJ'W1~B~1.:ib~~Pl'flw11~ (n'1CJ1-Ll 1r'W1u bb'1~flru~, 2555) B~1.:i1Jn1911~m1~~fl1"j 
~ ~ 

b~CJ'Wfl1"j?l€J'W 1 'W1'1J1bfliJ 'Um 1 "j-:J b~CJ'W?ll91~CJ~m~~1'UmcJ.:i 1JJ'\J"j~?luB-J'1'11b 1"il b vi1~fl1"j tr rn~CJ'W~1'W 
1 viru f\~11 b u'Wi'IJ1~:W b i1'Bvi1iwifo'W b .U1 h CJ1 fl B fl~ .:im~ ?1 B'W ~ ~ n"il m1~ fl1"j b~ CJ'W fl11?1€l'W 1 'W 

v ~~ 

n"il m"j~ fl1"j b~CJ'W~ii' BCJ v111 Vf tr rn~CJ'W ~~rn rjB 'U1~m1~?1'W h~B1'1J1 bfli1 zj,:i~-:iB-J'1~ BB-J'1 fl1"j?l€Ju 
~ ~ 

0-N ET "il1 m1 CJ'l1'WB-J'1 fl1"j?l€J'U'V11'l fl1"j~fl~1 bb vl'l'/J1~~'Wv1'W~1'W ( 0-N ET) "j~~u.ff 'Wif 5CJ~~ fl~1 
"" 

ti~ 6 '\J"j~"il1tlm"j~fl~1 2555 bb'1~ 2556 'UB-:ih.:ib~CJ'W?l191~CJ~m ~u11 trrn~CJ'Wi1fl~bb'W'Wi'IJ1 
' ' 

l'/J1l'VlCJ11311?1191{ ?11"j~Vi 3 b~B'l?l11bb'1~?1~u~'UB'l?l1"j ml91"j~1'Wfl11b~CJ'W~ 3.2 bu~CJ 30.05 "" ~ 

(SD 15.50) bb'1~ 30.27 (SD 13.07) ~.:J\911"j1.:J~ 1 zj,:i~1fll1fl~bb'W'Wbu~CJ1~~'U~'ln~'11t!rn1m'Ul91 

v1'W~fl1"j~fl~1ii'6CJ~~fl~1b'Ul91 15 (?1mu'W'V1~?1Bum"j~fl~1bbvt.:i'IJ1~, 2555) 
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~1~1.!l~ 1.1 1:rnm~'Vl~fleJU'Vl1.!lm~fim~n~::~u"111~.ffu~iHi1'l.! (0-NET) 3.11~~~1'1.J 1 3.2 "tlfl.!l .. .. 
tl'm1vuiuirtm3Jfin~ntl~ 6 (1"111 bfli'.i) 

um~fim~n 2555 um~fimn 2556 

' "" ' d ' "" fl1 b 'lJV.!l b 'lJ'lJ fl1but'IV fl1 b 'lJV.!l b 'lJ'lJ 

30.05 15.50 30.27 13.07 

31.52 16.13 30.33 14.39 

27.46 13.04 25.88 11.47 

31.46 16.19 30.25 14.48 

m1~ir n b1 tJ t.dj e.J~i1ii ~'VlBvn-:i n11 b1ffw1"111briiJ~1 bu 'W e.J~ ~'\J b ~ e:wil 1 nir rn1tJ'WiJii1 'Wii ~ 

flm\91 bfl~ B'W b~ tJ1 n'U1"111bfli1 b v.111~ii 1 'Wii~1 'W1"111 bfli1"il1'W1'Wm rn~ m-U'B-:i n'\J b~B'l'W1i1u11ii~iiB-:i 

1~b~'Wbb~~61mY611~1~ (\31n~f'1~ ~Jl1~1, 2556 ; Ware, 2001) b~tJ1-U'8'1rl'\JD11fl{Jfl11ru1'U1~~'\J~ 

1~611il11fli!B'lb~'W~1tJ\911bLJ~1 b-li'W b~B'I B~~Bii 1m~n~ bb~~~'Wu~bfllJ n1161~1-:iiifoii~~flfl~B'I , " 
~-:im"il b um~B'ltJ1fl 'WBfl"il1ndtrrn1tJ'W"iJ1'U1'WmnEJ-:iiJbb 'U111Jii 1'Wm1i1ii1 'Wii~~flm\91 bfl~B'W 'Vl1B~\91 
"il1nm1i1bU'W"il~-:i'Vl1-:i1'Vlmf'1161~1mn~'W bv.111~ii foi1~~1-:i 11 'W1"U1bfliJirn"il~b~tJ1 b ~B-:inmb~~n'W 

(111.mru ~1~~, 2532) trrn~tJ'U?i1'W1m1)~-:i~-:im1iib~'W11bll'Wi"1l1~tJ1n '11brjB bb~~1~b~m-UB-:i 

n'U~1~LJ1~"i!Tfo (\31n~f'1~ ~m~1, 2555; Kegley, Stacy and Gutwill, 1996) U"il~m'Vl~1d(;\1'W 

vh lM'irm1tJ'W 1~61'W h b1tJ'Wbb~~iJe.J~i1ii~'VlB'Vl1-:im1b1tJ'W~1 (\31n~f'11 ~m~1, 2555) 

61ii\91~ bflilbll'Wii 1'Wii~'Vlti-:i~i1fl11ii611rl'ru1 'Wm1b1tJ'Wfl11618'UbfliJ b ~8-:i"il1n bll'Wii 1 'Wii~~'U~1'U~ , ., ... 
61'1rlt\J b'Ufl11Plfl~1il hiii~~'W 1 b~'W fl11Plfl~1b~8'1fl1\91-b'U611'W~1~LJ1~-.J11'W LJ5n~tJ11 vh~1bfllJbb~~ 

B~611'Vlm1ii n11~irm1tJ'W 1~b ·ih h~ 1 'Wii~ b~8'161i!\91mfli1 m"il?i'le.J~ 1 iXi!m1tJt.1LJ1~61'\JUru'Vl1m1 , , ., 

b~t.J'Wl"111bfllJ~'W~'l~B1LJ1'WB'W1fl~ (Bergquist and Heikkinen; bt.J11b1f'1 hb~'W bb~~flru~, 2550) 

bdB1bfl11~~e.J~m1b1t.J'W1 'W11tJi"U1 bfliJ b~8-:i61ii\91~ bfli1 zj,:i bum 'i1B'V!1611rlrum .Uci'1'Vlfo n11LJ1~ biJt.1 , ., 

e.J~fl11b~t.J'Wl"111bfli1 LJ1~"il1n1flb1t.J'W~ 2 "tJB-:iirm1tJ'W1~~'\J~'Wirut.Ji1Pin~1tJ~ 5 11-:ib1t.J'W61~1t.J~m 

bbe.J'Wm1 b1t.J'W1'Vl ~-flru~ v.i'U11 irm1t.J'Wi1e.J~m1b1t.J'W'Vl1-:im1b1t.Jmu~t.J1"111bflffi 'Wll n11Pi n~1 2555 

bb~~ 2556 bU'W 2.11 bb~~ 2.07 ~1i1~1~'\J (~111-:i~ 2) b\91muv.11~ 1 'Wtln11fin~1 2556 i1 

tJflb~t.J'W~1~e.J~fl11b~t.J'Wbvl1rl'\J 1.5 fi-:i~Bt.J~~ 24.02 "il1fl'<il'1'W1'WtJflb~t.J'W~'l'\lli!\91 (fl~il'\J~'Vl11'11'U , 

l"U1fl11b'lb~t.J'W61~1t.J~~1, 2555; 2556) 



\911-a1~~ 1.2 ~rnm-ab~£J'Ub'l~£J1"1J1bfllij im!o£J3Jfln~1tl~ 5 fl1fllb~£J'U~ 2 

tlm-af1n~1 2555-2556 

' 
fi1b u£J~ b uu3.l1\9l-a~1u .. 

2555 2.11 1.41 

2556 2.07 0.97 

3 

"il1fl'l1'Ul~tJ'lleNbtJ11b'H'1 hb~'U bb~~fH1J~ (2550) bb~~ Ozmen (2008) '\l'flJl1Um1tJ'U 

~~~'U.ff mJ'5 m..1~ fl~l\91 B'UtJm tJtJ ~~?l'UD ru'V!1~1'U m~ b1tJ'Ll b~B-:i?I~ ~m briil B~mfl ufl b~ tJ'Llil~ 1 'Ll~&1 
., ' '\J 

?t~~mb~~?I~~~ 1 'LltJl)n~tJ1briil b nB-:i"il1m U'U~ 1 'Ll~&1~riB'Ui1-:itJ1mb~~ b U'U'U1~5~~~ m~~i!m1tJ'Ll 

"il~v11m1m.U1h~ 1 'Ll~&1b 'Vl~1d i!m~tJ'Lll'i'B-:i1-d~'U\91'U1m~b~B 1 ~b.U1htJi]n~tJ1~bnl71~'U v111 ~ 
ufl b1 tJ'U~Tw'Vl~-:i b~Bfl~"il~ b1tJ'Unl71 tJ m'wiB-:i"il1 bb Vl'U m~v11m1~ b .U11 "il ?IB 171fl~B-:i n'U-:i1'Ui~ tJ'(J'i)'J 

'\J 

ivitJ1 J11zj'U bb~~1vw11~ ?1111rui.!BtJ (2553) ~'\"j'lJ11tl'm~tJ'Llil~1'U~&1Vl~-:ib~tJ'U b~B'l?\~171~ 
' ' 

bflil ~l'Um fl'i) ~1'UtJ1~ bi1Vl~ b 'U~&1 fl~1171 bfl~ 'iJ'U bb~~ 1~ b .U11"il~ b 'U~&1V11'1lVltJ11"1161191{~ b~ tJ1 n'U 
'\J 

'lJ'iJ'lb~'iJ'lJ1b\91BfoB 

"il1 fltJ~~?l'U m1ru?1B'U'llB-:i~i~ tJ '\"j'lJ11i1fl b1tJ'U"i1'1'U1'Llmfl 1~m1~ b .U11 "il b d B'Vl1'llB'161~171~ briil 
'\J ' 

bb~~ ~B'U fl~'U bn171~'U\91~Bl71b1m~1 tJB\91~1b ~1 b vi1n'U bb~"il1 fl m1X-:i bfl\91 "il~ 1~ b ~'Um1 b tJ~ tJ'Ubb tJ~-:i'lle:i-:i 
1~'\J'U 'Vl~Bi! fl b1 tJ'Ub .U11 "il11 djm~'U'U b .U1~m1~?I~171 ~ m 1~ b .U~i'U'll B-:J?111 ~ -:i ~ 'U bb~ ~ ?111 i;..J ~ \91 il ruGf'i 

'\J ' 

"il~ b vi1n'U ~-:idb nB-:im"iJ1m deJ'Vl11'Ll'UVlb1tJ'UB5'U1tJ1 'Ll~fl~ru~~b U'U'U1~5~1~ ~B-:i~'U\91'U1m1~-:i 
Wl1i''UB'UJ11fl ~1~?11m1ti~B'I b ~'U 1~~1 tJ\911b tJ~1 'Vl1flUfl b1 tJ'U hJ b .U1h~ b 'U~&1~ b1tJ'U'Vl~m .U11 "il 

' 
riml71bfl~B'Wtl'm1tJ'Ll"il~1~?11m1m1tJ'W~~ 1 'Ll~&11 'Vl~1~B~1-:iiltJ1~~vi6J11'\"j (61m"il\91tl B~~Pi~u bb~~ 

'\J ' 

l"i'fl~l"11 ?Im~~, 2554) ~-:iilm1~"il1b U'UB~1-:imfl 1 'Um~~\9lJ'U1fl11~boU1h~1'Ll~&1ivitJ1l"11?1\91{ ~-:i 
' 

m1tJ-rrntJ~tJ'U~ 1'Ll~&1~riml71bfl~B'U'llB-:Jum1tJ'U1 ~b U'U~ b 'U~&1vi1-:iivitJ11"11?1\91{ fl1b U'U~il'UVJ'U1Vl 
'\J '\J 

~1flt1J 1'Um1-d1tJ1 ~i!m1tJ'Ubfll71fl11~ b .U1 h~ b 'U~&1vi1-:iivitJ11"11?1\91{ bl71tJ~l71 n"il m1~~ b i.!'U 1 ~i!m1tJ'U 

b.LJ'11"ilbb'U1Al71V11'1lVltJ11"1161\91{B~1'1bb Vl"il~'I ('lJl\911 ~1tJrl1\911, 2551) ~171fl"ilm1~bb~~ 1i~B~~'lb61~~ 

1 ~~ b1 tJ'Ub .U1 h bb 'U1fi171~ b U'U'U1~5~1~1~-1J'171 b "il'Um fl~'U b"li'U 1 in"il m1~fl1 ~Vll71~ B'I ~tJJ11'V'j 
'\J '\J 

bb'U'U"i1'1~B-:i bU'Ul'i''U (btJ11b~1"1 hb~'U bb~~riru~, 2550; 'lJl\91~ ~1tJA11911, 2551) 
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' v 

"i11 b ll'Wl'i'e:i'lil rn1fr\9lJ'W1rn1~ \91 fl11b~ CJ'W rn161e:i'WVi611m1tifr\9lJ'W 1 rn1 b~CJ'W~'lle.J\111 fl b~CJ'WVl\l'Vl1\1~1'W 
'U 

m1~~bb~~vr fl~~m~'IJ1'Wfl11 b ~e:i 11X11m~CJ'Wbn\91m1m .V1h bb~~"il\91"il1rn1b~cm~tT'W1~'W1'W rn1 
'U 'U 

~\91fl11b~CJ'Wfl1161e:i'W1'Vl CJ11"11611?11 "il~ bn\91tJ1~~'Vl6.fl1'V'I n~ e:i b~e:i11fl b~CJ'W 1~i11e:irn61'Vl\91~e:i\I b ~e:i 1 ~ bn\91 

m1~im1m-if1h1 m'l~flfl11 fl!] bb~~'\11~~~~1\I 1 'Vl1\ll'VlCJ1!"11611?11 611m1titl1m1~i~1~ tJtJfo 1 -ti 

1~bn\91tJ1~1CJ"1Jtl (e:i'Um11ru 1Vf'Vle:i\I bb~~fl1'W~1?1~1'1?1tl 1~b61m, 2554 ) 
' ' 

iJ CV I Q.I ..::::.. q iii.I ~ ii 

m 1~1 bb~ ~'Vl fl~~ m~'IJ1'W rn1 'V'l'IJ11 fl11"il \91fl"il m1~ fl11b1CJ'W1\911CJfl1~'\J1'W fl1161'\J b611~V11rn1m 
'U 'U 'U 

611m1ti-d1 CJfr\9lJ'W1 rn1 b1 CJ'W ~1'VlCJ11"11611?11'll e:i\111 m~ CJ'W zj\ltJ1~ fle.J'IJ ~1 CJ 5 .ff 'W l?l e.J'W 1~ bbrl .ff 'W61~1\I 
'U 

fl11~61'Wh (Engagement) .ff'W~111"ilbb~~A'WV!1 (Exploration) 

(Explanation) bb~~.ff 'WU1~ b~'W (Evaluation) b ll'W n"ilm1~~11m~CJ'W 1~tJ~D'~ bb~~ b~ CJ'Wi b ~e:ifr\9lJ'W1 
fl11~~'\ll1\ll'VltJ1!"11611?11 Vlfl~~fld~'IJ1'Wfl11'Vl1\ll'VltJ11"11611?1{ ~\?ll'VlCJ1!"11611?11 bb~~m1m .V1 h b~m nu 

'U 

1'Vl CJ1!"1161 l?l { 1~ b lJ \911e:i m 6111X11 rn1CJ'W1~ -li'Vl' fl~~ m~u1'W fl11'Vl1\11'Vl CJ 11"11611?1 { 1 'W m1~111 "il 

1?111"il61e:iu 11u11~-Ue:i~~ Vl1e:i'Vl~fl~1'W~1\I 1 m 1 -lib ~e:ie:i6u1CJtJ11fl!Jfl11ruli11~"1J1~V1~mbnu11JV11 

1 'W~\1~11m1CJ'W~e.J\lfl11Vl1rl1\?le.J'U ("1J11?1~ ~1CJr11m, 2551) zj\lfl11~\91n"il m1~rn1b1CJ'Wi~1CJ~1CJ1'!] 

~ m rn1 b~ CJ'W ~ bb uu ~u 6611~ 5 .ff 'W b lJ'W15rn 1~ \91rn1 b1CJ'W fl1161e.J'W~iltJ 1~~'\llTI.fl 1'V'li6V1~ \I ~1Vlfo m 1 
'U 

~\91fl11b1CJ'Wfl1161e.J'Wbflil (Supasorn, 2015) *b1J'W11X11m1CJ'W~\lrl1tl1~ ~\161~~~~1'W e.Je.Jflbb'U'U 

bb~~v1'1 m1'Vl\91~ e:i\1~1CJ1?11 rn\I 61~1\lm1~ b-U11 "il'Vl1\11'Vl CJ11"11611?1 n\91 CJ m1bzje:i~1CJ \lm1~i b~~ b-U1nu 

VI~ fl ~1'W~1~ "il1 flfl11'\ll\91~ e.J\l'\111\ll'Vl CJ11"11611?11 bb~ ~61~1\I b lJ'W e:J\l~fl11~~~'Wln (~fl~l"11 61.fl1~1, 
.. 'U ' 

2554) b\91CJ~A1v1'1V11J1~tl1'W1CJA11~61~mfl 6111u61'W'W ~bb'W~ -d1mV1~e:i 1?1~e.J\91"il'WbbnuruV11~bn\91~'W 
'U ' ., 

"il1 fl m1 b1CJ'W m161e:i'W b ll'Wn"ilm1~m1 b1CJ'Wi~iltJ1~~'Vl6n1'V'l1 'W rn1fr\9lJ'W1e.mG1~~'Vl~'Vl1\lm1b1CJ'W 

bb~~~ 1 'W~ ~'\111\li'Vl CJ11"11611?1{ murinu fl11fr\9lJ'W1V1 fl~~ m~u1'W m1'Vl1\11'Vl CJ11"11611?1{ b"il \91A ~~ e:i 
'U 

1'VlCJ1!"11611?1{ bb~~ tJ\I b V1m~~1V1-ru~ b1CJ'W~ilm1~611m1ti'Vl1\161~ururu1'Vlm~~u ?f1~11ti-d1CJ11X 
'U v QJ , 

~ b1CJ'W~n~~G1~~'\ll~~1bb~~tJ1'U flm\I 11Xb-U1h~1 'W~~1~~~'W bb~~b ll'W rn1Vf 1'Vl1CJV1fl~~'\ll1\161~u11J11J1 
v ' ' ' 

oLJ'W61\I (hioher-order coonitive skills) ~1Vlfo~b1CJ'WViil~~G1~fl'\llTI61\11~e:i~1\I~ (~fl~l"11 61Jl1~1, 
'U :::> :::> \J "'I 'U q 

2555) 'We:Jfl"il1 fliln"il m1~v1'1'W1CJ-G1\I bfl1?1-e:i6u1CJ b ll'W n"ilm1~V1~\l~-d1CJ11X11 fl b1CJ'Wilm1~ b-U11 "il 

~ 1 'W~~'\111\1 bAiJ zj\I b~CJ1-ile:i\ln'IJ m1~11m~CJ'Wv1'1'W1CJ~\l~"il~ bn\91~'W"il1fl61m'Wm1cl~A1n1V1'W\9111X 
'U 

vl1'W1CJ bb~~rn1G1\lbfll?l -d1CJfr\9lJ'W1~ b 'W~~b~~'lle.J\111m1CJ'W~~ b 'W~~'Vl1\ll'VlCJ1!"11611?11mfl~'W (Smith. 
'U 

et al., 2010) iJm1~b-iJ1h~fo~~~b1CJ'W1m'W1~CJ~tJ11 (Costu, B. et al., 2012) iJ~fo~~~ 
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1"1'11\91 bl"l~ e:i'W'\J ew '1..:J?f 1:i.ndf;)~ ~'LI 1 bb 'Wl fl\91 Vl~e:i m1:iJ~ b~:lJ'll e:i..:iir n b~ CJ'W ?i:iJ b 'W:lJ~ VJ1..:ii'VI CJ11311?1\i11 
'U 'U 

:i.nn~'W ({\i1'U1 ~'W?f'W'VI bbm~1<tmvrn~ b~e:i..:i?flddru, 2555) 
' 

'<il~ b ~'LI 1~11?1:iJ\9l'1 bfl:i1 b U'W:lJ b 'W:lJ~~~1~ru~1Vlfomd b~CJ'W fl1'j?fe:J'Wbl"l:i1 zj..:itrn b~CJ'U?i1'W:iJ1n tJ.:i:U 
' v 

~\91 fl1'jb~CJ'WTI'VI CJ1\311?f \i1 { bb 'IJ'IJ~'\J b?f 1~'Vl1m1:\J ~ bb'1~fi'<iln'j1:lJvl1'W1CJ-i1..:i bn\il -e:i5'1J 1 CJ b U'W n'<il m1:iJ m 1 
'U 'U 

b~CJ'U~~?f1:lJ11f;)~~'U1fl11:lJ b oU11'<il:iJ b 'U:lJ~l'VICJ1\311?f \i11b tim'<il1n b U'U1tl bb '\J'\J m1~\9l m1b~CJ'U~~:Um1 
'U 'U 'U 

b'Vlfl'Llfl v\'1'U1CJ-i1..:i bn\i1-e:i6'1J1 CJ :i.nb?f~:lJ 1 'W.ff 'U'll CJ1CJl"l11:iJ~v\'11~irm~CJ'U1~:i1tld~?f'Ufl11tUb ~m~:iJ :i1 
'U 

m1m .U1 h:iJ b 'W:lJ~VJ1..:iiVJml311?1\i1{~fl..:i'Vl'W ?11m1m zje:i:iJ 1CJ..:i~..:i~b~CJ'U~?i~i\i1tl1~"'111'W 1~ ~1 CJ b 'Vl\ild 
'U'U ' 

.... 
2.1.:::::..CV 4 0 Q..I d ill/ CV Q.I d t.I .::::9 Q.J Q.J ~ 0 

t:-n'<il CJ'<il'l'U1fl1'j'<iJ\9lfl11b 1 CJ'U1\9l1 CJ1 f1'<iJ mmd b 1CJ'U1 bb 'U'U?f'U b?f 1~ 5 'll'We.J?f:!Je.J?f 1'Un'IJ b 'Vlfl'Ufl'V11'W 1 CJ-
'U \I d..J 'U 

i1..:ibn\i1-e:i6'1J1CJ 1 'W.ff 'W'llCJ1CJl"l11:iJ~ :i.n 1-tin'Uirm~CJ'W.ffmr5CJ:iJ~m~1u~ 5 b~e:i 1 ~irm~CJ'W:i11"l11:iJ boU'1 h 
'U 

:lJ 1 'W:iJ~iVJmm?t\i11b~e:i..:i ?t:lJ\91'1 bl"l:i1 bb'1~m~ CJm\9lVl1..:i11..:i1'Ui~CJde:ii'<il b tl'Utl1~ 1CJ'1Jtl~1Vlfomer?te:i'U 
'I 'U 'U'U 

1'Wfl1';i11'lbbe.J'W e:ie:imb'\J'\Jbb'1~~~'W1fl1';i~\9ln1';ib~CJ'W~ b~e:i..:i ?f:lJ\9l'1bfl:i1 bb'1~bee:JVl1bfl:i1~'U ., b~e:i 
" ' I 

G'i..:ib?f~:lJ 1 ~irm~CJ'U:i1:iJ b 'U:lJ~~?fB\9ll"l~e:i..:in'IJ:iJ b 'U:lJ~l'VICJ1\311?f\i11mn~'U 

i.2.1 b ~e:i~rn~1fl11m .U1h:iJ1 'W:iJ~VJ1..:iiVJCJ1\311?1\i11'lle:i..:iirm~CJ'U.ff 'U~5CJ:iJ~rn~1u~ 5 ~1 CJ 

l!J~ ndfl1'jb~ CJ'Wi bb 'IJ'\J~'\J b?f 1~ 5 .ff 'U e.J?f:!Je.J?f 1'U n'IJ b 'Vlfl-0 flvl1'U1CJ-i1'1 bn \i1-e:i5rn CJ 1 'W.ff 'W'll CJ1 CJl"l11:!Ji 

i.2.2 b~e:i~rn~1m1:iJl"l'l'Vl'U'lle:i..:i:iJ 1 'W:iJ~VJ1..:iiVJCJ1l311?1\i11 'lle:i..:iirm~CJ'U.ff'U~M:iJ~rn~1u~ 5 

~1 CJl!] ~ mm1 b~CJ'U i bb 'IJ'\J~'\J b?f 1~ 5 .ff 'U e.J?f:iJ e..i ?f 1'U n'IJ b 'VI fl-0 flvl1'U1 CJ-if ..:i bn \i1-e:i6'1J1CJ1 'W~'U'll CJ1 CJ 

1.2.3 b~e:i~rn~1~e:iCJ'1~:iJfo:iJ~f;)n~e:i..:i flm\9lbl"l~e:i'W bb'1~fl\9l'lle:i..:iirm~CJ'W.ff'W~5CJ:iJ~rn~nu~ 5 
'U 

~1 CJl!]~ndfl1';ib~CJ'Ui bb '\J'\J~'\J b?f1~ 5 ~'U e.J?f:!Je.J?f1'Un'IJ b 'Vlfl'Lll"lv\'1'U1CJ-i1..:i bn\i1-e:i6'1J1CJ 1 'W~'U'llCJ1 CJ 

1.3 m.1:u~~1'U"tJB.:i.:i1u1-.5'CJ 

1.3.1 irm~m~-&'U~LiCJ:iJ~m~1u~ 5 1d..:ib~CJ'WM1~CJ~m ~b~CJ'W~lCJfl1';i~\9lfl1';ib~CJ'Wi~1CJi'!]~m 

fl1';j b~ CJ'W ~ bb 'U'\J ~'\J b?f 1~ 5 ~'LI e.J?f:lJ e..1?11'W n'\J b VJ fl'Ll flfl1'jvl1'W 1 CJ-i1..:i bn\i1-B6'1J1CJ1 'W~'U'll CJ1 CJl"l11:lJ~ 
'U 'U 
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1.3.2 11m~tJ'U.ff'U~utJJ.JPlfl'tt1lJ~ 5 h'lb~tJ'U?fl?l~tJ~m ~b~tJ'U~1tJm~~~fl1~b~tJ'Ui~1tJ1'!]~m 
fl1 ~ b~ tJ'U ~ bb 'U'U ~'Ub?f 1~ 5 .ff 'Ue..i ?IJ.J e..J ?l1'U fl'U b 'Vl fl'Llfl fl1~vl1'U 1 tJ-~\l bfl \?1-B 5u 1tJ1 'W.ff 'U'LJ tJ 1 tJ f111J.J~ 

~ ~ 

b~B\l?IJ.J~~ bf1ililf1~ bb 'U'UJ.J 1'WJ.J~V1~\lb~tJ'Ubb~~m1J.Jf1\l'Vl'U'LJmJ.J1 'WJ.J~hJbbl?l nl'i1\ln'UB ~1'lil1!tJ?1'1ri'ru 
' v 

'Vl1\l?l~~Vi~~~'U 0.05 

1.3.3 1!m~tJ'U.ff 'U~utJJ.JPln'tt1lJ~ 5 h'l b~tJ'U?f l?l~tJ~m ~ b~tJ'U~1 tJm~~~m~b~tJ'Ui~1 tJl!]~ m 

fl1~ b~tJ'U~bb 'U'U~'U b?f 1~ 5 .ff 'Ue..J?IJ.J e..J G'f1'U fl'Ub 'Vlfl'Llflvl1'U1 tJ-~\l bfll?l-B5'U1tJ 1 'W.ff 'U'LJ tJ1 tJf111J.J~ b~B\l 
~ ~ 

1.4 "lleJ'Ub"lll'l"lleHM1'1.J1:&'t1 

1.4.1 tlj~"!11nj1'1.Jn1'a1:&'v 1~bbn 1!rn~tJ'U.ff'U~utJJ.J~n'tt1lJ~ 5/1-5/4 bbe..J'Un1~b~tJ'U 
1vitJ11'11?11?1-i-f1rul'l\311?11?1{ .n1m~tJ'U~ 2 tJm~Pin'tt1 25571 ~\lb~tJ'W?11?1~tJ~~1 "iJ1'U1'W 4 ~e:i\lb~tJ'W 

~1J.J 151 fl'W 

1.4.2 mi~~1e:i~1.:i1'1.Jn1"a1:&'t1 AB 1!m~tJ'W.ff'W~utJJ.JPln'tt1lJ~ 5/1 "iJ1'W1'U 35 fl'W bb~~ 
' 

1!m~tJ'W.ff'W~utJJ.JPln'tt1lJ~ 5/7 "iJ1'U1'W 18 fl'W ~1J.J~\lVIJ.J~"iJ1'U1'W 53fl'W1~m~e:imb'U'Ub"il1~"il\l"il1n 
'lh~61J1m 

1.4.3 ~1bb'lh 
" 

1.4.3.1 ~1bbD~B?f~~ AB fl1~~~fl1~b~tJ'U~~1tJlll~tl';jfl1~b~tJ'U~bb'U'U~'Ub?l1~ 5 <lf'W 
~ d.J ~ 

e..J?IJ.Je..JG'f1'Wfl'U b 'Vlfl'Llflvl1'W1tJ-~\l bfl(Yl-B5'U1tJ 1 'W.ff 'W'LJtJ1tJf111J.J~ 
~ 

1.4.4 bile:ivn~1 -if!. '1.Jn1j'Vl~~e:i.:i 

b d BVl1~1 m 'U fl1~'Vl~~ B\lfl ~\l.Q'b tJm d f.JVl1\?l1J.JVI~ n?t (Yl~ bbfl 'W fl~ 1\l fl1 ~Pl fl'tt1~'W~'W:01'W 
~ ~ 

1.4.4.1 LJ~n~tJ1~'Wn~u 1~ 

1.4.4.2 m~b'l.J~tJ'Ubb'l.J~-:i~m1~?1J.J~~ 
' 



7 

t.4.5 -a::v::b 'Jfl1vil<ITT 'LlnT:i'Vl~fila.:i 

m11~81 'Wflf~d1~~1 btJ'Um11 wnm~8'Wvl 2 tlm1Pin~1 255 7 6'11Vl1'u'l!m~8'W-5'W 
ir'Ei8lJPin~1tlvl 5/1 bb~::; 5/7 ~18TUbb'U'Ufl11~~fl11b~8'U~~1ff1n~mm1b~8'U~bb'U'U~'Ub?11::; 5 ~'U 

~ ~ ~ ~ 

~?!lJ~?11'Wn'UbVlfltJflvl1'W18-~~bn1?1-e.i6u181 'W~'W'LJ818fl11lJ1 11lJb1m 12 -&11m 
'U 

"' 
1.5.1 m-a~~m-ab'it1'W1~1v1'n~n-am-ab'it1'W1bb uui1u b~1:: 5 'tl'Wll-l~~ll-1~1'1.Jnu b 'Vlf'lilf'l v ~ v 

vi1'1J1t1-~.:ibn111-a6u1t11 'W.ff 'IJ6llt11t1f111~1 'Vlm8fi~ n'<iJm1lJm1b~8'W1vlLJ1::;ne.iu~18 5 ~'Ul?le.i'U v 'U 

1~ bbri (1) ~'W?l11~fl11:1.J?l'U h (2) ~'U6'1111'<il bb~::;fl'U'\/l1~18 fl11VJ~!;je.J~ bf1i1 bb U'U ~e.J~1'U (3) ~'W?l11~ 
f11e.i6u1mb~::;~~.LJ'e.i?11LJ (4) ~'Ll'LJ818fl11:1.J1 ~?!e.J'Ll 1 offn'<Um1:1.Jv11'Ll18-~~bn~-e.i6u18 1~81 ~'l!m~8'Ll 

' 'U 'U 

"' ' "' 0 ..::::i,q O::.cf I iJCl.I 6':::t. .<::\11.tl:!:lt.&:f I 

Vl1'Ll 18 ?! ~vi '<il:: b n ~'LJ'Ll '<il 1nm1vi ~ ~ e.i~ n e.J'Ll bb;;i 1 ?! ~ bn ~ ~ ~ m1vi ~ ~ e.i ~ bb!;1::; e.J'EiU 18 ~ ;;i vi bn~'LJ'Ll11 

?!e.i~fl~e.i~'\/l~e.i-IT~ bbt!~nu~~v11m8 H (5) ~'Llm1LJ1::; bi'.J'Ll~~ 

1.5.2 ~1'1.rn~ (concept) 'Vlm8fi~ m1:1.JA~'Vl~e.Jfl11:1.Jb.LJ'1h'LJe.i~'l!m~8'Wvl'<iJ::;?11LJ6ln~ru::; 

611r1t1J1 'LJ e.i~~ ~1~ ~ ~'Vl~~'Vl~e.iLJ11nnn11rue.i ~1~1~ e.i ~ 1~'\/l~~.yj bn~'<il 1 n m1~~ bn l?l 'Vl~e.i 1~-ru 

tb::;?fu m1rubM m nu ~~,!mb~Tt11mLJ 1::;m~ b .LJ'1~18n'Ll1 ~ b lJ'W.LJ'e.i?11LJ'LJe.i~~~,!'Ll 
' 

lh'l!m~8'Ll1?1e.Jut1n~~f11~e.iu bb~::; b 'Vl~~~ ~e.i11'1!m~8'Lli1:1.J 1 'WlJ~tin~e.i~ 
'U ' 'U 

1.5.4 ~ b 'IJ~~f'lfil1~Hf'l~eJ'IJ'Vl~eJ~ b 'IJ~~'V11~L~an (Alternative conception) vtm8fi~ 

f\11:1.J 1 fl11lJ b oLJ11 '<il 'LJ e.i~'I! n b~ 8'Ll~ tl n ~ e.J~ ~ 1:1.JVl61' n1vi 81~16'! ~ 1 bL~hj ?!:I.JU 1clbM81 nu n11e.i 5u 18 
'U 'U 'U 

1.5.5 ~b'IJ~~~~ (Misconception) VllJ18~~ fl11:1.Jim1m.U1h'LJe.i~'l!m~8'Llvl1:W?1e.i~ri~e.i~ 

nu bb 'Ll1f1~1vim~1?11?11~b lJ'W~8e.i:1.J-ru 1 'Llu'<il'<ilD'W 1~81~ 1~'<il1mb uuvi~?te.iu1~:1.l b'U:l.l~ b~e.i~ ?1:1.J~~ 
' ' 
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6U'W1~b~ n ~-:im"Jvi~fiei-:1?11:1JT~mn~:ff 'W 1~eici1-:i"J1~ b ~1 i16Uei-:i b~ mn~:ff 'W1!ei tJ b u'W m~u1'Wm"J~b lJ'W 

:Dmnu~-:i bb 1~tlei:1J bbfl~ifo-:in'Wm"Jbn~:1Jflm1~ 1~~ 

t.6 tl".i:: 1tJ"llu~f11~11lil:: 1~~'1.J 

1.6.1 b U'Wbb 'W1Vl1-:J 1 'Wm"Jeiein bb uu fl1"J~~fl1"Jb~tJ'W~ b ~ei?i-:i b?l~:lJ 1 ~~ b~tJ'Wi1:iJ b 'W:lJ~~?leJ~Ailei-:i 
~ ~ 

nu:iJ b'W:iJ~lVltJ1\3116'11?1{ 1 'Wb~el-:J~'W 1 mn:ff'W 

1.6.2 trrn~tJ'W?11m"Jm zjei:iJ 1tJ-:i~-:i~b~tJ'WTI 'W~ei-:ib~tJ'W nu~11?1tl"J~~11'W '11nm"J 1 -tl'eitl mru 
~ ' 

fl1"JVl~fiei-:i~trrn~tJ'W'Vj'IJ b'1eJ 1 'WVi'ei-:i~'W 

1.6.3 trn b~tJ'Wi1~1?161Twn bbfl~i1m1:1J1?1"J~Vlirn 1 'Wm"J~ bb'11'n-B1~-:ibn~tlei:1J 
~ 

1.6.4 irrn~tJ'Wi1A11:1J?l'W 1'1bbfl~i1m1:1Jm~~ei~eifo1 'Wfl1"Jb~tJ'Wl6/J1 bAi1mn:ff 'W 

1.6.5 iJrn~tJ'Wi1e..Jfl~:lJflVJtvi1-:ifl1"Jb~tJ'Wbbfi~ e..Jfi?lel'U 0-N ET ?1-:J:ff 'W bb'1~?11:lJ1"Jtitl1A11:lJ~~1\91 ·1 ~ ~ 

b~tJ'Wb u'W~'W~1'WG11Vl1'u m"J b~tJ'W 1m~~uei~:1J~m~1~ei1 t1 
~ ' 



.d 
\J'Vl'VI 2 

fl11l~CJddJ'Llfl11~\9lJ'U1fl11m-V'11'<ill-l b 'UlJ&i'Vl1'll'VlCJ1rall~Wl4 b~B'l?ll-l~mfl:W "IJB'ltJtlb~CJ'U~'U 
' 

Q.J t::!i .c:::i1d i.I Q.I Q.J .<::;ii 11 ~ ~ QJ Q, 0 QJ 

l.l6CJl-l~fl~1 ti'Vl 5 mm!J"ilmfl11b1CJ'Ll~bbUU?l'Ub?l1~ 5 "1J'Ut:-i?ll.lt:-1?11'Ufl'Ub'Vlfl'Llfl'Vl1'Ll1CJ-?l'lbfl\91-

BTI'IJ1CJ 1 'Ll~'U"IJCJ1CJfl11l-l~ ITT~ CJ 1~~fl~1bBfl?l11bbG'l~'l1'Ul ~CJ~b~CJ1oVB'l zj,:i-J1 b?l'UB\911lJ~1~'1JVl1oVB 
OJ OJ 

.. ' ' 
2.3 fl11'Vl~G'lB'lbfll-lbb'IJ'IJCJB?l1'U 

2 .4 lJ 1'Ll lJ &i 

2.5 lJ fol.l&i~flG'll~bfl~B'Ub~CJ1tl'IJ?ll-l~G'lbfl:iJ 
' 

di ., 

2.1.1 fl11~'Vi~1~6UeMfl1''H'l'U bli'l1~'Vi1Pl11~'a 
OJ 

fl11~~fl11 b~ CJ'U fl11?1B'U~1 CJ m~'IJ1'Ufl11~'1J b?l1~V!1fl11l-l~b lJ'Ll1D bb 'IJ'IJV!~'l~ b V!ln~?ll-l 
OJ OJ 

~1V!~'IJ fl11~~ fl11 b~CJ'U~l'VlCJ1~1?11914 "il1 fl fl11~ fl~1 fl111 Vlfl11l-JV!l.J1 CJ"IJB'lfl11?1B'Ubb 'IJ'IJ ~'U b?l1~V!1 
OJ 

fl11l.J~"IJB'ltJflfl11~fl~1 b~fl~1111B~1'l?l€l\1lfl~€l'ln'U~'ld 
OJ 

'll1\91~ ~1CJfl1\911 (2551) fl~1111 m~'IJ1'Ufl11~'1Jb?l1~V!1fl11l.Jf (Inquiry) vtmCJ~'l 

m~m'Um1~1.J fll'Vl CJ1ral1?1191TI m 'U fl11A''Uvt1m1l-l~'Vl1.:i1'Vl CJ1~1?11914 vt~e:i n"il m1l-lvt~e:i15m1 b~CJ'U~ 
OJ OJ 

' ' t::!i 0 Q.I Q, ( Q, 0 Q..I Q.J q lid ii .:;!:ii i.I 

m fl11'Vl1'l1'Ll"IJB'l'Ll m'Vl mm?! m ?1.:i?11flru"1Je:i'lfl11"il ~ m 1b1CJ'U1'Vl b 'U'Ll m~'IJ1'Ll m 1?1'\J b?l1 ~V11 fl11m 
" OJ OJ 

ti AB fl 111Vf1Bfl1?ILJflb~CJ'U1\iil oif v1' fl~~ fl 1 ~ 'IJ1'Ufl11'Vl1'll'VlCJ1~1?I19141'Llfl1161111'iiJ19111 "il ?I B'IJ bbG'l ~ 

11'1J11l-loVm;JG'lV!~BV!~ fl]1'Ul?i1.:i 1 m 1 .if b ~B€JTI'IJ1CJD11 fl!] mwfo11l.l'll1&1V!~B bbflU 'IJV!1 
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61!1\?11 ~1tJfl1\?11 (2551; eJ1\IB\l"il1fl National Research Council: NRC, 1996) fl~11 

l1 fl11~U b6"11~Vl1fl11~~ V1mt1'1\I n"il m1~Vl'1ell5flTH1tJ'U~~tJflb1tJ'U 1~'\.J nu~ bbfl~ b1tJ'U~b ~el 
'll 'U d..J 'U 

~w.J'U 1fl11m ·1h 1 "il'llel\I \?l'U bM t11 nu m1~~vi1\livi t111"1161\?l 1 bbfl ~~w.J'U 1 m1~ b -V11-<ii bM t11 nu m~u1'U fl11 
'U 

~u b611~V11rn1~j-Vel\ltJ fl1vi t111"1161\?1{11:W1'5m1Pifl~1u11 fl!J m1ruu11~61J1~el ~1'111 1~ tin"il m1~ 

Vl~el15m1b1t1'U~~1\I 61 "il~m~~'W1~trm1ti'W1~61'\lbfl\?l ~\lf11m~ ff'Wrii'1V11m1~~"il1mbV1~\1~1\I 61 ~ 
'll I , 'U I 

1~.vel~f!~t11bzjel~el elelflbbUUfl11Vl~flel\l 1.ff161~bbfl~bfl~el\l~el1'Ufl11bflU 11U11~ lbfl11~~ bbfl~ 
'U ' 

1w.J'U1~1 1~~uvifl-6 (2545) fl~1111 m~u1'Ufl11~rn611~V11m1~~ bll'Ubvifl'Wflm1 
' 'U 

~~fl11b1ti'W~~m~~'U 1~~b1ti'W1~~Url'UVl~elrl'UVl1fl1\?lelU 1 'Wb~el\IV1~elu1~ b~'U~n1V1'U~ b 1J'U 1 ~~ b1ti'W 
'U , 'U 'U 

"il~-d1tJ1 ~~ b1ti'W "rl'U~U" oLJel~fl bb6'1~~~1~uuri11~V1mt1.Vel~fl-Vel\l\?l'Ubel\I 
'U 'U 'U 

fl~ bfllVI 1 ~uf!~ (2542) fl~1111 m1~ub611~V11m1~~bU'Ufl1161el'U~b 1J'Um~U1'Ufl11 
'U 'U 

bb611\IV11ri11~j~"il~-d1t11~trm1ti'W1~ri''U~um1~"il~\1~1\I 1 ~ltJ\?l'Ubel\I 1~trm~ti'U1~i1u1~~um1ru 

\?11 \I b 'U fl11 b~ tJ'U~ b tr elVl1l61J1 fl1l V1 tJ11"1161 \?l{~\1~1bU'U191 el\li1 fl11 b\?l~ tJ~~fl1~ bb 1 ~~el~ b 'U fl1'H1 tJ'U ~ 
'U 'U 'U 

Plfl~11fl1 \1~~1\1-Vel\I m~u1'U m1~el'U fl11~~~111i'u b i1elV11 1~ti mv11V11J1~fl~ 1t1~-d1 tJ bbf!~tr m~tJ'U 
'U 'U 

b~1~V11m1~~ b ll'Un"ilm1~m1b1ti'U~~b1J'U 1 ~i!m1ti'Wri''Wri11V11ri11~~~1 t11'11 bel\I "il1flm161\I bfl\?l ~\I 
'U 'U 'U 

fi'1m~ ~111"il\?111"il6"1elU bbfl~11u11~-LJ'el~G'lV1~elVl~fl;j1'U~1\I 61 b ~elVl1fl1\?lelU 1~ti1 .Um~u1'Um1 
'U "" I 

V11\llV1 tJ11"11~\?1{1 'U fl11 bb~1\IVl1fl11~~ v111 ~tJfl b~ tJ'Ubfl ~fl11~ b oLJ1 b "il rl'U~Ufl11~~Vl~el bb 'U1Vl1\I 
'U 'U 

bbntlruV11~t1fl~el\1~1 til'11 bel\I fl1v11V11J1~b ll'U~eJ'1'U1t1fl11~~~mfl ~i!'U~'U'U -d1 m VJ~el \?lG'lel~"il'U v 'll 'U 'll , 

bbntlruV11~ bn~~'U"il1flfl11b1ti'Wfl11~el'U b ~el 1~trm1ti'W'U116'1b1'.11V1mt11 'Wfl11b1ti'U~ 
~ ' 'U 

2.1.2 ~'U~eJ'lJn1'~~~nTn~tJ'U~bb 'U'U~'Ub6l1~l11fll11~~ 
'IJ 'IJ 

tr fl fl11Pl fl~11~i11b~'Uel1'\.J bb 'Uum1~~ m 1 b1 tJ'U~ bb uu ~'U b~1~V11ri11~~ 1 i'Vlm fl Vim tJ 
'U 'U 'U 

1'\.J bb '\Ju~ 1\1 n'U 1'11el~1\IVl~\l-Vel\11U bb '\JU m1 b~tJ'U~ bb 'U'U ~'U b~1~V11 ri11~ -rt~ bb n fl 11 ~'U b~ 1~V11m1~ ~ 
'U 'U 'U 'U 'll 
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,, 
~1CJl!)~n1fl11b~CJ'Wibb'\J'\J 5 oLJ'W (5Es Learning Cycle) ("111~~ ~1CJfl1~1, 2551; eJ1\IB\l''iJ1n 

Bybee, 1997) 

2.1.2.1 .ff'W?t11\lfl11l.l?l'Wh (Engagement) bU'W.ff'Wm~~'W1~'11m~CJ'Wbtl(9]fl11l.l?l'Wh 

1'Wnlilm1l.lm1b~CJ'Wi 'l1m~CJ'WfJ11il?t'Wh1~~~\1"1JeJ\I u~Vl1 b'Vl~m1ru Vl~eJ?1m'Wm1rut?h\I 1 

nlil n11l.1"1J eJ\l.ff 'Wdfl111ii ~ b zjfJl.l bCJ\11~Vll1\ltllil n11l-l~1~ b~CJ'W bbti1 n'U nlil n11l.l~lil ~ b~CJ'W~ fJ 1 tJ n11 

m~~'W 1 iX'l1nb~CJ'Wbtl(9]fl11l.l?l'W1Iii1 'W nlilm1l.l m1b~CJ'W1eJ11iiv111~(9] CJ m1ml.lr\'1ml.l fl1'Hl1Vl'W(9] 
' " 

b Vl~ m1ru bb(;'I ~fJfJ n bb 'U'U nlil m1l-l m1 b~CJ'W m1?1 eJ'W 'W eJ n1i11ndfl1 cJ\I b lJ'Wer b~ ~CJl.16'11 ~l'U.ff 'W~fJ'W ~1\1 ., 
, 'll 'U I 

"LJfJ\I nlil m1l.l nlil m1l-l 1 'W.ff 'Wdhifl111il~ 1-if b 1m'W1'Wbb(;'l~CJ1mn'W 1 tJ fl111il~b lJ'Wnlilm1l.l~~1CJbb(;'I~1-if 

2.1.2.2 .ff 'U611111il bb(;'l~fl'W'Vl1 (Exploration) bdeJm~~'W1 iX'l1m~CJ'Wbtl(9]fl11l.l?l'Whbbti1 
'11nb~CJ'Wlil~1-if b 1m 1 'W m1611111ii bb(;'I ~ fl'W'Vl1 bb 'W1fi (9]"1J fJ\I ~'W nlil m1l.l61'1111ii bb(;'I~ fl'W'Vl1di11ii (9J'lJ1~?l\I r1 

' 

{;1\l:WeJtJ5u~ ~\lbb(;'l~Vl(?]?ff)'\J ?ll.Jl.1~~1'U bbnu~Vl1 m1Vl11?11bb'Li1bb(;'l~m1~\lr\'1ml.l 
2.1.2.3 .ff 'WfJB'\J1CJ (Explanation) fl11fJB'\J1CJ VlmCJ~\I m1m~vl1Vl~fJnW'U1'Wfl11~ 

v111 iXbtl(9]fl11l.lboU1 hbb(;'l~fl11l.lm~~1\lb~CJ1n'U bb'W1fi(9] m~'\J1'Wm1 Vl~eJ'l-1m~~ m~'\J1'Wfl11fJB'\J1CJ 

1ii~v111 iX'l1n b~CJ'Wbb(;'l~fl11~ -if r\'11'1'11'tvi~i1m1l.l~l.l~'WBtl'\JtJ1~?1'\J m1ru'Vl~fJtllil m1l.l m1 b~ CJ'W~ 1 'W.ff 'Wd 
" " 

,, ' 
c::t. c::t. c::t. ~ Q.. Q.. d i.I Q.. d c::t. Q.J ..::ii 

fl11fJ'o'\J 1CJ b "11\11Vl CJ 1 m?1~1 nlil m1l.l fl11fJli'\J1 CJ'Wfl11 b 'W'W fl11fJli'\J1 CJVJ bn(9]1iJ1n'W n b 1 CJ'W bfJ\I bb(;'l~m1 

b zjf)l-l 1CJ\I n'\J.ff 'W ?1~1\1m1l-l?1'W1 lil bb(;'i ~.ff 'U611111ii bb(;'I ~fi''U'Vl1~1 CJ Iii (9]tJ1~?1 \I ri'Vl61' n"U eJ\l.ff 'UeJ6'\J1 CJd Mi fJ 
' 

m1t11b?l'Wmb'W1fi(9] m~'\J1'Wfl11 Vl~eJ'l-1m~~ ~v111 iXb .U1h1~~1CJ oU(9]bliJ'Wbb(;1~~1\l 1 tJ~1\lmbb(;'I~ b ~fJ 

b zjf)l.J bCJ\ltl'\Jtlliln11l.lfl11b~CJ'W.ff 'W~fJ 1 tJ 

2.1.2.4 .ff'W"UCJ1CJfl11l.l~ (Elaboration) bdeJ'l1m~CJ'W 1~fJB'\J1CJ~\l~~'WbfJ\lb~CJ'W~bbti1 
" " 

'Llm~CJ'Wfl111~ffieJ m?11 'Wm1tJ1~CJ nl?i°Vl~fJ"UCJ1CJ bb 'W1fi(9] m~'\J1'W fl11Vl~eJ'l-1m~~"UfJ\l~'W 'Lln b~CJ'W'\J1\I 
' 

fl'WfJ11illil ~ cJ\I hJi1 bb 'W1fi(9]~flm(9] bfl~fJ'WVl~fJ b .U11 lil bb mfi (?]~~'WbfJ\I b~CJ'W~fJ ~1\1 b~ CJ1 .ff 'W"LJ CJ1 CJ fl11l.l~d 
" " 

~\I b ll'W.ff 'W~'li1CJ 1~'l1m~CJ'W1~btl(9]fl11l-l1~ n-11\1"1J11\l~'W 1 'W.ff 'Wd'l1n b~CJ'Wm11~ b~CJ'W~ bb 'U'\J~1l.l:WeJ bb(;'I~ 
" " 

m1~1l-leJiltJ 11 CJ b ll'Wn~l.1~1 CJ b yj'j1~1ii~v111 ~'Lln b~CJ'W 1~ bb?f (9]\lfl11l-lfi(9] b ~'W bb(;'I~ bb(;'I n b tJ~ CJ'Wbb 'W1fi(9]~ 
' 

~'Wb o1f 1 h n'\Jer~'W bb(;'I~ 1~-r'U.LJ'eJl.J(;'!UeJ'Wn6l'\J1i11 m ~fJ'W~1l-l.ff 'W 'W eJ nlil1 nd.ff 'W"1JCJ1 CJm1l.l~cJ\l'li1 CJ1 iX 
" " " 

'Llm~CJ'W 1~ br.J~ru tl'\J?lm'Wm1ru'Vl~eJurum 1 Vl~ 
v v 
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2.1.2.5 .frt1U';i::5b:Dt1 (Evaluation) nT~U';i::5b:Dt1e:i~1..:ihJbllt1'Vl1\lfl1T~::5bfll?l~'Wl'lmW1b1m 

1 t1'Vln.frt1l'leJ'W'1JeJ\ln"ilm';i~Jn1';ib~CJ'W~ ~1Vl~Un1';iU';i::5 b:Dt1e:i~1..:i b U'W'Vl1\ln1';i fl';)?l1ll1';itlvl1 b~Vl~\l"il1n 
' '\J '\J 

'U'Vl'U1'Vl"!Jel {jfl~ 

"1'W'1~1..:if111~'1'1JL:ij - mlll°l1mll b-d'W v111lli'i'l bnl?l b 'li'W'lf 

b ll'Wim~ll~'W'(Je:i.:in"ilm';ill e:i::5 b ';i~Q'U~bb~1u1..:ib~c.11nrn~e:i.:id 
'\J 

fl1';jb~CJ'W~ n"ilm';illf11';i"il::5 -U'e:ill6'leJ::5 b~Q''W?l1ll1';itl'Vl1b ~e:i~rn~1 b~'W 
'\J '\J 

1c.1..:i~.:i~bU'WU';i::5?1Um';iru b~e:i'ld "il::5m5m';ibbn'Li11J'Vl1b~e:i..:id - ~..:il°l1mll'Vl~e:i'Li11Jm 

:, o II 

"!J'IJ'11'a'J:ij bb~~fl'IJ'Vl1 

b llt1~t1~t!m~CJ'W"il::51'u 
' d U';i~?lunT'HUb '\AleJ'Vl1 bb6'l~ 

~WJ'W1bb'W1Al?l 

m~u1t1fl1';ibb6'l~~rn~~ 

.. 0 

'Vlfl1'\ll'Ul?l 

- 'Vll?l6'feJUfl1'jvl1'U1 CJbb6'l~?llJlJ~~1'U 
"' 

- Vl115m'jbbn'Li11J'Vl1 bb6'l~e:intJ';i1c.1 
I 9.1 I i.I 

.c;ij QJ .c:::..d Q.I Q.I ~ I Q.I 

bn c.11 n'tn5fl1';i'W'W nub 'l"leJ'W'j1lJ"1l'W 

- D'WVin~.:i~G1''lbnl'l 1vi' 

- l'J'j'J"iJ?leJUbb'U1Al?l'1JeJ'll'l'U 

' 
b~ll'1Je:i'lt!m~c.1'Ubnc.11nu 

v11'l1mu'Wn~ll 
' 

IV d 0 d 

'Wm ';jtJ'W'Vl1\11'Ubb6'l~ll 

tJ~G1'll~'W6nu b ~ eJ'W~1ll~'W 
0 d ,% ~ 

- mllri1mm 'l"le:i61ltJ';i~ bl?l'W 

1 ~t!m~tJ'W~VJPl'Vl1'll1 b '1J1 
'\J 

rl1~'11'J'j'J"iJ?leJUeJ~ b 'j 

- 1~nmnut!m~tJ'W1'Wm'j 

'11'j'J"iJl'l';i1"iJ?leJU 

- bU'W~tJ~mn 



., "" 
"ll'UeHi'U1tl 

bU'l.m1':i?1~1'lfl1i:w?1'1.Jl'il 

11X'l! m~m.rvhn':i t1.n 

tl':i~b~'U~1'1 11 'U~'U?l~1'1 
m1~m.A<ilbb~~~'U?\'1':i1"iJ 

iJ d I 

bb~~fl'U'Vl1'Vl[;.J1'Um bb~~ 

bll111 him?111Xbb?ll1l'lf111~ 
., 1 .,. 

b"tl1 "iJ nWU1'Un1':i Vl':i'E:I 

'Vln~~"tl'E:l'l~'U 1 'W~'Utlfl':i 
'U 

?11m':itit11b?1'Umb'U1fi111 

m~u1'Um':i Vl~'E:l'Vln~~ 

~ .::;:,,. .<::::ii ll 

b~~b~~ n1':ib':itJ'U':ibblJlJ 
'U 

11~~€1"il~bn111~'U 1 'W~'Ud 
~ltJ 'l!m~tJ'U"il~1~~~'U1 

m1~~m1~b.U1h~~n 
'U 

., di 
bb~~n11'l"tl'U"il1n 

tl':i~?llln1':itub Vl~ 

" ~l~i'U 

- ~'lm':i€1'5u1tJ"tl€1'lb~€l'Wn~~~'W 
' 

- ~'lbb~~YW1tJ1~vl1fl11~boU11"iJ"il1n 

m':i€1'5u1tJ 

- bzj€1~1tJ'lnun"iJm':i~~~1'U~11-ti 

oLJ'E:l~~~'IJ''UVin"iJ1nm':i~'lbn~ 1 'Wm':i 
'U 

- ~1~eiiltl':i1mu'Un~~ 

- bb?ll1l'lfl11~f1111 b ~'Ubb~~ bb~ m tl~ tJ'U 

bb 'Ulfl\11~~'1.Jb .V11"il tllJ~~'U 
'U 

" 
i'W 

- b[;.J~runu?lm'Um':iru'Vl~ffuru'Vl1 
v v 
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'U'Vl'U1'Vl "lJ el .:i fl~ 
'II 

BBlJ1tJ bb 'Ulfl\11 bb~~'LltJ1~ 

~1~m1~b-LJ'11"il"tleN'l!m~tJ'U 

beM 

- m~'l!m~tJ'Ub~ei11X 

11 n b~ tJ'U bb?I 111'1Vl~ rnn'U bb~ ~ ... 

0 .,. ., 

?f 1':i1"iJVl':ieJ fl'U'Vl1 

- b~~tJ~~1-UtJ1~ ~1ei'Bu1tJ 

bb~~~1~~'Vlb Vl~ 

- 1-titJ':i~?lum':irub~~"tlei'l 

'l!m~tJ'U 1 'Wm':iBBU1tJ 

bb'Ulfl\11 

- m~~'U'l!m~tJ'W11Xbb?l111'1 
' 

"' .. 
fl11~fl\1lb Vl'Ubb~~ 

bb~ m tl~ tJ'U m1~fi111"tlei'l~'U 

- 11X.Vei~mJei'Un~u 
'U 

- ~11lb~~tJ~tl':i~?IUn11ru 

Vl~B?lm'Um':iru'Vl~BU'1J'Vl1 

1'Vl~ 



-. 

~ 
"!l 'U tJ -a ~aihJ - tl'a~bii'Wfl1'a~\9lJmm1moLJ'1l<i!"UEJ'I 

1?1'Wb€l'll11~b~tJ'W~EI~ bu1-:i bbG'l~ 
'IJ 
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'U'Vl'U1'Vl"!JeJ.:!lil~ 

fl11ilb oLJ1 lil"UEl'll?l'W ~'Wtl'a~ bli'Wb lJ'W~'W 

?!iJ'U?!'W'W 1~irm~tJ'W1~ - ll?lbbG'l~UWbii'W~\9lJ'W1fl1'a 
' 

fl11:1.J?!1ill'afl"UeNl?l'W bbG'l~ 

fl 'a 1 ~ iJ1e.J fl1 ?! tJ 'a ~ bii 'W 
'IJ 

~\9lJ'W1"UEJ'lirm~tJ'Wl1 

b lJ'W 1 tl1?11iie.iG'lm'ab~tJ'W~~ 
'IJ 

m~fl'W'\Al'U b ~ii b~:l.J 

- '¥11 bb 'U'Ull?l bbG'l~tl'a~bii'W~\9lJ'W1fl1'a 

d "" 'V13.11: "1J11?1'a ~1tJA11?11 (2551: 39-42) 

.:=:ii i.I CV .::::ii 

b 'atJ'W'a"UEJ'l'Wflb 'atJ'W 
'IJ 

- 1oUbfl~EJ-:JrJEJ'\ll~EI 

'ii] 1 fl~ 'W !?) El'W 6U El'! fl 1'a~ IP] fl1 'ab~ tJ 'W ~ bb 'U'U~'Ub?!1 ~Vl1fl11:1.J~?!1ill'afl ?!'atl1~ ~-:id ~El ~'W ?!~1'1 fl11:1.J 
'IJ 'IJ ' 

?!'W h b U'W~'W~ m~ l'i''W1 ~,:r fl b~ tJ'W bfl IP] fld 1:1.J?!'Wh 1 'W fl1 'H~ tJ'W nl?l tJ fl1'afl1:1.JA1 mii Vl~EI fl1Vl'W IP] 
' 'IJ 

"il~b~tJ'W~EJ 1 tJ 1 'W~'W~1'a1"il bbG'l~A'WVl1 irm~tJ'W~1'a1"ill?l'a1"il?!EJ'U bbG'l~A'WVl1 bb 'W1 ~l?l"UEJ'll?l'W ll?ltJ 1 oU~fl~~ 
m~tJ1'Wfl1Wl1'1lVltJ1ia11?!1?11b ~El'a1tJ'a1:i.JoLJEl:i.JG'l 1 'Wfl1'al?1EltJUruVl1 ~'WE16u1tJ bbG'l~G'l'loLJEl?!'atl iT fl b~tJ'W 

'IJ " ' 

6U el 'I oLJ' el ii G'l bb 'Li G'l fl11iiVl:i.J1 tJ oLJ' el:i.J G'l bb G'l ~ G'l-:i oLJ' el?! 'atl bbl11?!~1-:i fi 1el5u 1 tJ ~?!el l?l fl i1 el-:i nu-LJ el ii G'l ,1 'W ~1 tJ 
\J 'll 't 'll 

fi1'W1?1"Uel-:iirm~tJ'W 1 'W~'W"UtJ1tJfl11ii~irm~tJ'Wb zjelii 1tJ-:inufi1el6u1tJ"Uel-:iir m~tJ'Wnum1ii~~'W ., bbG'l~ 
'll cu 'll I 

b tl~tJtJ b Yi tJtJ num1ii~1VJ mia11?11?11;,:i,:r fl b~ tJ'W"il~ 1~~\9lJ'W 1m1ii~ fl11:i.J b -V11 "il~~ fl bbG'l~ fl11-:i~'W"il1 fl 
'IJ 'IJ 

tl'a~?!u m'aru1 mJ bbG'l ~~'Wtl'a~ bii'We.i G'l fl'aU'a~ bii'We.iG'lir m~ tJ'W 1 'WVJ fl~'W l?1 el'W"Uel'I m~u1'W fl 1'a~1?1 m 'a 
'IJ ' 

b~tJ'WibbG'l~bUl?l lelfl1?!1 ~irfl b~tJ'WU'a~ bii'Wm1ii b-1J1 t"il"Uel'l~1 bel'l~1 tJ 
ilc:I 9 ii 

2.1.3 "!JeJ~"!JeJ.:!fl1'a6leJ'Ubb'UU'61Ub611~'Vl11il11l.J'a 
'IJ 

Jl'W bmVl1'WuG'l~ (2542) bbG'l~Ylii~'W5 b\?16/J~fltl\91(2544)1~fl~11fi-:i-1Jel~"Uel-:im'a?1el'W 
'IJ ' 

dil i.I Q.I d{ 
bb uu?!u b?11~Vl1m1m1?1-:i'W 

'IJ 



-. 
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(1.1) tJflb~tJ'Wiih1m?11~~\>ll'U1WJ1~fi~B~1-:ib~~~ 1~Plfl~1~'Uf1l1~1tJ\?l'UbB-:i ~-:iii 

m1~BtJ1flb~tJ'U~B~\?16'1B~b"Jm 
" " 

( 1.2) b ll'Ufl1'j~l'lJ'U1Pi'fltJm~~1'U?1~u~~1 b ll'U1!fl'1b~~?1~1-:i?f'j'jfl bb'1~11fl~~wb'Li tJu 

(1.3) fl1'j~'U~u~1tJ~1bm vh1~\n~bbd-:i"il-:i1"ilmtJ1'Wmflfl11mdb~tJ'Wbbuuvim~1 
" 

vh 1 Vf?11~1d11"iJ~~11~m'Wbb'1~t111 tJ1 -ITT 'Ll?f m'Wmdru1 Vl~Bfl~1 tJ 

(1.5) 1!m1 tJ'Ub U'UPl'W~ fl6'11-:imd b1 tJ'U fl1'j?f B'U"il~v111 Vf md b1 tJ'UiJm1~Vlm tJ b U'Ufl1d 
" 

.::::ii d~.::::i1~ .:::ii 

b'jtJ'U'Vl~'/J"J\?l'/J"J1 

( 1.6) 1!m1tJ'W?f1mdtl b1tJ'W~~ 1 'W~~ bb'1~Vl~flfl1'j'\ll1-:ii'VltJ1P11G'f 1?1TI~b ~i:ff 'W 
" 

( 1. 7) 1!m1tJ'W"il~ b ll'U~iJb"iJ\?lf1~~~191Bmdb1tJ'UmdG'f B'U1'VltJ1P11?11?1{ 
" 

( 1.8) 11 m1tJ'U1~LJ d~ G'f U fl 1d rul?ld -:i !J fl VJ fl~~ fl1 d bbrlU ~Vl1 VJ fl~~ fl 1d1 -if bf1 ~B-:iiJB 

1'VltJ1m?11?1{bb'1~?11md11t11m1~n tJ1-ITT'Ll~11?1LJj~~11''Ll1~ 
" 

~l>ll'U1PlfltJI11~~1'UU~~1 f111~fi~B~1-:ib~~~ 1~Plfl~1~'Uf1l1~1tJl?l'UbB-:i 1~i;:i-:iiJBLJ~u~ iJ 

LJj~?fu fl1'jrul?ld-:i !JflV1fl~~fl1'jbbnuru'Vl1 v111 Vf1!fl b~tJ'W~'U~u bb'1~?11md11?1~1-:i1Nfif111~~~1 tJ~1 bB-:i 
., " 

2.2 b'VlfliJflvl1'U1ti-~.:ibfl~HlG'U1ti 

b'Vlf1'Wf1vl1'U1tJ-~-:ibfll?l-BBtJ1tJ m"il1flr1111 Predict-Observe-Explain: POE b U'Ub'Vlf1'Llf1vfl Vf 

1!m1tJ'W1~b1tJ'Wi"il1flfl11vl1'l.rn.J (Predict) m16"-:ibfll?l (Observe) bb~:::fl11eJB'U1tJ (Explain) 1ib~eJ 

m~~'W 1Vf1!m1tJ'WG'f'U1"il ~-:i~'U 1 'Wm1'Vl~i;:i B-:i 1~tJ 1 Vfi1m1tJ'Uv11mtJt:-J'1~"il~ bn~:ff 'Ll~1-:i'VliJ1neJ'U6'1-:iiJeJ 
' ' 

vl1fl"il m1~ b ~€! 1 Vftr m1tJ'Ll~-:! bfll?leJ ~1-:!"il~~eJ '1~ bBtJ~ 1BtJf1BtJ t11t:-J6'1 fl11'Vl~'1eJ-:!~1~"il1fl m1~-:i bfll?l 

mB6u1mb'1~ b LJ1tJUb VJtJtJti'u~-:i~v11'U1tJ 11 1.Jm~tJ'U"il~~?ifl?f'Ufl?f'W1'W bb'1~ 1 'W'li1-:i~v11n"ilm1~Vl~eJ 
" ' 

vl1fl11'Vl~'1B-:!bb6lTVf1'Vl1tJ 1 'Ll fl1j~'U'Vl1f111~~ b ~B\?ld"J"il?IBU t:-J6'1 fl11vl1'U1 tJ'/JB-:1\?l'U beJ-:1 G'f tl1U'U~-:! b?f'1~ 
" 

m1?1eJ'Wl'VltJ1P11?11?1{bb'1~ b'Vlf11'Ll fa~ (2552) 1~b?f'Ll'il~'Lll?leJ'W'/Jm b 'Vlf1'Llf1vi'1'U1 tJ-~-:i bfl1?1-eJ6u1tJsS-:i:W 3 

" " 
-V'U \?leJ'U 171-:i'Ll 

(1) ~'Uvl1'W1tJ (Predict) f111 oif r11m~m~~'Ll1 Vf1!m1tJmbl9i'1~fl~~/f1'U vi'1mCJ~-:i~"il~ bn~:ff 'U 
" ' ' 

"il1flm1?1161?1 m1'\ll~i;:i ei-:i'Vl~eiu ~Vl1~ n1Vl'U~ 

khanitha
Rectangle
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(2) ~'W61\lbfWl (Observe) m1~irm~tJ'Wvl1n1'aVl~~el\I 61\lbn(?l D'WVirnrn b~elPlm~111~~~ 
" 

bn~~'WblJ'Wel~1\I b bb~:::blJ'W 1 tJ~v11mtJ HVl~el hJ 

(3) ~'WelB'\J1tJ (Explain) 1~irm~tJ'WelB'\J1tJ~~~bn~~'W'1~\I m'1m\lnu~v11'W1tJH~\IV1l.l~ Vl~el 

u1\1~1'W fl'a 1 ~irm~tJ'Wi bfl'a1:::~V11?11b V!(?l bb~:::?t'a'IJ 
" ' ' 

vl1'W1tJ-61\lbn{?l-elB'\J1tJ (POE) 'IJ'a:::nelu~1tJ 3 ~'W(?lel'W 1~bbn ~'Wvl1'W1tJ 61\lbn(?l bb~:::~'WelB'\J1tJ 
(1) ~'Wn1'avl1'W1tJ~~ (Predict: P) 

uviu1vi fl'a: b lJm~'tl 1 b?f'W el?f m'U m 'aru tJ n 1'11el ~ 1\1 Vl~el?f 15(?1 nT'rn ~~ el\I bb~:::v11 m'a~ \I 
" " 

r11ml.l b~tJJ numn'Wm'aru V!~eln1'aVl~~el\lt1'Wb ~el 1 ~irn b~tJ'W 1~v11'W1tJ~~ 

'\JVl'\J1Vlir m~tJ'U: vl1'U1 tJ ~~ n1'aVl~~ el\I~ fld'a'1::: b lJ'U 1 tJ1~'11 n n1'aVl~~el\I~ fl'an1Vl'U~~'U 
" 

(2) ~'Wn1'a'Vl1rl1{?lel'\J'11n?fm'Wm'aruu111V11 (Observe: 0) 

uviu1vifl'a: ~~b(?l~tJl.lel'IJ mru~~1b lJ'Wl?i'el\l b oUl 'W m'avi~~el\I (?l'a1'1?fel'\J v11fl11m '1J1hnu 
" ' 

' d 0 ~ ~ 

n1'aVl~~el\I b'\fllel'Vl1fl1{?lel'\J'1Jel\l?ftl1'Un1'atu'Vl'aeln1'aVl~~el\I 

'\JVl'\J1Vlirm~tJ'U: elelnbb '\J'\J n1'aVl~~el\1'11neltJ mru~fl'a~~b(?l~tJl.J 1 ~ vl1n1'aVl~~el\I 61\1 bn(?l 
' " 

~uA''W'1rel~~ bb~:::15m'a~1\I 1 b~el 1 m~m6/t\lr11{?lel'\J'llel\l?tm'WmJruu111V11V1~elm'avi~~el\lt1'W 1 

(3) ~'Wn1'aelB'\J1tJ (Explain: E) 

'\JVl'\J1Vlfl'a: elDU'a1tJ bb~ :::~\1'1Jel?t'a'IJ'11n~~~ir n b~tJ'W 1111'11nm'avl1'W1tJ bb~ :::Vl1rl1(?lel'IJ'llel\I 
" ' 

iY n b~tJ'U 1~ tJ~'dl.Jtl'U el DU 'a1 tJ nuir m~ tJ'U~\l~'Ub~tJ'U 

uviu1viir m~tJ'W: el5u1 tJ ~~ '11 n m'avl1'W1 mb~::: n1'aV11r11 (?I el'\J 11 b Vl~el'WVl~el ~1\1 n'W el ~1\11 'a 

vl1'Lrn.J (Predict) 

""' .-:j ,.., r,j 

• 'Unl 'JtJ'UVlTLl1tJt-JG'IYl'iJ~ 

bi1<?i'i!1fl f11'jVJ<?1G'lrJ-:J 

?11.: WJ'l~mr1 ~ 

f,\()1'WP1'H~:~61"vrw~1'~ Vf 

il'·Hn\<I (Observe) 

"-' .. ~ ·~ 

• 'Llnl'Jtrwa-:J;iJi'tVl~rnt:-:i 

{~f,\'\)1J ~.'.lbf'H'l 1-11 
" e .cJ <V 

f'1 Fl8'UbfltJ1 tl1Jf'1'J 

1106iB-i n\:f'J':ilJ bbtl~ 

eitiu1v (Explain) 

' ,, 
• t:5u11Jt-JaVibn~1;~.u 

1lF1'.i1~Vi 'Vl1Cl1bVHY1 

lLG1~'1~Li~m'inn 

f,\ml.rna~w 

' 

l 1fJl'J'Ul VlfJ1.Jtl'Ut:-IG1f11'.i 

cl "' 
.f11'W'VI 2.1 °li'lJ\91B'W"llB-!ib'Vlf1ilf1vJ1'lJ1t1-i;l'..:itn\9l-BG'U1t1 (POE) 

~l.11: ffUm'a'atu 1Yl'Vlel\I (2554: 23) 
' 
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~ 1 f1~'Ul91 eJ'U'LJeJ\I b VlA'U Avll'U 1 CJ-61\1bf1191-eJ5'U 1 CJoLJ1\I ~ 'U ~\l?li'l.JbJl-J 1 f11 i~ l?l f111b~CJ'U{Jf1 CJ 
' 'IJ 

b viriu riv11'U 1 CJ-!K\I bf1191-ei5u 1 CJ b U'U m1~ l?l m1 b~ CJ'U {~ri 1'11 b?l'U ei ?1 tn'U m1ru bb6'1~1Vfii'm~CJ'Uvll'U1 CJ 
'IJ 'IJ 

t:-16'1 m1vi1?16'1 ei\I bbi;l11 Vfii' n b~CJ'U61\I bf1191?lm'Wm1ru~\ln~1111?1 CJ m16'1\llJeJVll?l6'teJ\lbb6'1~61\I bf1191 m1vi1?16'tel\I 

b ~eJVll f\' 1191el'U~1f16'1 tn'U f111 ru Vl~\I ~1 mr'Uii' f1b~CJ'Uel5u 1 CJ t:-16'1~1Jl~1f1f11i61\Ibf1191 bb6'1 ~ b '\J~ CJ'U b Vi CJ'U ~\I 

m1ii bbl91n~1\11~vi11\l~\lmJ1~1 n m1Vl1?16'1 mnu f\'1191 eium~v11m CJ H11 b vii'lei'Uvi~ei bbl91 n~1\I n'U ei u 1\111 

t111LJ?in11A''U'l"luf11191 eiu bb6'1~?1{1\lei\lr1m1ii~~1CJ191'U beJ\l'llmii' n b~ti'U 
'IJ 'IJ 

2.3 f11i'Vl~~eJ.:lbfliibb'U'U~eJ~1'U (small scale chemistry) 

m1 b~ti'Uie..i1'U m16'1\li'JeiLJ5u&hTm U'LI?i1'W~1r1qJ'1leJ\I m1 b~CJ'Ul'lll brii1 (Bradley, 2001) m1 

?leimb uu m1vi1?16'tei\li!'Uvr11 Vi'~ b~tJ'U 1Jl'l"luLJ1~?1um1rul911\1~1nm1LJ5u&i~~\I 1911iim~u1'U m1vi1\I 

1vimm?J1911Jl1 til91'UbeJ\I v111Vfb~ti'U1Jleiu1\li1~1191:U11 ~1?1"il'11Jlm'W 11?1ti bu'l"l1~1'1l11viti1m?Jl911iivi~~~ 

nn 6'11911 ~1\1 ., mnmmdeiii'm~ti'UbU'U~Vl1?16'tel\lbel\lbb~1 ~~v111Vlbn1?1ri11ii{~~\lbb~1tl1ri11ii{i!'U1 LJ 
dJ 'll I \I \I 'll 

1-1J'LJi~btJ'1ltl ('lllill~tJ tJlJ~~~' 2548) zj\lf111Vll?l6'teJ\lbAiibb'U'Ub~lJ,r'U tleJ'Uf111Vll?l6'teJ\IAi~~~eJ\11-1J' 
v ~ 'IJ 

b1m1 'Wf11ibl91~tiiim1vi1?16'teJ\lmn ei'\Jmruii'1l'W11?11 viru ?J11briii~1iiiLJ~mrumn bdeivi1?16'teJ\I b?l~~ 
' v 

bb~1~f1~\16'111 bAii'Vl1\lvleli~'U1 titl1 v\'11 Vf?i\lt:-16'1 b~tJ~eJ?lil11~ bb11?li;leiii bb6't~f1111 -1J'6'111 bAffi 'UD~ill ru 

m n n tJ'\I b ll'UB'Ul9111 ti~1vifo m bb6't~ii' n b~ti'Uvi1 n!Kii ~?1 nu?J11briffi1?1 til911\lvi~ei?J1?11?1i1 b .U11 LJ b~ ti\!~ ei 
'IJ 'IJ 

m1bn1?1eiu&ib Vll91 'Uein~1ndu1\l 11\lb~ti'Uiim.J mrum1'Vl1?16'teJ\lbb6'1~?111briiihJ b-Wti\l'l"leJ ~1f1\l'U'\J1~mru 
' ' ' 

ii'm~ti'Uv11oLJ'ei?Jeiu6'11vi-ru ?Jeiu b -V1iivi11'Vlti1~ ti 1Jl b-W ti\lei 81\1 b~ m vh 1 Vf ii'm~ti'U'1J11?1 lei f11?1l 'Uf111~ 

~ ~ 1~'Vll?l6'1 ei\I '1J11?1Vi' n~~ m~u1'U m1'Vl1\11'Vlmm?l 1911ei u 1\1 bb VI~~ \I 

f111Vll?l6'1 eJ\lbAii bb 'U'U uei?i1'U~\I b U'U'Vll\I b~el f1Vl~\16'hVl-r'UAibb6't~ii'm~ti'U1 'U m1tl11 LJ1 oUl 'Uf111 
'IJ 

'\Ji~ ~'Vl5fl1'\"l b Vi tJ'U b vi 1f11i'Vl1?16'1 el \I bb 'U'U ~\I b~il bb~ d~ tJ ~ b 16'111 'U f111 bl91 ~ tJlJ f11i'Vl1?16'1 el\! g'U 6't \I f11 d 

'Vll?l6'1 el\! bAi1~ f1~tu~d '1f1UeJ?i1'U6'1\l1Vfi1'1l'U1 l?l~ b~ f1~6'11?1 bb6'1 ~ tJ\16'11lJ1it16'1{1\l '\Jn fl~ tJ 1'Vl1\I bAi1\~ 
'IJ ' 6,J 

b oti'U b~ ti1nu1 'W n11'Vl1?16'1ei\l1 'W'1l'U11?1'\J n&i n11 b~tJ'U n11?lei'U'Vll\I bAii~~?11ii11ti'1J ti 1ti1 LJ1~ 'U1\I n1'1\I 

m n~'U 11?1 CJi! m~CJ'U?l1m1 tiv11f11i'Vl1?16'1ei'l1Jf Jf 1ti191'UbeJ\I bb6'1 ~ b~ ti \I~ eJeJ't.119111 ti-U' ei ti6'1\I f11i'Vll?l6'1 eJ\I 

bb 'U'U uei?i1'U tJ '11 i b1mbb6'1~nel1 Vf bfll?l"U el\! b~ ti-Wei tJ n-J 1'\J f1 &i B f1~1 tJ (1"1fl1 ii tu \91'U 191 tJl'U'Uvl' 2554) 
' 

i( f1 b~ tJ'Uiiri11ii ?l'U 1 ~ l 'U f111 b~ tJ'U bfln bb6't ~n~ \911 'U f11ie:J'U1' n~?l Jll'\"l bb 1 (?] ~ e:iiiii1 f1~'U n 11VlV16't e:i \I 
' 

?llill 'Hlvl1J11Jle:i U 1\1~1 tJ V11 tJ bb6'1 ~1 ?! V)m oUb 'Ll f11i'VlV16't eJ\l?!lilli '1Vl1b~~1n~l191'\J 1~"i\'11''U (Zakaria, 

Latip, and Tantayanon, 2012) 
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2.3.1 n1'a'Vl\9l~eJ.:ibflijbb'UUfie:i~TU (Small Scale Chemistry) fie:ie:i~h 

m-avi~fleNbAi'.ibb uu~B?i1'W AB fl1'afl~tl~mrum-a 1 ir111bAffi Vf m.11 v;i~~'\J~UB cimfl 1 'W 
" 

fl11Vl~flB.:!bb~W.:i1Vft:-Jflfl11Vl~flB'l~~ b~Clfll1 microscale Vl~B small scale chemistry zj'lbU'W 

m~u1'Um1~r11m1t1~fl~1~.:ibn~~B:1..J ilB.:in'Um1Lfi~:1..Jfl.fl11~ 1~CJ 1 ir111LAii1 'Wtl~mruuBCJ Lb~ 

ir.:iA.:iiiA ru.fl 1~ iim1:1..J b ~ CJ'l\911 'l bbfl ~ bb~'Wcl1 ?111111flfl~U~:l..J1f11?111 bAii~H1~5.:i~B CJfl ~ 80-90 
' 

(Kelly and Finlayson, 2002) 

~1~11ru B~:l..Jfl1tu'<il'W'W''Wvi (2546) fl~111111 LAii~B?i1mll'Wb~B.:i1 Vl~zj.:i'<il~bll~ le:im?I 
' OJ 

1 Vfvi flA'W 1~ b ~'Wbbfl ~i1:1..Jir?1 ~.:i 1 m :U.:itl~m ru bbfl~A ru.fl1~ ?11m1t1'11~ b~CJ'W b -V1?i m1vi~flB.:ivi1.:i LA ii 
'I , 'U 'U 

l'VICJ1f11?1\91~ Bfl~'lU1~VliJ~bbfl~UflB~JlCJ 1~CJil~tlbb'\J'\J'\ll~fl 1 AB 

(1) 1 i?l11bAiltJBCJfl'lti.:i 1 1 'W 1000 'IJB'ltl~mrumin'W1 'WUDU~fl11bAil~11 tJ 

(2) b tJ ~ CJ'W'<il1fl m11 i bA~B'l bbtl1111 b U'WBU mru~'Vl1~1 CJ~fll?I ~fl 
' 

(3) Ltl'Wm1i1.:ibfl\9lbtl~CJrnViCJu~1B~1.:i~1.:i 1 ~Vlmfl'VlmCJ1~B~1.:i11~b~1 bbfl~'Vl11~ 

~.:ir11mvJr1 fiB bbn?I 'IJB'lb'Vlfl1 bbfl~'IJB'lbb~.:i 
Singh, M.M, Szanfran, Z and Pike, R.M. (1999) fl~11H11 Michroscale 

chem is try b U'Wtl nu~ fl11~ b tJ'Wjj\911fl'\J ~'l bb 1 ~~ B:l..J tl B'l fl'W fl11bfl~:l..Jfl.fl11 ~ ~1'W fl W'\J1'W m 11 i 
bA ~B'l bb tl1'1J'W 1 ~ b~ fl bbfl ~fl ~tl~:l..J1rum11 .Ur111bAiJzj.:i~1CJ~Bfl11~ ~ fl11 bb~ iJ 'l ?111111fle:JG'\J1CJ'\If~flfl11 

V11'lbAiJ1~ 

fl11Vl~fleNbb'U'U1:1..J1A1?1bflfl (Microscale laboratory u1.:iA#.:im'<ilb~CJfll1 fl11Vl~fleN 

bb '\JU ~e:i?f 1'W (Small-scale experiment) Ae:im1'¥11m1Vl~fle:J'l 1 Vfil'll'W1~ b~ flfl'l'<il1flfl11Vl~fle:J'l 1 'W 

1~urnn11~CJm1vi~fle:J'lbLurnn1'<il~ 1.Ur111tl~:1..J1rumfl 1-lf~tlmru'llm~ 1m1]LL~LviA'LlA1:1..J 1A1?1Lflfl'<il~ 

1 oif ?111tJ~m rutJ €J CJ bbfl~iJ fl11~~ bb tJ fl 'le:JU mru~1 m Vl b '\1!111~?1:1..J'\ll11 Vlfl ~~11oif~1CJ611'Vl~'U?l11 bAiJfl 'l 
' 

1~:1..J 1 fl fl~ rJ'W \9111 CJ ii A11:1..JUfl €l ~Ji' CJ 611'\ll~'\J A 1-€11'<ii11 ~ 'U' flb~ CJ 'Wbbfl ~,J fl~ fl~1:1..J 1 fl~'W (Yi~ fl~ 
" 

e:i~il, 2544) 
" 

fl~111~CJ?11tlm1vi~fle:i.:i LAil Lb uu ~e:i?f 1'W b tl'Wm1vi~fle:i.:i~iim11 -Ur111LAiitl~mruue:i CJ 
' 

e:i tJ m ru'IJ'W 1 ~ b~ fl fl 11vi ~fl e:i .:i r11:1..J 11m n ~~'LI 1~ e:i ~ 1.:i 11 ~ b ~1 il'll e:i .:i b~ CJ bn ~~'WU e:i CJ ~ .:i b ti 'LI 
' 
m~u1'Um1~btJ'Wjj\911nu~.:ibb1~~e:i:1..J ue:i.:in'Wm1Ln~:1..Jfl.fl11~1~~ 

2.3.2 "li'e:i ~"Uel.:! n1"Jb "lin1<J'Vl\91~€J.:j bl"lii bb 'U'U ~el~'J'U 

2.3.2.1 tl1~'Vlir~~11oif~1CJ (Cost) bAil~e:i?i1'U?11mw'Vl11 Vf~11oif~1CJG11Vl-rur111LAilbbfi~ 

1 ?I~ ~tl mrun :l..J~'l ?111~ 1'l 1 ~1oif'¥11m1:1..J ?I~ €11~'\ll~'l fl11Vl ~fl e:i.:i b-li'W J1~1 oif ~1.:i bf! ~e:i.:i bbtl1 
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·1ru~ 

2.3.2.2 i1m1l.ltJriei~Ji'CJ (Safety) b~B·r'il1ni1m11-b'?t1"Hfli1tJ~mruiJeiCJ ~ .. rn~1eim?t 

n11bfl~ 1 ~1 VI~ 1~ biJ~bbrl~n11'1J1~b~'U1'Wbb 1~1~ bbrl~rl~n11bfl~l.Jrl.f111~~i]~ei~~bb1~~Bl.J bdei 1-b' 
' 

?111 bflnu~mruiJ ei CJ '1J ei~ b~ CJ~~ bn~~'UiJei CJ 

2.3.2.3 tJ1~V1~~nm (Quickly) vh1~tJ1~V1~~b1mvY~1'W~'Wn11b\91~CJl.l?l11 b\91~CJl.l 

eiumru ~'U\91ei'Um1'Vl~riei~ bbri~mTv11m1l.J?t~m~Vl~~b?t~"iJ~'Um1'Vl~riei~ (~v1n,; ei~n, 2544) ' ~ 

'WBn"il1n-d~umru~1~ \ m '1lbU'W~m?t~n V111~vi'11 tJ ?11m111tl1n~'Um1.ub mJ1~ b U'W 

BU n J rutJ n ~ 511l.J ~11 'W~ ei~tJ nu~ n1 J'Vl1~"il rl~l l 'Vl CJ 1 ~1 bl.J brl nri bbrl ~ n1 Jl ~CJ 'V11~~1'U'U1 b 'U , d:.J , , 

b'Vlflfofa~ bde:iul)u~m1bflnbb'IJ'U~tici1'U vY~~1CJ ~n tJrie:i~Ji'CJ bbr1~~n~1?1~~1n ?11m111tl1m1'1! 

'Vl~riti~F11'1Jrin'Um1?tti'W 1 'W~ti~b~CJ'W ~ b~CJ'W?t1mJtiv\'1mJ'Vl~rie:i~ ~~til.l~~bn\91 bbri~?t1tJt:-.1ri v\'11 ~ 
~ ~ ' 

boLJ11"iJ 1 'Wl'1J1bflnti~1~~ n~~ bbrl~"iJ1nm1~~tJmru~1~ 11 mfli1bb'IJ'IJ~eJci1'Un'lJ'U1~b~n 1~bb\91n~1CJ 

~~B1"il'Vl~rie:i~1'Wmfl?l'W1l.l1~Bn~1CJ (~1~11ru ~~l.ln1tlJ"il'Wi1'WVi, 2546) 

Microspatula 
f!~~~ 
\._,, /.' 

lid 1 
lid 2 

Silicone tube 

Gtassraci·-~ 
/\ 

Gas-collecting tube 
,-. -- ·-· -·--~·---·---··-~-·--"'!'\ 
• v 

Microburner Combustion tube 
COURTESY Of JCHN BRA)l E 

Microstand 

IS 
Zinc coil 

I 
I 

Straw // 
electrode,/ 

i/ 
Prop(t~~es ,// 

~tu~/' 
~~-.,.. _L ·- m 
~ Coiled 

Compass electrode 

~111: Zakaria et.al. (2012: 510) 
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mJb~EJ'W~bb'U'U~'Ub6'11~ 5 ~'W ~-:i1'Wn"ilmJ11V16ln1 'W~'W'11J1'<\lbb'1~l°l'WV11 bb'1~n"ilmJ11v\'1mEJ-~-:ibrn1-
" 

BTI'U1EJ1 'W~'W'IJmE.Jm111~ b ~ei 1 ~,r n b~EJ'W6'11l11Jti b~EJ'W~ll b 'Wll~ b~B'l6'111~'1 bflii"il1n n1J'Vl~'1ei-:iJ\'1 EJ 
'IJ 'IJ ' 

" 
bb61 ~ n1JB'W-r n~?ln 1'\'\l bb 1 ~~ ei11m n;n'W 

' 

2.4 11b'L!11~ (Concept) 

2.4.1 11 b 'L!11~'Vl1.:J1'VIV1fl1~\W~ 

'LI' n n1JPirn~1Vf611E.Jvl1'W 1J\'1~fl11lJV!lJ1 El 'IJ B'l ll b 'Wll ~ 'Vl 1'll'VlEl1~1 M11 (Scientific 

" conception) ~-:iiJ 

m'l bmVt1'V'l'U61~ (2542; B'1-:i~-:i'<\11n riru~ei'WmJl!n1J~\9ll'W1n1J6'1B'Wbb'1~~~~16'1~mJ 
'IJ ' ' 

6'1B'Wl'VlE.!1~16'1~{ 2525) hi1 ~fl11lJV!l11EJ'IJB'lA1l1 11 fo11~'Vl1'll'VlE.11~16'1~111V1mEJ~'l ri1111f1~ 

m111 b .LJ'11 "il~6'1Jtl b~E.11n'U~-:i1~~-:iVt~-:ieJ'mn~'<\11 nmJ~.:i bn ~ Vl~B n1J 1JJ-rmh~6'1'U n1JtUb~EJ1 n'U~.:J 
' 

,r'UV1~m~ei.:iir'WV1611EJ 1 bb'U'U bb~11 oif~ru~ n~ru~'/Jei.:i~.:i,r'UV1~m~ei.:iirm11mtlwmm.LJ'1~1E.Jn'U1 ~ 
b U'WoLJB6'1Jtl V1~eif11~1n~ri1111'1Jei-:i~.:i 1~~.:iVt~.:i 11 b 'Wll~VJ1-:iiVJmm?1~1ii~.:iJ~~'U~ b U'UJtl5JJlJ bb'1~ 

' 'IJ 

'U1lJ5JJlJ iim111bzjei111EJ.:i~m~ei.:in'W 11 fo11~V1~.:i 1 en'<\I bn~m"il1nmJtl1ben11 b 'Wll~VtmEJ 1 ei81.:i 

m~ll~'Ut5n'WB81.:iii b Vl~~'1 lJ b 'WlJ~'Vl1.:Jl'VlEJ1m6'1~1~1'W 1 Vtruii~ n~ru~b U'U6'11n'1 lJ b 'UlJ~l'VlE.11~16'1~1 ' ., 

'IJB.:if1111 111'W11~iVJEJ1~16'1~11111 VtmEJ~.:i m1m.LJ'1h~"ii~6'11tJJ1116ln~ru~~611r1111 1 'IJB.:i1~~ 

Vl~BtJJ1 n!J n1JtUB 81.:i1~ei 81-:JVl~.:J bb'1 ~ bb~'1 ~fl'W €!1'<\l"il ~iill b 'UlJ~ ~eJ~.:J 1~~.:JVl~.:J bb~ n~1.:J rl'Un1~ 

~'Uei8n'UtJJ~6'1'UmJrubb'1~1~m1~'1Jei.:i'Uriri'1ir'U 61 
\J , " I 

1JJruVi'V'l1 JBmb J.:il°l1 (2540) 1m ~m111V1m EJ'IJei.:i111'Ll11~iVJEJ1m?1~1'1Jei.:i1!m~EJ'W 

(children's science) 1111 bU'Wm111f1m~'W'IJB.:JUm~EJ'U~ii~ei fan~b 'IJ1eJ8bb'1~~Bfl11lJV!l11EJ'IJeJ.:J 
'IJ 

F11~'LI'm~EJ'W 1Jlfonei'W~um~EJ'W"il~ 1Ji'b~EJ'WTI'Vlm~1?1~fl 'W 1 J.:Jb~EJ'W 111 'W11~iVJEJ1m?1~1'1Jei.:i'LI'm~EJ'W 
'IJ 

1Jl~\9ll'W1~'W'IJru~~irm~EJ'W'V'lEJ1EJ111~~~ b .LJ'11~1'1 n~ b 'IJ1en~E.Jei8,r'W 1~E.Jen~E.JtJJ~6'1'U mJrum111-rl 'W 
'IJ 'IJ 

-d1m?1~11?1~1.:iriru~1'1Jei.:itlJ~?f'tm1Jru 1 ~m111V1mEJ~ei~i~mnmEJ bb~nii'U1.:i111 'W11~ LJ1.:iTtJ bb'U'U 
' 'IJ 

~en~edei'Wei8mEJ 1 'W ~tr.:i hl?11mw~~t11mtlJ.:Jbb~.:i 1 ~iiriru~1tl1~ 
'IJ ' ' 



·. 

21 

:wvi11'Vlcn6i'CJ~1"1lvfou11m611'11 (2537; eJ'1-:iB.:i'11n m~'1'W1 blknfi, 2546) 1Jlmh1t:i-:i 

:w 1tJ:w~'Vl1-:Jl'VlCJ11'11~\?1{11 vim CJt:i-:i fl11:WA~ m1m .LJ1 h b~ CJ1nu~-:i1~~-:ivi~.:ivi~m~eM 1~ b~ei-:ivi~,:iij 

~-:i1~~u~ b ut.1~L.Ju11mb~~t.11:wu11:w ~.:ibn~'11nm1i1-:i bfl\?lVl~ei 1~-ruu1~~u m1ru'1 m~ei-:iJt.1 1 '1t.1 

bn~ m1{u~bb~ ~~1L.J b llt.1ri11:w b -ll11 '1 b~ei.:i,!tJ61JeN bb~~~u riri~ 
'U ' ' 

vimCJ~.:i m1:wf1~ m1:wb -ll1 h~'1~~1u~ n't1ru~~1~~ 1 61Jei.:i~.:i1~~.:ivi~.:ivi~eitJ11n!)m1ruei~1.:i1~ 

B ~1-:JVl~.:J~ bn~'11 flfl11i1.:J bfl\?lVl~B 1~{'UU1~~'U fl11ru b~CJ1 fl'U~-:JJ'Ubb~1't11:w1U1~:wd~ b -1J1~1CJflt.I1 Vl 

b llt.1-llei~1L.Jvi~eif11'<il 1 fl~ri11:w~i1m1:w b zjei:w 1CJ.:i ~ m ~ei.:i flt.I 
' 

2.4.2 :W b 'U:W~fl~1~bfl~B'U 

1"1111 Alternative conception b'W.f11't111'VlCJ 1.ffzjm~CJmb\?lfl~1.:Jfl'UBBfl1Ub-dtJ :w1t.1:w~ 

rim~bfl~B'W :w1tJ:W~'Vl1.:Jb~Bfl Vl~B bb'U1A~fl~1~bfl~el'U ~1Vl{'U.:J11.Jl~CJd~1~CJ1-fff11--J1 ":wfo:w~ 
'U 

rim~bri~ei1..1" 11nm1~n'l11vimCJvi1t.11m Vfri11:wvi:wiCJ61Jei.:i :w fo:w~rim~bri~eit.1 ~.:id 

111ruv1vn 1ei~bb 1.:ifi'1 (2540) 1m Vfri11:wvimCJ61Jei-:i:w 11..1:w~rim~ bri~ei1..111b u1..1f11\?leiu 

vi~eif11ei6u1 CJ~ bb~~.:it:i.:im1:wf1~ ri11:w b -U1 h~1~ti n \9lei.:i ri~mri~ei i1u~1..1 1~n b Vl\?lt:H=n Yl CJ-:i'Wei 
'U ' ' 

~CJCJLJl9i l'l~b~CJ-:!Vl1 (2554; eJ1.:JB.:J'11fl Gussarsky and Gorodetsky, 1990) 1mVf 

ri11:wvi:w1CJ:w 11..1:w~rim~bfl~ei1..111 b tl1..1m~u11..1m1b zjei:w 1CJ.:i:w 11..1:w~'11ntJ1~~u m1ru'11..1~1 \?1U1~'<il'Tfo 

vi~m zjei:w 1CJ.:i b deivi11'VlCJ11"11~\?l'h~eNvi~.:iflub d eivi1~ri~1~ bfl~ ei1..1'11nBn b~eNVl~-:i v111 Vf bn~m1 
ci1CJ'VlB~~~~'Wm~'11n b deiV11vi~.:i 1 tJ~.:iBn b deiV11vi~.:i 

'WiJm fl'UCJ~fl1~'1tl (2557; Griffiths and Thomey,1988) 1mVfm1:wvi:wiCJH11 

:w 11..1:w ~fl~ 1 ~ bfl~ B'U AB bb 1..11 fl11:W A ~~11 m~ CJ'U~~1.:J;'U J\'1 CJ ~111 m~ CJ'Ub B.:J ; .:i bn ~ '11flbb1..11 A~ 

~1.:iviiJ1vi~ei~neitj nei1..1 (Preconceptions) zj,:im1:wf1~dm'1'1~ bb\?l n~1.:i1 LJ'11nm1:wf1~61JeN 
11n1'VlCJ1~1~\?l{b~CJi'Ub~.:JU\?lfl~1.:J1LJbtlCJ.:J'U1.:J~11.J Vl~B~B~fl~B.:Jfl'UU'U1fl11:WA~61JE.:J 
11 fll'Vl CJ11'11~\?l { fl11:WA~fl~ 1~ bfl~B'U'1~bn~;'U1~\9l B.:J 1off1~ CJ~ b 1 ~1 CJ11'U11.J t11 bn ~;'Ubb~1'1 ~ b ll'U 

m1:wf1~~~ ~'Wm~'1 ~fl.:JE ~1 tJ B fl'U11.J~ CJ1 fl'1~bbm61J b L.J~ CJ'U bb L.J~-:i 
'U 

"' Q. .C:.. d I .:::I I 

~'Ub '1J.:JV11Bbb\?l fl\?11.:J b 'W CJ.:J'U1.:J~11.J 

2.4.3 :wh1:w~~~ 

11nm1~n't11VlmCJvi11..11m Vfm1:wvimCJ"1lm:w 11..1:w~~~ (Misconception) ~.:id 
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?f:ub"il~tl ~"a~~m'.i (2554; eJ1\lB\l"il1fl Lawson and Thompson, 1988) 1Vffl11~'VlmCJ 

11 ~ lw~~e:J{;l 'VlmCJ~..:i m1~i~1lJ?f el{;lfl'1 eNtl'UVltJ195'Vl1elfl11~ib ;a..:i1VJCJ1\311?1~{ zj..:i 1~m"il1fl1111il 

tJ1~?1'U 1111ru ~1 CJ ~'Ubel .:i bbG'I ~~ 1 'W~~ e:J {;lt1'1{;1CJ611'Wm fl"il ~ b U'Ubb 'W1 ?i{;l~ e:J {;ll"l m {;l~tl' fl b~ CJ 'Wil el~ ~..:i bb 11 'W 
'IJ 

mfl~"il~ bu~ CJ'Ubb uG'l..:ibbm '1J 1~ 

?f~b"il~tl el"a~~G'IU (2554; eJ1\lB\l"il1fl Griffiths, et al. 1988) 1Vffl11~'VlmCJH11 
' 

~ 1 'W~ ~ e:J {;l Vl~ 1 CJ ~..:i bb 'W1 fl11~?i {;lb~ .:i~ 1 'W~ ~~il m1~Vl~1mb~fl1911..:i n'W 1tJ"il1fl m 1~'\11~1 CJ'1l el'! 

tl'fl1VJmm?t~{zj..:ib u'W~CJel~-r'U n'W 1{;1CJ~11 tJ bbG'I~ CJ1fl~"il~ bbm '1J 1 Vf tifl~el..:i 

biieJVl1 

'IJ 

bu~ CJ'W bb tJ G'l\l'1l el\l b~'W m1'VJ'1J el .:i f111m oLJ'~oLJ'W'1lel ..:i?t 111911-:i 1 fl\l~ bbG'I ~ 

bU'Wb~'Wm..:i bb?f{;l..:i11 ru m1~?1~~G'l1lJjj1111btJ~CJmbtJG'l..:i1{;1 1 bfl{;l;'W 

tJ~mrubvi1n'W 

4. ru J111~?1~{;1G'I f111~boLJ'~oLJ''W'1Jel.:i?111~jjbG'l'1J~~u1~~VJBbvi1n'W"il~il 
' 

ti ti I V 

fl11~b '1J~'1J'WbV11fl'W 

" 5. ru m1~?f~{;lG'I "il~V'ltJbYlCJ..:ie-i~~.ilru6Vi'bvi1tl''W 
' 

6. ru i1T"J~?f~~G'I 8~111111bn{;l'\J~n~m 1 tJ-LJ'1..:i'Vli11"il~b~~;'Wb~elCJ 1 

7. 'Vl1fl b tJ~ CJ'Wm1~ b oLJ'~oLJ'W'1lel'l?1111 w111~?f~{;lG'l'Vl1eltJ~mm'1lel\l bbtl?f 
' 

1'W1~'U'U"il~v'h1 Vf ri1fl..:i~'1Jel\l?f~{;lG'I bu~ CJ'W 1 u 
' 

' " 
8. ri1fl..:JVJ?f~{;lG'ljjri1mflbb?f(;l..:JrJ1"il~V'l'Ue-i~~.ilru6Vi'mflflrJ1?111~..:i~'W 

' 
9. ri1fl..:i~?f~{;lG'l blJ;'Wel~ nuelru'VliliJ 

'I 'U 'I 'U 
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bifov11 :u b 'U:U~fllil1~ bfl~el'U 
thl~V~lJi:.J'1~eJi111~ 1 o. fl1"H~:w6111tJ1~fleJu1mrn'Wfl'1'l1 'LitJ5n~v1~ern1 'Un11~61:W~'1v11 

'V • 

61:W~'1 1 WeJeJeJ'U'VeJ'l6111tJ1~ fleJui!'U bb~fl \911bb'1~1 tJ b ~:wtJ~m ru'1JeJ'l 1eJffEl'U 1 VI 
' ,, 

:wlfl;'U 1 'LI1~UU 

11. '1~tJ~m ~1'Vl~m ~:Wfl11:WrPl'U'1JeJ'l1~UU"il ~ 1J.ii1i:.J'1 fl WYIU'Vl~e:Jfl11 

bU~V'UbbU'1'l1~ 1 ~e:im1~61:W~'1 

12. m1b ~:wm1mi'LI'VeJ'l6111V1~m U'U m1 b ~:we:iru'Vlnm Vl61'l;ff 'LI 'Vl~eJv11 
' 'V 'V ,, 

1 VltJ5n~m~1bu'U1 tJ-U'1'l'VltJ1 bb'1~tJ~mru'1Je:i'li:.J~~fi ru.vi:w1fl;'U 

~:u1: bm1b1P1 hb~'U (2550); "111~1 ~1vA1~1 (2551) 

2.6 ~1b 'Vl~~v111~bn~:u1 u:u~~rn1~ bfl~e:iu1 ubile:i'Vl11°!11bflij • 
'1J1~1 ~1VA1m (2551) 1~fl~1111 :wfo:w~1mdeJ'Vl1l'1J1bfli1i1fl11:w~1ri'qimfl~"il~·1hv1VI 

'!!fl b1V'U611:W11tie:JTIU1v616111 bb'1 ~ fl11 b tJ ~ v 'LI bb tJ '1'l'VeJ'l616111 bb'1~611:W 11titl1:W t 'U:W ~,!'Um 1 m 'LI 

~1~tJ1~~11'LI 1~ bb~U1'lfl~'l:w t 'U:W~1 'Ub deJ'Vl1l"111bfllJeJ1"il"il~V1fl~1'Vl-ru'Llrn1vmb'1~vJ11 Vl'Llfl b1v'Lii1 

:wt 'U:W~Yl1'lb~eJfl~fl'11~ bfl~eJ'U ~'ldm"il b ~eJ'l:w1"il1fl611b'Vl~rPl'l~eJ1 u-d 
' 

(1) i11't~n~1m'U~l~U1~~11'LI1'LIU~UYl'VeJ'llYI81Pl1~~{ b ~e:J'l"il1fll'1J1 bfllJ b tJ1vrn 'Vli1B'UB fl 

m't:l1'Vl~'l~,r fl b1 v'LI \9l e:i'l b1 v 'LI~ b ~:w b~:w'U eJ fl b 'Vltfo "il1 fli11't:l1~ ~m eJ'l 1.ut'U~1~u1~~ 11'U i1 A1 ~~1i1 
'V 

:w 1fl:W1 v~'Ll fll YI v 1Pl161 ~ { bb'1 ~'!!fl bfli11 .if bb~ '!!fl b1 V'U hJ A'U bf! v bb'1~1JJ b .LJ 11 "il A1~~"1ii'LI b "li'LI A 111 • 
eJ'Ui11fl~1 m 'LI~1~tJ1~ ~11'LI fi e:i'VeJ'l bb ~'l~i1'V'LI1~ b~ fl bb~ ~1:w11ti:we:i'l b ~'LI bb~1 'LI1"1J1 bfli1eJ'Un1 fl • • 
'Vlmvfi'l eJ~~e:i:w 1eJeJeJ'U 'Vl~eJ t:wb'1fl'1 ~'l"il~b~'U11m't:l1m .ifv'h 1 Vl'!!rn~vmb u'1fl11:w'Vlmv~bb~fl~1'l • 
tl'U 

'Vl~e:i\9111.111 vHh eJ1"ilv111 VI'!! rn1v'LI:w t 'U:W~Yl1'lb~eJ rn~e:i'l 1 vHh bfliJ 'Vl~e:i~1'11' rn~v'LI 1~ b .U11 "il b~eJ'l 

tJ~mru~:w~wfo'1~B ~ 11 fl11 bn~tJ5n~v1 bfllJ:wl ne:i'U '!!fl b1V'UeJ1"il1JJ b .LJ11 "iJ:w t 'U:W~~~U~eJ'Umfl;ff 'U 

b "li'LI b~e:i'l~:w~mfli1 b u'U\9l'W • 
(3) m1tJw ~ fl~1~vm~vm1:w~1bb'1~1'11 b'1'1J 1 'LIU1'lfl#'l'l!rn1V'U"il~1.if fl11:w~11 'Um1 bbITT"ilYI~ 

UqJ'Vl1t~v1~~"il11ru1m1:wtb ~'lYl~'t:tffl~v bu~1~ 1 'Ub de:im b~e:J'lfl11~'1~:Wfl11 
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(4) m':!Yillsff e:it1'1Je:i-:i:w h.i:w ~~fl~1t.Jnt1 t.J n\911 e:i ~1wdt1 11rn~t.J'Ub .U1 h11?1:w~mflii b Vlile:it1nll 
' 

?f:w ~61'VI1-:i m t.J .n l°lf'l 1 t11"1J1Yl ~ n?l 11 rn ~ t.J 'U~-:i fi ~11 ?f :w~ 61 bflii b U'U ?f :W ~ 61~Vl t.J ~~ -:i bb61 ~?f e:i-:i.U1-:i'1J e:i-:i 
'I 'I , 'I 

m.,1 m'Jii?t:wu~ b Vlile:it1 nt1V1 m.h~ m'J 
' 

(5) m'J'IJ'J~ t.J n~1-U:w 1'W:w~~1~ b Vlm~?f:Wnllll~ll'VI b-d'U 11rn~t.Jt1iim1:w~ b~ t.J1 n'l.IA11:wii~1'1Je:i-:i 
' 'U 

' 
b Vle:ie:i'B'l.11 t.J°lf'l~~ m'J:W'tle:i-:im~ bb61 ~ b ll?f'Vlmt.J'Vl~'l3~ bb~61~'Vl~'l3~iifl11:wt.J1n~1 t.J bb~ n~1-:int1 Vll n:we:i-:i 

B n~:w'Vl~-:i ni1~ ~ t11'Vl~13~Vl~ e:i 1:w b~61 b ~ e:i e:i'B'l.11t.J'IJ11n!Jni1cl b llt1ni1?1~Vi'mrn11:w"1J1 ~ 

1V1t.J1P11?1~{~111m~61Vl~e:i 'Vl~'l3~Vl~-:i 1 ii.Ue:i~1n~ ~-:it!mde:i1m:wb~61Vl~e:i'Vl~'l3~~1-:i 11t1m1 

b~t.Jt1m'J~-:il'i'e:i-:ir11t1-:i5-:i.Ue:i~1n~t!t1~1 t.J m11-Ur11~y.j'Vl'1 t1 bb~61 ~1"1l1m"il bb\?1 n~1-:int1 bbJJ"il~ b limb t11fi~ 

b~t.J1nt1nm:w m11 ir11~V'lvl~bb\?1n~1-:in'U'dbe:i-:iv111Vf11rn~t.J'Ubn~:w1t1:w~A611~bfl~e:it11~ 1~mu°lf'l1~ 

1"1l1 bAiinllYl~ n?l'l.11-:ifl~-:im"il 1 ir11~V'lv1 bb\?1 n~1-:int1 ?11 b Vl\?1Vl~-:i~v111 Vf11rn~t.Jt1ii:w1 t1:w~Am~ bfl~e:i'U 
' 

'l.11-:Jfl~ -:i e:i1"ilv111Vf11 n b~t.J'Uii bb t11 fi~Am~ bfl~e:i'U e:i ~1-:i 1~~-:i1 "il b °lf'l11 ~11nb~t.J'U1~1~r11t1-:i5-:i'Vl~e:i 
Yl"il11ru1.Ue:i~ 1 n~'LJ e:i-:i m'J 1 ie:ii.J:w1e:i'IJ~t.J 

' ' 
(7) 11 rn~ t.J t11~?f l:W 1 'Jtit1 n.n l°lf'l 1t11~ ~ll "il 61.fl lfl b ti e:i-:i"iJ1 n1 "Ill bflii b U'Ul"lll~ ~e:i'U .LJ 1-:J b tJ 'U 

' 
t11:wf51'J:w hJ ?11:w11ti:we:i-:i b ~t1LJ11 n!J m1cl1t11~~ll~61.n lfl ~-:iv111 Vf11 rn~ t.Jt1~1t11mlJii:w1 t1:w ~ .. 
'Vl1-:Jb61e:in 

(8) :w 1 t1:w~1 t1Vl11-:i~e:i b~t.Jt11~~1-:inll:w 1 t1:w~~ t.Je:i:w-rll'1Je:i-:i11n1'Vlt.J1P1l?f \?1~ 'UD"il"ilU'U ~-:it!mde:i 
' 

11rn~t.Jt1B1t1Vl11-:i~m~t.Jt1t!t1"il~bn~:w 1 t1:w~~flm~ bfl~e:i'U 1~ 

m1LJ-rll:w 1 t1:w~V11-:i b~ e:in~fl611~ bfl~ €l'U'1Je:i-:i11rn~ t.J'U1Vi'bU'U:W1t1:w~1'VIt.J1P1l?f ~{~~ n~-:i b U'U 

~-:i~ 1bU'Ue:i~1-:J ~ ~ ~-:i fl1bU'U~iill'Vlll1V1611rl' ru 1t1ni1-d1ti1Vf11 n b~ timn~ fl11:w b .LJ1h:w1 t1:w ~ 
'U 'U ... 

l'VI ti1P11?1~{ 1~ t.J ~~ n"il m1:w~ b 1!t11 Vf 'IJ n b~tim .LJ11"il:w1t1:w~l'Vlt.J1P1l?f \?1 {e:i ~1-:i bb VJ"il~-:i 1~1-db 11 ti~ 
.Um Vi"il "il~ -:i'Vl~e:ir11 ~V'lVi b vht!t1 fl11t11 b?f'U e:i~-:i~?te:i~fl~ e:i-:i nll:fi1~LJ1~~11t1 (u ~m.n1cl Vl:w,,il'VI e:i-:i ... 
bb61~'U~:W61 ~\?11fl:W, 2548; a1-:iB-:i"il1n "ll1\?1~ ~1tir11m, 2551) t1e:in"il1ni1'A11Pin'l31bb61~lbfl11~~ 

b tr €l'Vl1l"ll1 bflW t1:w1 \?11~1t1m1b~tJ'U~e:i~1~~ n~-:i b ~e:i~"il~'Vl11ll11iiir1.Ue:i'Vl~ e:i b tr e:i'Vl11~~'\J n b~ t.J'U l'i' e:i-:i 
"' 'U 

'Vl'Jlll'Vl~e:iiim1:w~~'U~1t1mne:imb61~"il~ b~t.J'Ub tre:im 1~~ e:i 1 LJ fl'Jfl1'J 1-U~e:im1 b~tJ'U~~v111 Vf11n b~tJ'U 
'll d.3 'll 'll 

?f1m'Jm zje:i:w 1ti-:i bb t11fi~~ b U'U'U1:Wf5'J'J:W 1 Vii~ b"il'Um n~'U b-d'U m11 i1LJ.n ly.j bb ll'l.1~161€1-:J b ut11'i't1 
'U 

.ff-:i-d b ~e:i 1 Vf 'IJ n b~ ti'U ?11:w 11ti e:i 'Bll 1 ti ?1?111 bb61 ~ n11 b LJ ~ti 'U bb LJ 61-:J?f ?1111~ .ff-:i1'U'J~~ll:W'Vl.n1 fl 'J~ ~ ll 
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.QQ.#dct ii 

2. 7 .:i1'U'J"iltl'Vlbmr;i"Uei.:i 

2. 7 .1 .:i1'U1~a~ b~a1ilei.:inumca~~nTn~a'U~~1a1n~mmcab~V'U~bb uu~u b~1:: s i'W 
'IJ ~ 'IJ 

u1"1l tJ:::?tr\'1 (2555) 1~~~ m"ab~tJ'U~bb uu~rn?t1:::v11.:iivi tJ1mmwfl 'Wi"1J1 bfln b~eM 
' 'IJ 

eJ\91"51n1'Hn~tJ5n~tJ1 bfln 'il1'U1'U 12 fl1u b~ei~~'U1~'1~:u~viBvi1.:im"5 b~tJ'UVln'\;:::m"5fi~b 611\1 

i'Y'l1n,; "lleJ\lum~tJ'W.frm'JutJ:u~n'\;1tJ~ s 1 "5\lb~tJ'W~:Um\11vimfl:u'Y'lu111!m~tJ'Wn~'1~:u~vi~vi1\lm"5 
b~ tJ'W ?f \l~'Ub 'Y'l"51 :::15m "5~u b?f 1::: b lJ 'U m:::u1'U n1"5~ b iJ 'U~~'U1 n1"5'Vl1 \l?f ~iJ flHU1"lleJ\lu m~tJ'U b U'U v v v 

15m"5?tei'Uvtl Vi'~ b~tJ'Unuviu1vi611~ru 1 'Wm:::u1'Um"5b~tJ'W~mn~?t~ nfl11:u?t1m"5ti 1 'W m"5 bbniJruV11 
\I v 'U , v 

b ~:um n~'U nfl11:u b .LJ111U 1 'W b d eiV11 1~'1\l:WmJ nu~lil~ \I b~ tJ'U~ m:::u1'U m"5v\'1\11'U b lJ'U n~:u ~-or n d..J 'U , 'U 

-d1 m Vl~flzj\ln'Ubb'1:::n'U nfl11:unw~fl~fl~'U 1 'Un1"5vl1tlli)n";i"j:!J nm1:ufi~?f~1\l?f"j"jri \91'1fl~lil'U?f~1\I 

fl11:U ~~~1 tJ \?l'Ub fl\I bb'1 :::nfl::: bb 'U'UVl n'\;::: n1";i A~ b :a \ll 'Y'l 1 n,;VIG'1\I b~ tJ 'U?f \I n11 n fl'U b~ tJ'U b "ti'U b~ tJ1 n'U v v 

b l1ei\llU1n 1 'Ubbl'i'1:::~'U\?1fl'U"llfl\ltlliln"5"5:Un1";ib~tJ'U~bb uu~u b?f1:::Vl1fl11:U~"IJU~ SE IU:::n~'Ul?ifl'U"llfl\I 
v v 

Vl'U?fil tJ bb'1::: 1.U~ei'W11?1 m"5:U'Vl1\ln1"5~n'\;1U"5::neium"5 b~tJ'U 1 ir\'1m:u~\I b?f~:Un1"5A~ ~\1~'11 Vf bn ~ 

fl11:u?f1m"jtl1'Ub611\li'Y'l 1 n,; ~\Id ~1..J tJ 1~ -or~ n Iii n";i"j:!J n1 "j b~ tJ'U ~ bb uu ~u b?f 1::: Vl1 fl11:U ~mu~ nu 
'U 'U 'U 'U 

n1Um"5:uv\'1mtJ-~\lbn1?1-ei6u1tJ (POE) 1~tJ?ffl~bb 'Vl"5n 1 'W~'Un1"5?f~1\lfl11:U?f'W h zj\lbU'Um"5m:::~'U 1 Vi' 
' 

un b~tJ'Ubtl~ bb "5\llil\l 1Wl1tJ 1mb~1?f1:!J1"5tl~\lrl1tl1:Ul'VltJ11"11?f1?1{ b~tJ1 nub dei'Vl1~1il::: b~tJ'U b ~eit111 tJ~ v v 

m"5~'UV11i6m"5V11r11 l?1 au bb'1:::?11m"511t11fl11:u~i!'Um?f ~1\lei\lrim1:u-rl V1~1~~1 tJ ~1 bfl\I v v 

iitJ m5 bb'1:::va!n~l"l~ ?f.f11'\;"5 (2556) 1~-oJ~m"5b~tJ'W~bbU'U~'Ub?f1:::'Vl1\ll'VltJ11"l1?fl?1TI 'W 
' v 

i"1J1bfli1 b~e:i\I eJ1?1"51m"5bn~u5n~tJ1bfli1 ~1'U1'U 12 mu b~ei~~'U1~'1~:u~viBvi1\lm"5b~tJ'U"llei\I 

um~tJ'W.fr'Ui!utJ:u~n'\;1tJ~ 6 b\I b~tJ'U"51:uivi tJ1 -r"llil\lflmfi b '\;n 1~ mb 'Vl"5nn1Um"5:uvJ1'U1tJ-~\lbn1?1-

ei6u1tJ (POE) 1 'W~'W?f~1\lfl11:u?t'U h 'Y'lu11 m"5-oJ~nlilm"5:um"5b~tJ'U~bb uu~u b?t1:::vi1\livimm?t1?1{ 
v 

~1:unun1Um"5:u POE v\'11 Vfum~CJmn~r11m:u1 'W11Unei'U~1U:::b~CJmdeiV11~'W 1 bb'1:::vh1 iXurn~tJ'U 
am n~r111?1ei'U~fl1~fl::: b 'W 11 zj\l?f fl~fl~fl\I nu"5tJ bb uu"ll ei\lm"5..J~ nlil m"5:Un1"5b~tJ'U~ bb uu~u b?t1:::vi1\I v v v 

ivi tJ11"l1?f 1?11t~ b U'Ufl ~1\1~ ~\1~'11 Vi' b~ei b~tJ'Ubb~1 bn~m1:u~m n~'U bb'1::: cJ\I b iJ'UYi' n'\;:::n1"5A~ bb'1::: 
v 

Yi'n'\;:::m1:u~~'U?f\I v\'11 Vi'b u'U~1'UV1~\l~?tuu?f'U'U 1 'Wm"5b ~:u~'1~:u f)viBvi1\lm"5b~tJ'Ui"1J1i!'U 61 1~ 'U 'U , ul I 

bb'1::: cJ\I~ \I b?f ~:U 1 Vi'~ b~ tJ 'U ~lTin1"5 b nu "51U"51:UoLJfl:U'11il1 n ~ '1"ll fl\I m "j'Vl~ '1 m~1~ bb~1t11m b tJ~ tJU b VJ tJ u v v v 

bb'1::: b zjei:u 1CJ\IVIG'1 nm"5~ b U'Ufl11:U~'Vl1\ll'VltJ11"11?f 1?1{ b ~eit11mei6u1 tJ bb'1::: b U'Ul°111?1eiU"lleJ\11°11m:u~1~ v 

~\111l'U1?1fl'U~'U 

'Y'l'Wm n'UCJ:::mru1Utl bb'1:::va!n~l"l~ ?f.f11'\;"j (2557) 1~-oJ~m"5b~tJ'U~bbUu~rn?t1:::~1:un'U 
v ' v 

bb uu b tJ~ tJu b VJ tJu b ~ei~~'U1:u 1'U:u~vi1\li'Vlml"11?11?11 b~ei\I eJ\?1"51 m"5 bn~tJ5 n~ CJ1 bfl:W "llei\lu m~CJ'U.fr'U 

i!utJ:u~n'\;1tJ~ 5 b\lb~tJ'Ub~tJ\lbbn1~'VltJ1fl:u 1~CJ:u 1'W:u~~~n'\;11~bbn fl11:uV1mmb'1:::m"51°l1'U1ru 
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erl'l J1 fl1"j" bfl ~tlfi n~ ~n bflli bb tJ1 fi~ b~ CJ1 nu er I') J1 fl1J b n ~tl li n~ CJ1 bflii i;.J G'l 'IJ€M?l1JU 1'l'11'W ~~:W ~ eJ er I') J1 

f;.JG'l'IJe:i-::i~t.i~~h~:W~ e:ierm1 f;.JG'l'1Je:i-::ifl11m .U:w.Ut.i~:W~e:ierl'ld1 nG'l 1n'IJe:i-::1~1b1-::i~iJ~e:ierl'ld1 bbG'l~f;.JG'l'IJe:i-::i 

e:iruV!.ni°J~iJ~e:ierl'lJ1 ~u11Vl6l-::imd~~fl1Jb~CJtJ~bb~1 i.Jm~CJtJiJm1:wb .LJ'1h:w1 tJ:W~~ti n~e:i-::i b ~:w~tJ'Vlfl 
q \I 'U \I 'I 

:w 1 t.i:w~ 61'-::ibnl'11~"il1ni.Jm~CJt.i:W:w 1 t.i:w~~~~G'l~G'l-::i bb?l~-::111n"ilmd:wmdb~CJtJ~bb uu~u b?l1~11:wnu bb uu 
'IJ 

bu~ CJu b Vi CJu "1i1CJG'l~:w1 t.i:w ~~~ ~'IJe:i-::ii.J m~ CJtJ M 1~ b ~ e:i-::i:w1"il1 n n1 db~ CJtJ ~ bb uu~u b?l1d1:wnu 
'IJ 

b tl~CJu b VimJ bu~ 1e:im?l1Vfi.Jm~CJt.i1~fi't.imr11l'le:iu~1CJ~1 be:i-::1~1t.i m~u1t.i n1d'Vl1-::11'Vl CJ11"11?l1'11 Bn~-::i 
f1-::i-d1CJ1Vfi.Jm~CJt.i1~b~CJt.i~:w 1 t.i:w~i1t.ie:i~1-::ib lJt.iJtllidd:wmn~t.i ~-::i?i-::ii;..iG'l 1 Vii.Jn b~CJt.ibfi~fl11:w b .U1 h 

'IJ 'IJ 

:w 1 tJ:w~1~ Bn~-::ifY-::1'1'111 Vii.Jn b~CJtJ 1~b zje:i:w 1CJ-::id~Vl11-::i?lmt.imw1~ bfl~~tJ 1 tJ~11'1tlJ~"il11t.i t11m?imd 
'IJ 

e:i5u1CJ?lmt.imdrui1t.i bbG'l~ir m~CJt.i~-::ii1un~:w-Wt.i5nu b ~e:it.i 1~CJiJmb ut.i~'V11wu1~e)1t.11 CJri11:w d.J 'IJ 'IJ 

Vi'mddru .ni;..i1~bd bbG'l~Plfl~l"l~ ?l.flTtfi (2557) 1~~~fl1Jb~CJtJ~bbUU~Ub?l1~'Vl1'l 
'IJ ' 'IJ 

1'VlCJ11"11?1 l'l {~1 :w nun "il md:w'Vl 1t.i 1 CJ-~-::i bfl 1'1-e:i 5u 1 CJ b ~e:i -::i ?11 d~11mG'l n G'l ~1V!1'ui.J m ~CJ t.i~t.i 
' 

~uCJ:wP'in~1u~ 4 h-::ib~CJt.i?lnG'l'W'w.Jt.1Pin~1 1~CJP'in~1?l:wu~bbG'l~tlfin~CJ1'1Je:i-::imn u 1m~dl'l 1 tlJ~t.i 

bbG'l~ 1 'V~tJ ~u11 i.Jm~CJt.ii1i;..iG'l~:w~'Vli'Vl1-::in1db~CJtJ~-::1~tJ 1~mtre:iV!1?l:wu~bbm~tlfin~CJ1'1Je:i-::i 1 tlJ~tJ 
?l:wu~ bbG'l ~ufi n~ CJ1'1Je:i-::i~~~ iJ~e:i CJ G'l~ fl11:wn11V!u 1'Vl1-::imdb~ CJtJ 1n~ b~ CJ'l nt.i b ~e:i-::i"iJ1 n b ut.1Vl1.Ue:i~ 

i!rn~CJt.i 1 Vffl11:w?lt.i hmn~?l~ bbG'l~b um~m~i!rn~CJt.i?l1mw~u b ~mbG'l~t111 u1 it t.i~11'1'lh~"il11t.i 
' 

1~~~t.i ?i1m tf e:iV!1?l:wu~ bbG'l~tlfi n~CJ1mn u1mml'l ~e:iCJG'l~m1:wn11V!u1'Vl1-::i n1d b~CJt.1~1~~ 

b ~d1~but.1V11-V'e:i1 t.i l'1 e:it.i l'lt.i ,r fl b ~CJ t.i f1-::i1~ ?11:w1111bzje:i:w1CJ -::i fl 11~ ~ fl11 b~ CJt.i fl 116'le:it.i 1Vfb-V1 nu 

~1l'ltl1~"il11t.i 1~ ~-::iif b ~eJ'l"il1 fl n11~~ n11 b~ CJtJ fl1"j"?leJtJ bb uu~u b?l1~'Vl1'll'Vl tJ11"11?ll'1{~1:w nu POE 

'1'111 Vii.Jn b~CJmn~r11m:w 1 tJ h ii fl11:w ?ltJ 1 "il e:i m fl~A11'1e:iu~fl1~fl~btJ11zj-::i?le:i~fl~ e:i-::inudtl bb uu'IJe:i-::i 
'IJ 'IJ 

fl~6Vl1 .flf;.J1~bd bbG'l~Plfl~l"l~ 6'l.fl1~1 (2557) 1~~~fl11b~CJtJ~bbUU~Ub?l1~'Vl1'l 
'IJ ' 'IJ 

oQ, (I Cl.IClt. 0 Q.I Cit. d .<::It. ( Cit. Q.I (Cit. ff O CV 

1'VltJ11"11?lm11:wflUfl"il m1:w'Vl1t.11CJ-?l'l bfll'l-e:iuu1CJ b 1e:i-::i ~e:imiimbbG'l~i;.JG'l 1'1.n ru6Vl~e:im:we:i1 ?l1V!1u 

i!rn~CJt.i~t.i~uCJ:wP'ifl~1u~ 6 h-::ib~CJt.i ?lflG'IJ1'111'VlCJ1t.iflG'l ~u11 i.Jm~CJt.iiJi;..iG'l~:wfl'Vl~'Vl1-::im1b~CJt.i 
' 'IJ ·1 

?l'l~tJ 1~ CJiJ~e:i CJG'l~ m1:w n11V!U1'Vl1'lfl11b~CJtJ?l'l?l ~ b~e:i-::i CJ1'l b ~d1 ~ b if eJV!1 b~e:i-::i CJ1'ltJ m~CJtJ "il~l'i'eM 
'IJ 'IJ ' 

'1'11fl11'Vl ~ G'l eJ'l ~ -::i'Vl 11 Vf bfl ~ fl11:1Jb .LJ 1htl1 ~fl e:iu nub lJ tJ V11-V' eJ 1tJI')eJtJVi'1 CJ zj-::ii.J flb~ CJtJ ?l1:1J11tlvl1 

fl"il fld1:W 1 tJfld~U1tJ fl11~~fl11b~CJtJ fl116'leJtJ 1~~~tJ b ~eJ'l"il1flfl11~~ fl11b~CJtJ fl116'leJtJ bb '\J'\J~'\J b6'l1~ 
'Vl1-::11'VlCJ11"11?11'11~1:w nu n"il m1:wv11m CJ-~-::i bfll'l-e:i5rn CJ b ut.i n"il m1:w~'t11?lt.i 1 "il bbG'l ~?l1m111bzje:i:w1CJ-::i 

b .LJ'1 nuu ~u'Vl~1 l'ltl1~"il11t.i bbG'l ~ 1~G'l-::i:We:iufiu~ ~1 CJ~1i! n b~ CJtJb e:i-::i 1~ b~ CJtJ f 11:w nt.i nub ~e:it.i 

~1 CJ b Vl~ e:i;-::i ntJ bbG'l~ ntJ ~-::i?i-::ii;..i G'l 1 Vfi.J n b~ CJtJ bn ~ m1 b~ CJtJ-rt~~ bbG'l ~nm1:w n 11V!u1'Vl1-::i m1 b~ CJtJ?l-::i~?l (;] 
'IJ 'IJ ' 
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4:f c::i..V d .::ii i.I V V Q i.li,.I QJ V d i.I .di 

~l1flfl1jl3lfl~1\11't.r.r'ilCJVlbflCJ1'tleMfl'\Jfl1j~~fl1jb jCJ'lJj~1 CJ1 n~mmd b jCJ'lJjbb uu?lu b?l1~ 
~ ~ ~ 

5 ~'W ?Jj'IJHH1 md~~fl1jb~CJ'W1~1CJ1n~mmdb~CJ'W1bbuu~rn?11~ 5 ~'W blJ'Wmd~~mdb~CJ'W1~ 
"I 'U d.J 'U \I 

b 11'W~ b~CJ'WbU'U6111"lt1J bu~ le:im?J1Vfirm~CJ'W1.~11J.Jn'Wfl~elelflbb uu 11\1 bb~'Wfl1jVJ~6'lel\I b ~el'V11fl1191el'\J 

'tlel\lfl1tnJ.J bb6'l~A'Wfl1'1V11-LJ'elJ.Jm ~elelB'\J1CJ 1'W~\l~irm~CJ'W1.~v11mjVJ~6'lel\I v111 Vfirm~CJ'W?l1mjti 
~ 

?J11\lel\l~f111J.J1~1 CJl91'Wbel\l b~CJ~1'Wm~u1'Ufl1jfl~ b ~m zjelJ.J bCJ\I b delV111 mb~6'l~ b~B\l~~n~1 irm~CJ'W 
~ 

~\ln~~'W1fl1j~1'W n1jnfl11J.Jf1 ~b ~'W'tl€J\1191'Wbel\I n~11 'Wfl1jbb?l~\lfl11J.Jf1~ bbG'l~ fl1j~\lr11mJ.J 1~CJ~ 

fljvl1V1111~rl1'W1CJm1J.J?l~mn ?JiJU?l'W'W ~bb'W~ -d1mV1~el l916'lel~~'WbbnuruV11~bn~~'W~1nmdb~CJ'W 
~ ' ., 

Q .c:i., ' IV Q.J QJ ..:::r,, ' c::it.I 

J.J 191Vl1\11Vl CJ 11311?1191 d fl1U fl nu n1 d~~'W1Vl n~~ n j~U1'W f11jVJ1\11VlCJ11311 ?1191dbbG'l~b~1911°1191191 el 
~ 

lVJ81\311?l1914 (l'i'n~131~ Mn~d, 2555) 
' 

Vl1\llVl CJ 11311?1191411J.J tlU fl~ fl jjJ.J vl1'W1 CJ-~ \I bfll91-el BU1 CJ b ~el~~'W1 fl11J..l b -LJ'11 ~ b ~\IJ.J b 'WJ.J~'tlel \I 

irm~CJ'Wi'W~uCJJ.J~n~1tJ~ 5 b~B\lm~-bu?Jh\lb~CJ'W?l191~~~bn1311~CJJ.Jb'UJ.J~~~n~11.~bbn m~-bu?J 1'W 

~1191tJj~li111'U ab~n 1VJj1.6-l~ bbG'l~'Wel'Uab~n 1VJj1.6-l~ Vl~~~m~bu?lbbG-l~ pH 'tlel\l?J1j6'l~mCJ u5n~CJ1 

'tlel\lm~-bU?l j1Uj1J.JoLJelJ.J6'l b~CJ 1 oUbbUUl~m1~boLJ1hb~\IJ.J b 'W~~~1 b~elfl?lel\1'11v)ui'U Vl~\1~1flfl1j 
~ 

irm~CJ'Wb~ ~\ldb~B\1~1n~ n~ru~"tJB\ln~md~v111 Vfirm~CJ'Wi1tJ5~~~'WBzj\ln'Wbb6'l~n'W bu~ 1eim?J1 VI 

irm~CJ'Wi1fl1jbb6'ln b 'IJ~ CJ'Wfl11~fl~b~'W A'Wfl1'1V11r11191elU bbG'l~ 1.~6'l\li1eltJ5iJ~ n~mjJ.J b U'Wnzj~m n~'W 
b~CJfljvl1Vl111~ b lJ'Wb oWCJ\l~flel CJfl1Ufl~ 1 Vlfl11~'1i1 CJb Vl~el 1 Vlrl1 bb 'U~cJ1 11\1bb~'W1 'W fl1j~ ~ fl1jb~CJ'W1 

'U 'U , \I 

bbG'l~ bl91 ~CJ~~el fl1j b~ CJ'W 1 'W el n~ 1nd fl1j 1 oil bb uu1~~ b 'W~ ~~1 b~ ei n?lel\1'11v)u.ff 'W~\l-d1 CJ?l~Vlel'Wm1~ 
~ 

1.~~1CJn11fl1jfl1j 1 oUbb uu1~~ b 'W~~~1 b~eln'11~u.ff 'Wb~CJ1 

elU6'l'JjjtlJ bVJVlel\I bb6'l~fl1'W~l91~~191,j 1~b?l6'l1 (2554) b~~~fl1jb~CJ'W1bbUUvl1'W1CJ 
' ' ~ 

~\I bfll91 BBU1 CJ b~el\lb ~VJ1bfli1 b ~el~~'W1fld~U1'Ufl1jVJ1\llVl CJ11311?1191{bb6'l~fl11~~\l~el h~elfl1j 

~~fl1jb~CJ'W~ 'tlel'lirm~CJ'Wi'W~5CJ~~n~1tJ~ 6 1 j\lb~CJ'W~5CJ~l91j~fl1jVl"1J~G-l ~\IVll~elUG'ld1'tl51'Ll 
~ ' 

VI~\!~~ fl1j b~ CJ'W~ bb~1~Ul1 iJ fl b~ CJ'Wi1Vl n~~ fld~U1'W fl1jVJ1\llVl CJ 11311?11914?1\l~'W b~ CJ1J' fl b~ CJ'W ?11~ 1j b1 
~ ~ 

vl1'W1CJ ~\l?l~~~ ~1'W 11\1 bb~'Ufl1jVJ~6'lel\I ?Jj'IJ bbG'l~l bflj1~Vi~6'l fl1jVJ~6'lel\l b~b1fl~B\11911J.JVI~ flfl1jVJ1\I 
"' ' ~ 

l Vl CJ 11311?l1914 1J' fl b~ CJ'Wi1 fl11~?l'tl bbG'l ~ ?l'W fl tl U fl 1 jVJ ~6-l el\! b ~el~ ?l~ tl--.J 1~6'l fl 1jVJ~6'l el\! b lJ'W b tJ 1911~~ 
' ' ~ 

v11mCJ 1.1Vl~el hl V11n~6'l fl1jVJ~6'lel\ll91j\l\911~~v11mCJ irm~CJ'W~~~~n?l'Un bbG'l~Vl~G'leJ\1~1 b ~el ~'W~'W~G'l 
~ ' 

v111 V!irm~CJ'W:Wm1~m~~el~elfo1 'Wfl1jb~CJ'Wmn~'W :Wm1m.U1h1 'WbdeiV11~~b~'Wmn~\l~'W 
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-r~'W1 oW'W?l'Wvi bb'1~ hm'V'l..:i~ b~el\l?f11'H1.J (2555) 1~~11lfl11b~CJ'W~bb uuv11'W1cH1'..:ibn~-
' 'U 

el5u1CJ b~el..:i..:i1mb'1~'V'lfi..:i..:i1'W b ~el'W'~'W1~ 1 mJ~vi1..:iiviCJ11"11?1~1 '/Jel..:i'l!m~CJ'WimTuCJ~Pifl~1tJ~ 3 

h..:ib~CJ'WD1'Wth 1'Wmn..:i 1111CJPin~1~ 11.J~~ b~el..:i m1bi1111..:i1'W 'V'l~\l\11'W 'V'l~\l\11WllffU 'V'l~\l\11'WPlflCJ1-U'~ 

ci1 \I 'V'l fi \I \11'W131 n ~~ \1l'VI ~ 'W bb'1~n11n11el 'W-r n~'V'l fi \1\11 'W bf! ~el\I ~ el~1 '1i b ll'W bb u u1111~ 1'W~~\I1'W bb'1 ~ 
' ';,J ' 

'V'lfi\l\11'W bbc.J'Wer\I~ 1 'W~~ bb'1~ m161~Jl1~ru'I! m~CJ'Wb ~~ b~~ 'Vl~\11\)1fl1~-ru fl11?fel'W 1111CJ 1 '111fifl11 

~111 m1 b~CJ'W~ bb uuv11'W1 CJ-61\1 bn~-el6u1 CJ ?11~11ri'W'~'W1 bb 'W1fi111V1~elm1~~ b~~'/J el\l'I! fl b~ CJ'W~~~ 1 'W~ ~ 
'U 'U 'U'U 

V11\llVlCJ11"11?1~1 '/Jru~~..S1'W1'W'/Jel\l'l!m~CJ'W~~~ 1 'W~~rim111 bfl~el'W'1111'1\I 

-w~~1l'W m l'ilbbn1 bb'1~1-rrunn ~1~'V'lm11ru (2557) 1~'1im1b~CJ'W~bbUU~u b?l1~V11 
v v 'U 'U 

~~b~el\11\111J11 vJV11m~bb?1~1\l'/Jel\lfl11viCJ11"11?1~11~~u'lh~ri~Pifl~1 ~\l'Vlll1lelm5TW 1111CJ 1 oiibb uu1111 
'U ' 

~ 1 'W~~ bb uu b~ el fl~ elU 5 (9)1 b~ el fl 'Vl~\1~111 m1 b~ CJ'W ~'V'lu11 m~~ 1 'W~ ~ b~el\11 vJV11 m~ bb?f ~1\I 
'U 'U 

l?i el b ~ el\I ~\I bbl?i m1v11'W1 CJ~ ?f~Vlel'W m 1~ ~ b~~'/Jel\I ~ 'W b el\I bb~1~?111Jtl ~1 CJ m161 \I bfl ~'\.J 11fl11fl11clzj \I c.J '1 
'U 'U ~ 

~elel fl~11?i1\l'Vl~el b 'Vlijel'W nu~ fl1\1) m1ru11 iT'WllJ~ ~el\I elBU1 CJ el ~1\1 ?I~ b VI~ ?I~ c.J '1 bb'1~ el ~U'WoLJel~'1~ 
' 'U 'U 

11U 11~ 1-Jzj \l?f el \1lfl ~el \I nu I\) \11 lJ\l'Vlm CJ'/J el\I fl11~ \1lfl11 b~ CJ'W fl11?f el'WlVl CJ 11"11?1~1 bb'1~m1tl1 fl11 
' ' 

b '\.J~CJU b VICJu bb uuel'\.Jmel'l.J1~ CJm b?l~~ijm1~611A'rul?ielfl11bb'W~tl1bb'1~'1i1CJ 1'1X~b1CJ'W?f~1\I~1 'W~~~ 
, 'I v 'U 

~u.ff el'W b .LJ1 hm fl 1lJrl'WbflCJ 1 '!Xb U'W1'\.Ju11mb'1~ b .LJ1 h~1CJ~'W 
' 'U 

~ 1'W~~b~~~~1 'W~~1viCJ1m?1~1t~ ~~ 1 'W~~~rim111bri~el'W'1111'1\I b~el\111J1fl'l!fl b1CJ'W 1~ijm1?1~1\lmri 
'U 

fl11~~1\J1flfl11vl1'W1tl~\l~llJ~bn\1l~'WllJ1fl?fm'Wfl11ru~n1V1'U\111 'IX wfa~ 1 '!Xb'Vl~r.rn 'Vl~\lllJ1fli!'W61'\lbfl~ 
'U ' 

v11'W1 CJ nu c.J'111J1 n m161\I bfl ~11b'Vlijel'W'Vl~ell?i1\1 n'W el ~1\111 ·'in fl m111u 11~.LJ el~ '1 bb'1 ~Pi n~1A'Wril'1 
'U 

b ~~ b~~llJ'W 1~-LJ'el?11'\.J'1Jel\IA1el6u1ti v111 '!X'I! m1CJmn111ri11~ b .U111\J 1 'W~ \l~b1CJ'W ~el ~1\1~ n~\I ?1~1\1 bll 'W 
' 'U 
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2. 7 .3 .:i1'1J1:5' CJ~ b~ CJ1~e:i.:inum-a:5'\ilnT~b~CJ'Wffow 1-tlnT'a'Vl~e:i.:i bfliibb uu~e:i~1'W 

m-a~\ilm 1 b~ CJ'UV\il CJ 1 i m1'Vl\il~e:i.:i bfln bb u u ~e:ici1'U b tJ'U~ bb 'l"l~Vlm CJ 1 'LI'l.h~ b 'Vll"1~1.:i 1 

vi'1fan "'il1nm1:1 .. d1:wiie:i"lle:J'I UNESCO nu IUPAC-CTC (Committee on Teaching of 

Chem is try) 1~ b~'Umb 'U1'Vl1'11 'Ufl1'abbtlU'1JVl1 fl1'a'Vl\il~ e:i.:i 1 m~e:i.:i b~CJ'U b\ilCJ 1 i m icrochem is try bb~ ~ 

1 Vfm1:w~nufl1~~e:i'U16111bfln"'il1n-t.J1~b 'Vll"1~1.:i ., 'l"lui1n~~~'U 1"'il'l11b 'Vlfl'Wfl·Q\ tJ1 itlwmru 40 ni1 
'U 'U'U I 'U 

tl1~b'Vll"1 (Bradley, 2001) ~1Vl'fo1'Utl1~b'Vl1"11'VlCJ,!'U m1'Vl\il~e:J'lbflilbb'UtJ~e:ici1'U 1~'111m1m'LI 
:WVl1l'Vl CJ 1~CJ~1 'I 1 :W1 n~'U b °1i'U ~ ~'141~'1n'atU:WVl1l'VlCJ1~ CJiJ~'U~tl nu~ n1 d bflil bb 'U'U ~ f) ci'J'U 

.fl1fll61J1 bfliJ flru~1'Vl CJ11"11~191{ ~'141~'1 mru:WVl1l'VI CJ1~CJzj'l 1~vl1n1'ae:Je:Jmb 'U'U fl1'a'Vl\il~e:l'l~1'l 1 

u"'il"'ilu'Wmfl16111 bflil "'ilW1~-:imru'1~'111bfliJ~e:ici1'Lim 1 m 'Utl nu~ m1 bfliJ b lJ'U~1'U1'UV1m CJ m1'Vl\il~e:i.:i 
' ' 0-J 

zj.:itJ1~~um1:w~1 b ~"'ile:i~1.:im n b 'l"l11~~.:itl1~V1fJ\il ~~m\il bb~~tl~e:i\ilil CJ 

b~CJ:wPi~ mli~m!CJ (2548) 1~e:ie:imbuuu'Vltlnu~m1bfliJbbtJu~e:ici1'U ~1'U1'U s u'Vl 

tJnu~m11~bbri b~e:i.:i ~:w\ilmflil ~:w\il~m1~~mCJ ~'U~bm\9le:i{ m11'Vlb'Vl1\9lm\il-bu~ bb~~1vJ.yj1bflil 
~ ' ' 

bb~~ 1~'l11m 1inuun~n't11:wV111'VlCJ1~CJ1161Jiln 1\ilmb tJ.:i'l!n~n'l11e:ie:imlJ'U 2 n~:w fie:in~:w'Vl\il~e:i.:i 
d-J ' ' 

b lJ'U n~:w~1 i'U'Vltl nu~ m 1 bflil ~e:ici1'U bb~ ~ n~:w m'U fl:w b lJ'U n~:w~1 i'U'Vltl nu~ m 1 bfliJ bb u uvi'11 tJ , d.J , , , d..J 

'l"l'Ul1'Ll n~ n\11~ b~CJ'U b\il CJ 1 i'U'Vltlnu~ n1'a bflil bb 'U'U ~e:ici1'Ui1 b"'il\91 fl~~~~e:J'U'Vltlnu~ n1'abfliJ bb 'U'U 

~e:ici1m lJ'Uci1'U 1 VltU ~ b~ CJ'Ubfl\ilfl11:W~'U n~'U1'U b 'l"l~\il b 'l"l~'Url'Ufl1'a'Vl\il~e:J'l 1m ie:itJ mru bfl~e:J'liie:i 1 'LI 
v 'U 'I 'l 

m1'Vl\il~ e:i.:i b 1m~1 Vf b Vlm~~:w n'Uu'Vltl nu~ m1 "ll'U1\il bb~ ~1tl bb 'U'U"lle:i-:ie:itl mruilm1m V1:w1~~:w 
0-J 'U ' 

~-mi1:w~'Vli'Vl1'1 fl1'a b~ CJ'U"lle:J'l'l! n~ n\11 ri f)'U bb~ ~Vl~'l fl1'a 1 iu'Vltl nu~ bflil bb 'U'U ~ e:ici1 'U bb~ ~'U'Vltln u~ fl1 'a 

bfli1~1 m\il CJvi'11 tJ~.:i~'Ue:i~1-:iiJ'l!CJ~1ri'ru'Vl1.:i~~~ zj.:i bb~\il.:i1 Vf b-M'Ui1 n111 iu'Vltl nu~ n11 bfliJ bb uu 
'U " ~ 

~ e:ici1'U-d1CJ1 Vf'l! n ~n'l11i1~-mi1:w~'Vli'Vl1'1fl1'a b~CJ'U b ~:W~'U b °1i'U b~ CJ1 rl'U'U'Vltlnu~fl1'abfli1~1 m\il CJvi'11 tJ 

~.:i,!'U11i-:iA11ci.:ib~~:w ~'l!'U~~'U 1 Vfilm11 i'U'Vltlnu~m1bflilbb 'U'U ~e:i~1'Ue:i~1-:ibb 'l"l~VlmCJ1 'Ufl11b~CJ'U 

m1~e:i'Ubflffi'U~mu'Um1~n't11~1.:i 1 b~e:i ~\il.:i'Utl1~mru1'Um1~e:i~11bfl~ 1~~~'1.Jmru ~1EJ~\il 
:w~~'l1~e:i~-:i bb 1\il6-i'e:J:Wbb~~ilm1:wtl~e:i\ililCJ 

Abdullah, Mohammad and Ismail (2007) 1~n~11l1bfliJbb'U'U~e:J~1'UblJ'U 

m~'U1'U m1~~\ilm1 b~ CJ1 n'Utlnu~m1bfli1~~1m1'1°1i1 EJ bbnb "llu '1JV11~-:i bb 1 \il6-i'e:i:w 1~~ b °1i'U b~m n'U 

U'1JV11Fh 1 i~1CJ1 'LIVf e:i.:itJnu~ m1~b~:w~'U b\ilCJm11 i~tlmru"LJ'U1\ilb~ n ~\iltl~mru~11bfli1 1 'Wm1 

1~CJ fl~.:id ~1~ CJ 1~~111"'il b "'il 191 fl~ bb 1.:iu'Um~1 "'il~il~e:i m1'Vl\il~ e:i-:i bfliJri e:J'Ubb~~Vl~.:i 1 im1'Vl\il~e:i-:i bfliJ 
'U 

bb'U'U~e:J~1'U"lle:J'l'Llm~CJ'U~'Ui'.ltrn:w~n't11lJ~ 4 b\ilCJ1Vf'V11m1'Vl\il~e:i.:i 10fl11'Vl\il~e:i.:i1m1m 8 i1tlm~ 
' ' I CV q d .:::::., -=i!.c:::I I .c:::I I I .c:::I 0 I 

'l"l'U11'U n b 1CJ'U:Wb"'il1911°1 \9l'Vl \il\9le:Jn11'Vl\il ~ e:i.:i bfl:W bb uu CJ e:i~1'U 61Je:J'U'Vl"'il~'Vl1n11'Vl\il~ e:i-:i:w 1 n m1 n11\il 
'U 

m~16\9l ~'Unm~i1:w~~e:itlmrum1'Vl\il~e:i.:i ~1'abflil bb~~ilfl11:wb-V'11"'ilb~mn'Ubb'U1m1:w~\ilV1~n'Vl1-:i 
'U ' ' 

bflil b~e:i 1~v11m1'Vl\il~e:i.:i b lJ'U'a1CJ'Uflfl~ bb~~~'lb~'Ue:i 1Vfb~:wb1~11 'U fl11b~EJ'Ufl1'a'Vl\il~e:i.:i1 Vfmn~'U 
' 
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Abdullah, Mohammad and Ismail (2008) 1~'WIPll'l.J1fl1'Wl~6'leNbrli'.ibb'U'U~B~TW 

~1Vlru11 m1CJ'l.J.ff 'l.J~5CJ:1..1fi fl'l':l1tJ~ s 1 '1.J'\.J1::: b vwim bm61lCJ 1~ CJ BB mb uu'l.l~m1vi~6'l B\l~Vlmfl'V!6'11 CJ 
' 

1~bbn b~B\leJl9111fl11bn~tJ5n~CJ1 fl11b~1CJmBV11'WB6'l bb~:::bBGH viB1 tJ5 n~CJ1BBfl61ib~i'Wbb6'l:::~~ fli'l.J 

'\.Jn n~ CJ1fl11~ ~ bb~::: fl1Wl1CJm1:1.J~B'l.J bb~::: fl11 b~ ~CJ:l.Jvl161D zj \lb'U'l.J fl11V1~6'l B\l~ilB ~1 'W'Vl~ fl61 m 
d..J 'U 'U 'U 'U 

1 'l.J1:::~u~'BCJ:1..1fifl'l':l1 bb~1i11mtJ-ru bb~:::'WIPll'l.J11 ~b tl'l.Jfl11vi~~B\lbAiJ bb uu~B~1'1.J bnmtJ~CJubViCJu 

m1vi~6'1B\l 1 '1.Jbb'U'U~\I b~wl'u m1vi~~ B\I bAiJ bb uu ~B~1'1.J 1 'W~1'1.J'VB\l'\.J~mru6111bAilm i '\.J~mru'VB\I 
b~CJ~btl~~'Wbb~:::b 16'11~1~ 'l.Jfl11V1~6'lB\lbAiJ bb 'U'U ~ el~1'W 1~ CJ~11 D611:1..111tl~~'LJB\I b~CJ~ btl~'<i11flfl11 

vi~~el\I ~elCJ~::: 87 ~~'\.J~mru6111bAilmi~elCJ~::: 81 bb6'l:::'\.J1:::V1~~nm1~'1\l~elCJ~::: so bb~'<i11flm1 

b '\.J~CJ'U b Vi CJ'U fl11Vl~~ el\I bb 'U'U~\I b~:l.J bb6'l::: fl11Vl~~ el\I bAi'J bb 'U'U ~el~1'W ~1V!fo1!m~CJ'l.J.ff 'W~'BCJ:l.Jfi fl'\':11 

tJ~ 5 1'l.Jfl111~CJ1 'l.JA~\ld 'W'Ul 1 fl11Vl~~B\I bAiJ bb uu ~ B~1'W611m1ti6'l ~'\.J~mru'VB\I b~CJ 1~'1\1 

~BCJ~::: 88 ~~11CJ~1CJ1'1.Jfl11~el6111bAffi~fi\I ~BCJ~::: 87 bb~::: '\.J1:::V1~~nm1~fi\I ~BCJ~::: 66 bb~:::~\I 

~1 CJ~ ~6111~'\':111:1..1'1\I m1 bn~ el'U1i b V!~'<i11 m 'W~\11 m'.J bb6'l::: m11::: b -0~1~ 
' ' 

Zakaria, Latip and Tantayanon (2012) 1~i11fl11Vl~~B\lbAi'lbb'U'U~el~1'1.J m 

bbnu t1JV!1~ bn~~'l.J1 'l.J~ el\ltJ5u&1 fl11 bAil b ti B\l"i11fl fl11~ ~\lutJ 1::::1..11 ru'LJel \lr~u1~:1..11 b~ b61lCJ ~ B 

:1..1V11iviCJ1~CJ 1 '1.J'\.J1::: b vi~ v\'11 ~~\le.J~ m:::viu~B fl11b~CJ'l.Jfl1161el'W1 'W1:::~u'\.J~ruru1~~'1Jel\1:1.JV11iviCJ1~ CJ 
"'"' 

Kebangsaan Malaysia vr\lf111'1f~1CJ1'Wfl11~el~'\.Jmrufl11Vl~~el\I bl°l~B\lbbtl1 6111bAiJ bb6'l:::l61~~'W 1 

bb'W1V11\lbbtlUtu'V!1flel b~:l.J"il1'1.J1'1.J11fl~fl'l':l11 'Wbb~6'l:::fl~:l.JV1~~B\lb ll'Wfl~:l.J~::: 4 A'l.J bb~:::~~"il1'W1'1.J'UV1 
"' ' ' 

tJ5u&1 fl11 bAiJB'l.JV1~~1 ~,j' el CJ~\I v\'11 ~~fl.I.fl 1'W1 'l.Jfl11~ ~ fl11b~CJ'l.Jfl1161 el'l.J'l.J5u&1 fl11 bAiJ6'l ~6'1 \I 

611V11''U 1 '1.J~eJ\l'IJlju~ fl11 bAilB'WV11 ~ 1~'111'\.Jlju~ fl11bAiJ ~B~1'W:l.J11 i'11'W1'1.J 7 fl11Vl~~B\I b ~el 

bbnu t!JV!1~ bn~~m ~el 1 ~m1 b~CJ'W fl1161el'l.J 1~~1bD'W~el1 tJ'Wu11 fl11b~CJ'l.JbAilB'l.JVl~~iJ'\.J1:::~vi6n1'W 
:1.J1fl~'W "iJ1'1.J1'1.J1!flb~CJ'l.J1 'Wbb~~:::fl~:l.J611:1..111tl~~~\11~fi\lfl~:l.J6'l::: 2 A'l.J bb~:::~\lb61~:1.J1 ~1!fl~fl'l':l11~6'l\I 

' ' 
i'JeltJ l)u~ n'l.Jvi flA'l.J '11'W1'1.J'\.J l)u&1m1bAil b ~:1..1~mb~'\.J~:1..11ru6111 bAil~1 -if~~~ \I 11 fl~ fl'l':l1ilm1:1..1 

~1:::V!1! fl~ B fl11B'l.J rm;~\I bb 1~~ el:l.Jzj\I b i1'W 1~i~ b"il'W'<i11 flfl11'\.J1:::V!~ ~fl111-if6111 bAi'J bb~:::J1 '<i11 flfl11 
' 

~111"ilm1:1..1fi~bi1'1.J'VB\111fl~fl'l':l1bAilB'WV1~~ .ff'l.Ju~ 2 'W'Ul111fl~fl'l':l1fll1 ~BCJ~::: 80 bi1'1.J~1CJtl'Ufl11 

1 -ii'bAil bb uu ~B~1mll'W fl11b~:1..11°111:1..161'1.J1"ii1 '1.Jm1b~CJ'WbAil b 1mm ~ 'l.J fl11b~1CJ:1..1m1vi~~ei\I~ ~~\I bnB 

b Vi CJ'U tl'Ufl11Vl~~eJ\I bb 'U'U'\.J fl~ fl11Vl~~eJ\1611:1..111tlvl11~ei ~1\111~ b 11 bb~:::~1CJ~'Wbb~::: ~\1611:1..11Wi11l61~ 
' 

~il ei CJ b '1.J~1~'\.J1:::'111'1.Jm'WIPll'W1 b ~B b ~:1..1m 1:1..161'W 1 "il'VB\111 fl~ fl'l':f 1~ B m1 b~ CJ'l.J bAilm fl~'W 
'IJ 
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Mafumiko (2008) fl~11~-:im1tll]u&im1vi~~el'l1'W'lh1~umlJ'lRfTWVl~'l"Uel'IV16i'fl~\911 

n11 b~ tJ 'Ubfli1 bb~ ~1'U1'Un11Vl ~ ~ el'l~J.Jl fl tl'U b 1~1~ ~ 1n~1'Wbb~~~fl1 fl b~ tJ'UVll 1Vlb"5'1'1111! 1~ 

Vf el-:itll]u&i m1~el'lvl1-:i 1'U el~ 1-:iV1u fl 1'Wm1 b\91~m.m11VJ ~~ el-:i bb~ ~ ~ bb~-rfl~1 ?f 11 bfli1 cl'1V1-ru 

h-:ib~tJ'U Chemical sciences 1 W,JV11ivitJ16i'ci Dublin City University 1t?i'fom1~6i'flvi''U 1 Vfi1m11 i 
tJl)u&i fl11 bfli1 ~ el?f 'd'U 1 'U fl11~ ~ fl11 b~tJ'U fl116'f el'U 6fi-:ii16'f 1'U"1i'd tJ 1 'U flW'U'd'U fl11rl1~~6'f11bfli1 bb~ ~ij 

f111:WU~ el~Jl tJ "il 1 fl m11 i fl11Vl~~ el'I bf1i1 bb 'U'U ~el?f l'U ij~ ~ 6'f ~Vl B'W fl6i''U:W1"il1 fl er~ b~ tJ'doLJel'IV!m tJ ?f 1'U 
\l 

I Q,.I .::;;::j I ~ .c:I O CV ~ q ii C::C:: I 1J i.I ..d 
b'/J'U 'UflbW'U'\Alm1 "biJ'Ubfl:W6'f1V11Ub~fl" ":wm1:wvi1vi1tJ""?f'Ufl""11~b11bb~~-:i1tJ" b"il1Vl'U1Vl 

\l ' 

v ' 

~~~-:i" fl1bfli1bb~~-umrii1 'lAl~11 "i1~fl~~bn~:fi'U:w1fl:w1tJ" "i1m1:wbbJ.J'UcJ'1bb~~bVitJ-:i\911-:i" ""1i1tJ 
\l \l 

-rfl~1~-:i bn~6"1el:w" "-d1 citl1~V1c'J~~11 i~1tJ" "i1fl11:wtl~el~Jl'tJ" bb~~ "'LI'm~tJ'U'/Jel'U m1vi~~ el'I brii1 

bb 'U'U ~el?il'U" 

lil~b~'U 11?111m1vi~~el'lbfli1bb uu~el?i1'U b ll'Uvi1-:ib~elfl~m 'Ufl11~"il~~~m1nuu~V111 'W 

Vlel'I b~tJ'U~6U1~fl11Vl~~el'I b ~el'l"il1fl6'f1 b Vl\91~6U1~ bbfl~'Ueltl mru1 'Ufl11Vl~~el'I 6'f11bf1i1i111fl1 bb '\Al'! 
' ' 

m1 b\91 ~tJ:w m1vi~~ el'! bb~~~'U\91el'Um1vi~~ el-:i 1ib1m:w1 fl 6'111 bfli1m ii1m 1:w b ll'U~~ bb~ ~ bn ~"Uel-:i b~ ci 

~-:i?i M111~ bb 1~~ el:W zj,:i b ll'Uu ruV11611V1-ru m16'f el'Ubfli1:1J1'Ul'U b ~el'l"il1 fl m1vi~~el'I bf1i1 bb uu ~el?i'd'U 
\l v 

b l!'Um1vi~~el-:i~~~"U'U1~6Uel'I m1vi~~el'I "iJ1flm1vi~~el-:i bb uu b~:wm ielumru"Um~ 1 V!ru 6'f11bflffi 'U 
' v 

tl~:w1rumfl mb ll'Ueltlmru"Um~b~ fl 6'f11bfli1tl~mru.W eltJ zj,:ii1-U'el~Ael 6'f1m1t1~~11tJ~1ci1 'Wm1~el 
' 

1 Vf m1vi~mN bfli1 bb uu ~el?i1'U b lJ'U m~u1'U m1~ b ll'UiJ\911nu~-:i bb 1 ~~el:w u el'I n'W m1bn~:w~m1~11?1~ 

eltlmrum m 'U m1vi~~el-:i6'f1mwV111~~1tJ 1 'U~i\91u1~~11'U bb~~ ~~6'f~Vlel'U"il1fl'LI' fl b~tJ'U~1-:i b ~'U ~1 tJ 
' 

.c:i..Q.l.c:::t.c:I ii Q.I Q.I .c:::t 11.d Cl 

2. 7.4 \11'1.JT~V'VI bflV1"!JeJ\lfl'Ufl1'a"il~fl1'H 'rn'IJ'a b 'all\! 6UJ~~ bf'l:IJ 
\l ' 

w11b1f'!l hb~'U bb~~flru~ (2550) 1t?i'?ifl~1bb'U1A~b~el'16'f:W~mfli1"Uel'IUflb~tJ'U1~vi'u 
' 

i!utJ:w?ifl~1 \91el'UtlmtJ~b 1!'UV1tJfllPi'1'Uivimm6'f\91{ "ill fl h-:ib~tJ'Uii'utJ:w?ifl~1 3 bb vi-:i 1 'U~'IV!l~~'UVJ'U~ 
' 

1~ tJ 1 i bb 'U'U 61111 "iJ bb 'U'd A~ b~el '16'f:W ~~ bfli1 zj,:i b lJ 'UoLJel rh m:w bb 'U'UU jtJ tJ bb~ ~er \91iJ tJU1~ flel'U tl'U 1~ tJ 
' 
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m1~mJ~'11 tJtJn fl~CJ1 bfliJ fi1fl\l~?fl.J~'1 Ulil ~ CJ~iJ~'1\9le:im1 ~?fl.J~'1 VI~ m'1e:i"U1 b1?1e:i~ be:i bb'1~?fl.J~'1 , d..J 'l , , 

bflli1 tJ~\liJ:fii1?1 bb'1 ~mj'\.Jj~CJ n1?1'1 -db tJe:i1?1?11V1mjl.J ~'11~ CJcJ\ID'l:fi11 '!!m1CJtJj~~'U-&mYuCJl.JPJm~1 
' ' 

1?1e:itJtJ'11CJ cJ\ltJj~?f'UU ruV11Ji'1tJ nljb1CJm~e:i\l?fl.J~'1 bfliJe:i~m n faCJ btJ'\1'11~1 m~e:i\I n1jl?i'1 b -Um-U1 
" ' \I 

~n11~?1l.J~'1bb'1~.fl11 ~?fl.J~'11 tJtJ n fl~ m bfliJ b ti eJ\llil1 m llmb tJ1 fi~~fie:itJ-U'1\I CJ1 mb'1~ b lltJtJ1:Wujjl.J ~ , , d.J 

mj~1iJ~v\'1m1:w b-U'11 lil bb tJ1fi~ b V1~1d~e:i\l 1 off~tJ1?1tJ1mjb ~e:i 1 Vi'b-U'1 hu5fl~CJ1~ bfl~~tJ v\'11 Vi''!!n b1CJtJ 

b~e:in~lil~ b1CJtJTI~CJn1jvJeJ\1~1 bb 'Vl'l.J~lil~ 1 off m1l.lb-U'11 lil bb'1~Bn?f1b V11?1V1-ti'lfie:i '!!n b1CJtJ hJ b-U'11 lil bb tJ1fi~ 
\I ' 

~tJ ]1tJ'U1\I bb tJ1 fi~ b °1itJ bb tJ1 fi~ b~e:i'lm1l.l b-U'l.l-U'tJ'1JB\l?f 1j'1 ~m CJ bb tJ1fi~tJ5 fl~CJ1 bfliJ bb tJ1fi~ b~e:i\I 

~ (?1j1 n1j bfl~tJ5 fl~ CJ1 bfliJ b tltJ ~ tJ ~\I~ '11 Vi''!! n b1 CJ'l.Jbfl~ bb tJ1 fi ~fl '11~ bfl~ e:itJ b~e:i\l?tl.l ~'1 bfliJB nJ\'1 CJ 
V I V I 

<V Q.I !LI .di .:::::ii CV ~ 0 Q.I ~ .di .di .c::il CV 

~\l'l.J'l.J~?fe:im jeJ\l?fl.l~'1 bfll.Jfllj\?1j~Vf'l.Jnrnfl11l.J?11flt1:J'UB\I bb 'l.Jlfl~'V'l'l.J]1'1.J b jeJ\l?fl.l~'1 bfll.J bb'1~'1 n~ru~ 

n1j~~flliJmjl.Jn1jb1CJtJ~f11jb U'l.Jflli:lmjl.J~~\I b?f~l.J 1 Vi'~ b1CJm -V1 h bb tJ1fi~~b UtJ'l.J1l.Jujjl.J 1~ b-dtJ 
\I \I 

l'VlCJ1 n1zjtJ bb'1~1'V'lm'1 ?fljjrutJe:iCJ (2553) 1~~~mjb1CJtJTI~CJ1offmjbtJ1CJrnVICJ'U 
' \I 

b~eJ~\lb?f~l.Jmjb tJ~CJmb U'1\ll.J btJl.l~ b~eJ\l?fl.l~'1 bfliJ'1Jm'!!m1CJtJimYuCJl.JPln~1tJ~ 5 1~ CJiJ bfl~e:i'lile:i~ 
' 

1-dbtJmji~CJfie:i bb'U'U'11j11ill.Jfol.J~ bb'U'UG'11j11iJtJj~ne:i'LJmje:i6'U1m~m~l.J 11 .LJe:i bb~tJmj~~mj 

b1CJtJTI~CJ1m5mjb tJ1CJ'U b VJCJ'U~l?i'1b'WtJml.ll°l1bbtJ~tl1'1JeJ\I FAR Guide bb'U'U'\JtJVinmj~\lbn1?1-&tJ 
\I 

b1 CJ'l.J bb 'U'U~l.J .fl 1~ru~'l 1m'I ?1~1\1 ~i'.11°11 tnl.JVI~ n bb'1~1°11ml.l'11jeJ\I bb'1 ~ bb 'U'UU j~ biJtJ ~'l.J\11'1.J 
~'1\11tJ'1Je:i'lir n b1CJtJ l?i'1b 'Llmn'LJj1'LJj1l.JoLJBl.J'1l.J 1 tJ:w~ne:im1CJmb'1~Vl~'lb1CJtJ 1 tJwVl11\I b1CJtJiJmj 

\I 

~'1n1jl~CJ'V'l'Ul1 lTin1jbtJ1CJ'UbVlCJ'U1?11l.Jbb'l.J1'Vl1\I FAR Guide iJtJj~~'Vl5m'V'l1tJmj~~n1jb1CJtJ~ 
\I 

b~eJ\l?f:W~'1 bfliJ 61!1 CJ ~\I b?f~:w 1 Vi''!! m1CJtJiJ:w 1 tJl.J~~?f e:i~fl~eJ\I n'U:w 1tJ:w~'Vl1\ll'VlCJ1~1?11?1~mn~tJ1 tJ'U1\I 
' 

b'1B"1J1bl?1B~rn zj\lfl11l.Jfl'11~bfl~eJ'l.J~\ln~11 mlillil~ bfl~lil1nulil~ CJ~1'1.J.fl1~1 b tie:i\llil1n1 mb 'U'U'11j11iJ 

l.l 1 tJl.J~'U1\loLJeJ'i!m1CJm -V1 hfl11l.lV1mCJ hfrin~e:i\I '!!n b1CJtJeJ5'U1CJ b '1111?1~'1 hJ~e:ifl11l.JVll.J1CJ 
\I ' 

-iTCJCJtJ~ ~1b~CJ\IV11 (2554) 1~~~flliJmjl.Jmjb1CJtJTI~CJ1offbb'U'U~1'1e:i\lbUtJ\51tJ b~e:i 
\I ~ 

'W~tJ1 bb 'l.Jl fi~ b~eJ\l?fl.l~mfliJ bb'1~ b lil ~fl~ 191 e:ii"U1 bfliJ'1J eJ\IU m1CJtJ~tJilu CJ :w~ n~1tJ~ 5 1~ CJ bb u \I 
' 

n1j~n~1e:ie:imlltJ 2 j~CJ~ fie:i j~CJ~~ 1 '11nlilbbtJ1A~b~eJ\l?fl.l~mfliJ'1Je:i\lum1CJtJ '\.Jj~ne:i'U~lCJ 
' 

5 bbmfi~~e:iCJ 1~bbn tJ5fl'~mbfliJ~~tJn~'U1~ m1~?1l.J~'11 tJtJt]fl~CJ1bfliJ fi1fl\l~?fl.J~'1 V1~n'1JeJ\lb'1e:i 

"111b1?1e:i~ be:i bb'1~ulil~ CJ~il~'1\9le:im1~?1l.J~'1j~CJ~~ 2 ~~fllil mjl.J mjb1CJtJn~ CJ 1 off bb 'U'U~1'1e:i\I b lltJ\51'1.J 
' \I ~ 



. . 
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~i;im11~tJ1tJ1:::tJ:::bb1fl'V'l'Ul1 'W'rn~tJt.!~1tJ1Vft1) libbt.!1fll11'U1\1~1tJ1tJ 3 bbt.!1fll1111Pi'bbrl bbt.!1fll11b~B\I 

tJ n fi~ tJ 1 bflli~ ert.l n~'U 1~ fl1fl\l~?IJ.J1116'1 bb6'1:::i:h1~tJfl11m .LJ'J.J.LJ'tJ BUJV!fliJ ~i'.J ~6'1~Bfl11:::?1J.J 1116'1 d.J 'I q 'U 'I 

V!~n'lJB\lb6'1B"ll1bl?lB~bB 11:J.J~\11~?11m1mzjB:J.J LtJ\lbb tJ1fi1111'VltJ11311?11?11~tJ 1 nu bbt.!1fll11b~B\l?f:J.J~6'1 
bflm~ i( tlb~ tJt.!li bb t.!1fll11~fl6'11111 bfl~Bt.l"i11tlbb t.!1fll111'Vl tJ11311?11?111111tlbtl'Vn~1 t.l 2 bb t.!1 fl111~B tJ 1~ bbrl 

bb t.!1 fll11 b~B\lfl11:::?1J.J~6'11 tJtJ5fi~ tJ1 bflii bb6'1 :::V!~ n'lJB\I b6'1 B"ll1 bl?lBfoB b 'lit.!'W' tlb~tlt.l'U1\1~1t.lfll11l1 bdeJ 

1:::uu b.LJ'1~m1:::?1J.Jl116'1"i1:::Y-1'U?111~\lli1t.lbb6'1:::?111~~1?1il rusvi' 1 tJ'<i1'1tJ1tJ~b vi1ntJ ~1t.!~6'1m11~tJ1 tJ1:::tJ::: " , 
~ 2 V!~\l"i11n~'W'rn~tJtJ 1~ b~tJtJ~"i11nn"i1m1:J.J m1b~tJtJTI111tJ1 ·fo uu '<i\'1i;i B\lb 1JtJ~1mbGi'1Y-1u11 ii'rn~tJtJ 

" " ... 

1'Vlml311?11?1TI tJb~B\ltJ5 fi~m bfli:J~ertJn~u 1~ m1:::?1:J.J~i;i 1 tJtJ5n~tJ1 bflrl bb6'1 :::fi1fl\1~?1:J.J~i;i bflrl bbi;i:::ii 

bbtJ1?11111'Vlt.11m?11?11u1\1~1tJ 1 t.lb~B\I Vl~ n6tJB\lb6'1B"ll1bl?lBfoB D"i1~m~B\lm1J.Jb.LJ':J.J.LJ'tJ fl11:J.J~tJ bb6'1::: 

eJU.!Vf flil~ii ~ 6'1 ~ eJfl11::: ?IJ.J1116'1 b ~ EJ\l'ii) 1nn11~111 n11 b~ t.Jt.l n~~ \I b?l~J.J1 ~ii' n b~ tlt.l ~111 fl'ii) n11J.J~ 
'I 'U q 'U 

VfmnVfmtJ 11Pli;i\li'.lBtJ5'Li~"i1~\I iitJ5~:J.J~tJ5bb6'1::: bbi;irn tJ~tJtJm1J.Jfi111b~tJzj\lnmbi;i:::ntJ nub ~BtJ 1 tJ 

n~J.Jbb6'1~b~BtJ1:::V111\ln~:J.J 1111tJ 1 -Um:::u1tJm1?1~1\lbb6'1::: bb?ll11\leJBrnbuu'<i\'1i;iB\I tJ1:::ne:iu nu m11 i~B , , 

m1 b~ tJtJ ~~V!m nV!m tJ ~ b 1JtJ m 1 b zje:i:J.J LtJ \I bflrl~\l?f 1 :J.J1~~u zj\1'1i1 tJ1 ~ii' m~ tJm .U1 h bb t.!1fi111 
" 

1'Vltl11311?f 1?1TI~~nli1B\I bb6'1~?f1m1t1e:i6u1tJtJ11n{l m1ru~1\I 1 ~\11tJ1:::~'U:J.JV!fl1flbb6'1:::1:::~u~i;imfl11Pi' 
nru'IJY-lj bfl~BA1 bb6'1:::mtJ~1?1:::1'1?1tl 1~b?fm (2556) 1~~n~1m1J.J?11J.Jljtt1tJm1 v , 

e:i.iltJ11tJ~6'1n11'Vll116'1B\I bb6'1:::~tJfli'1~1 tJ15m1~1\I 1 'iiJtJvh 1 ~ii'rn~tJmfi111m1:J.J b .U1 h bbGl1?f1m1t1 

?f~1\le:i'lrim1:J.Ji'lle:i\lilrn~tJme:i\I ~\1~1\1 1 bV1~1~ 'iiJ:::vh 1 ~ii'rn~tJtJiim1:J.Jn11V11J1'Vl1\lm1b~tJtJ b~e:i\I 
' " 

?f:J.Jl116'1 bflliVl?f\l:fitJ , " 
"i11n m1~ n~1\11tJ1 ~ tJ~ b~ tJ1.LJ'B\I num1~ 111 m1 b~tJtJ~ b~B\l?fJ.J 111mflii "i1~ b ~tJ 1~11 " , 

b .Q' eJ V! 1 b ~ eJ \I ?I :J.J 111 6'1 b {J t.l b .Q' B V! 1 ~fl B tJ .LJ' 1 \I tJ 1 n bb 6'1 ~ b tJ t.l t.l 1 J.J ti 1 1 J.J ,Y n b ~ tJ t.l ~ 1 tJ 1 V! ru ij J.J L t.l :J.J ~ ~ , v 
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Am~ bfl~e:J'WVlm CJ ii 1 'Wii~ b -d'W mdil1 b 'Ll'W b .LJ1?1.n11~?1ii~'1 .n 11~?1ii~'11 'WLJ nn~m bAilri1A-:i~?tii~'1 
'U , , d..J , 

U\l~CJ~il e-J'1~e:i.n11~?fl.l~'1 Vlti n b'1e:J'll1 blPle:J~ be:J bb'1~?fl.1~'1 bflffi 'W~-:iil~i \Pl bb'1~ n1d'\.Jd~ CJ n1Pl1 '1ll 'W 
' ' ' 

e:i1?1?11Vlmdii bb'1~ilm~ CJVlmCJvl1'W 1~ilmd~~n1db~CJ'W{~?11mdt11 ~1Yn b~CJ'Wilii 1 'Wii~t1nl'i'e:i-:iii1n~'W 
q 'U \I \I 

ii 1 'Wii &i~ Am~ bf\~ eJ'W'1 ~'1-:i ~1 CJ n\l nd'jlJ n1d b ~CJ'W{Vlm mb uu b -d'W n1d~ ~ ni db~ CJ'W {bb uu 
~ ~ 

b LJ~ CJu b VI CJu n1'j?f{1-:i bb uu '1'1'1 e:i-:i nid1i b viAi'JAv'i1'W 1 CJ-?1-:i bn 1P1-e:i5u 1 CJ nid~~ nid b~ CJ'W{ bb uu 
~ 

~u b?11~~1iinu b Vlf\Ufl v'i1'W1 CJ-?1-:i bn1?1-e:i6u1CJ1'W~'W?1{1-:iA11ii?t'W1 \! bb~ ir-:i 1~ih1CJ-:i1'Wnidi~ CJ11il 

md1 imd~~mdb~CJ'W{bb uu~ub?11~~1iinubviA'Llf1v'i1'W1CJ-?l-:i bn1?1-e:i6u1CJ1 'W~'W"llCJ1CJf\11ii~ ~-:ii1'W 1 'W 
~ ~ 

-:i1'Wi~CJd~1~ CJ~-:i bii''Wmd~~md b~CJ'W~ bb uu~u b?11~~1iinu b viAi'JAv'i1'W1CJ-?l-:i bn\?1-e:i6u1CJ 1 'W~'W"ll m CJ 
~ ~ 



-- .d 
\J'Vl'VI 3 

1 ·trn1'~1~ti b~B~~'U1f111lJb .U1 hlJ L 'UlJ~l'Vltl1\311?l\91~ b~B'l?llJ~61 lAi1 ~1 ti1 f1~ mmd b~tJ'U~bb 'U'U 
' d.J ~ 

~'Ub?l1~ 5 ~'U t:-J?llJt:-J?l1'Utl'Ub 'VlA'UAvl1'U1 tJ-6"-:i bfl\91-e:J5'U1tJ1 'Ll~'U'LJCJ1tJA11lJ~ i11Bfl1'j~1 b 'Ll'Ufl1'jl~ CJ 
~ 

3.1 bb'U'Ubbt:-l'Ufl1'jl~tJ 

3.2 \J'j~'1J1mbb61~fl~lJl'i'1B~1'1 
' 

3.3 bA~B'liJBvflm 'Ufl1'jl~CJ 

3.4 fl1'j?l~1'lbA~e:J'liJe:Jvfl m 'Ufl1'jl~tl 

3.1 bb'U'Ubbf;.J'l.J"l.IB·m1,-1:5'ti 

1 'Llfl1'j'Vl~61B'IA{ -:id ~1~ti1vi' ~1 b 'Ll'Ll fl1'j'Vl~61e:i-:i n'Li'W' rn~ ti'U.ff 'Uil'uCJlJPl fl'131U~ 5 h-:i b~ CJ'U?l\91~ CJ~m 
~ 

bb 'U'U bbt:-l'Ufl1'jl~ m ll'Ubb 'U'U ~'l'Vl~61m (Quasi-experimental design) 1~ tii1nzjlJl'i'1e:i~1-:i b~ CJ1 bb61~i1 

fl1'j'Vl~?le:J'Urle:J'Ub~CJ'U Vl~'lb~tJ'U bb61~'\!l~'lb~CJ'U~1'Ubi.Jbb~1 30 l'U (One group pretest, posttest 

and delayed posttest (time series) design ~-:id 

(3.1) 

., 
1~ti x ~e:i n1d~~fl1'jb~ti'Ui~1ti1'!J~mfl1'jb~CJ'Uibb'U'U~'Ub?l1~ 5 oLJ'Ut:-J?llJt:-J?l1'Utl'Ub'VlAiJA 

v11m ti-6"-:i ln~-e:i5'U1ti1 'Ll.ff 'U'tl ti1 ti A11lJ~ 
~ 

"' ., .. 
02 AB fl1'j'Vl~?le:J'U'\!l61'lb'jtJ'U 

0 3 ~e:J fl1'j'Vl~?lff\Jf111lJA'l'Vl'U6tle:J'llJ folJ~ Vl~'l~~fl1'jb~tl'Ui~1'U b iJ 30 l'U 



. 
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3.2.1 t],-~"!11n"a 

'lJ<j~61J1m1'Wm'j1~CJfl#.::i-d'blJ'Wtl'rn~CJ'W.ff'W~LiCJl.liiin~1tJ~ 5 ~1'W1'W 4 ~e:i.::ib~CJ'W 

bbt:-.i'Uf11'jb~CJ'W1viCJ1\i\1~=w11-flru~wrnw11 mm~CJ'W~ 2 lJm'jiiin~1 2558 b 'j.::Jb~CJ'W?f1?1~CJ~m~1'U1'U 

151 fl'U 

' ~ ' 3.2.2 mu11P11m.11.:i 
' 

'W'rn~CJ'W.ff'W~LiCJl.liiin~1tJ~ 5/7 "il1'U1'U 18 fl'W 'j'Jl.J~.::JV!l.!~~1'U1'U 53 fl'W 1~m~e:irnb U'Ub'<\J1~'<\J.::i'<\J1n 
'lJ<j~61J1m b~e:i.::i"il1nm~ CJ b ~'W11 n~l.!~1e:i~1.::i~ b~e:intl1'<\J~ b U'U~1 bb VJ'W~~'lJe:i.::in~lJ'lJ'j~6/J1m 1vi' b ~'j1~ 

'J ' ' 

3.3 bfl~ei.:iiiei~1ifl.'Llm,-1:5'tJ 

3.3.1 bbt:-.i'Uf11'j~~f11'j b~CJ'U~bb UU~'Ub6'11~ 5 ~'U ~6'fl.1~6'11'UrltJ b VlfliJflvl1'U1CJ-61.::i bf11?1-8BU1CJ1 'W 
'J 

~'W'l1tl1CJf111l.l~ "il1'W1'W 5 bb~'W 12 i11m (1?11'j1.::i~ 3.1) 1~CJiJ'j1CJ6'l~b8CJ~'lJe:i.::in'<\Jm'jl.Jf11'jb~CJ'WTI'W 
'J 'J ,, 

cu .:::::ii ii Q.J .:::::ii 

bbt:-J'U f11'j'<\J~ f11'j b 'jCJ'U 'j~.::J'U 
'J 
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~1'j1.:i~ 3.1 fhJn'j'j3.Jn1'jb'iV'Llfl 'L!bb~~~bb~'L!n1'j"5'fln1'jb'iV'L!~bb 'l.J'U~'l.J b~1~ 5 .ff 'L!~~3.J~~1'1..!n'l.J ... ... 
b 'Vlflilflvl1'1..!1V-~.:! bn~-e:IG'l.J1V b 'L!.ff 'L!"llfl1VWJ13.J~ 

"" 1. nT~b'\.Jm.J'WbbtJ~.::i 2 

~~'Wn~u1~ 

2 

2 

2 

4 

... 

u5n~cn1~Vl11.::i?111~~mt.1 

fle:JUbtJe:i{ (II) imvJ\91 (CuS04) nu 

?111~~mt.1m~1~1mfl~e:i~n (HCl) 

' 2-
.fl11~?f:i.J~m~Vl11'l Cr 20 7 bb~~ 

Cr04 

n11'Vl~?f e:iu.n11~?1:1.J~~1~Vl11.::i 
' 

1e:i{e:ie:i'W (Ill) 1e:ie:ie:i'W (Fe
3
+) bb~~ 

1e:i{e:ie:i'W (II) 1e:ie:ie:i'W (Fe 
2
+) 

' 3+ -
1~Vl11.::i Fe bb~~ SCN 

f'h1n,-,-3..1PQE 

b 'LJ.ff 'L!"IJV1Vfl113.J~ ... 

blue bottle reaction 

u5n~v11~Vl11.::i 

FeS04bb~~ AgN03 

.fl11~?f:IJVl~"Ue:J'l 
' 2+ 

[Co(H20)6] bb~~ 

[C0Cl4] 
2-

- Carbonate soft 5. ~~"Ue:J.::11°111:1.J~'W 

bb~~e:iru'Vl.niJ~e:i 
' 'U 

m1~?f:IJ~~1~Vl11.::i N204 bb~~ N02 drink 

- ?f:IJ~~1~Vl11.::i 
' 

2+ 
[Co(H 20)6] bb~~ 

[COCl4] 
2-

12 

n~m1:1.Jn11b~t.J'W~ ~1~t.11~e:ie:Jnbb'IJ'l.Jn~m1:i.J~1t.Jn11'VlVl~e:J'lbfliJbb'IJ'IJ8e:J~1'W (small scale 
'U 'U 

chemistry) 1V1mbt.l.::it!m~t.1'We:ie:im U'Wn~:i.J~~ 3 fl'W 1.rre:iumru"U'W1~b~n~?11m1t1Vl11~ 'WVf e:i.::i~'W 
' ' 

b ~'W 1-rrm~~ ne:i:i.J b U'Wtl1Vl'Vl~:i.J'V'lm?f~ n 1&Ji:i.J'V'lm?f ~ rnb 'Vl'Wbb vi.::i bbn1fl'W bb~~"U1Vl"U'W1VI b~ n~1wfo 1~ 
'U ' 

?111 bfli'l bb~~u11~ bbn?f b ll'W ~'W ?111 bfli'Jm .rri'Ju~m rui! e:i t.1 v111 'IX~1 t.1 ~ VitJ~mru"U e:i.::i b~ t.1~~ ~ bnVl~'W 
' 

?11m1t:liJe:i.::in'W:1.J~~~ bU'WiJmnu~.::ibb 1V1~e:i:1.J 1-rrnm 1 'W~'Wb\9l~t.1:1.Jm1'V1V1~e:i.::i bb~~~'W'V1V1~e:i.::i~e:it.1n11 
m1'Vl~~e:i.::i bb uutJ n ~i'lm1:1.JtJ~ e:iVli1 t.1 ~1 t.1 ~e:im1~V1 m1 m1:1.J bb:W'W~1 bb~ ~m1:1.Jfln~ e:i.::i"U e:i.::im1 

'U 

'V1Vli.'1e:J'lbU'W~t.1e:i:1.J.:ru1~ (Abdulloh et al., 2008) 
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~lb~ein 2 ~1~'U~'W (2-tier multiple choice conceptual test) b~8'1 6'1:w~mfli1 ~1'Wl'W 30 -Ve:i 

th~ne:iLJ~lEJ 2 ~l'W ~l'W~'Vl~'lbU'W~lb~Bn6LJB'lrl1\91B'U'1JU~ 2 bbG'i~ 3 ~lb~Bn ~l'W~?lB'lbU'W 

b'Vl\91~G'i 4 ~lb~e:in 1~EJ~1'Wfl11:Wb~'W'1Je:imnne:iT'iJ1"jtl~tJ1m~1bbG'i~~b~EJ1'1J1rn ~1'Wl'W 3 vi1'W ' ~ ·~ 

b de:i'\ll1 b 'Ubb'U'UV1~6'1B'LJU"j~ne:i'U~1 EJ b~B'I n1"jb tJ~ EJ'Ubb UG'i'l~er'Wrnfo 1~ n1"jb tJ~ EJ'U bb UG'i'l~.f)11~6'1:W~G'i 
' 

mJ~G'i b 'WU n n~EJ1 bfli1 ~G'16LJB'lfl11:W b oLJ:WoLJ'W~i1~e:im1~ ?l:W~G'i bbG'i~~G'1'1.IB'lfl11:W~'UbbG'i~ e:it\J'Vl.f1iJ~i1~e:i 
q d;,J q 't 'lJ 

m1~6'1:W~G'i ~1'Wl'W 5, 5, 5, 5 bbG'i~ 10 oLJ'e:i 1911:w~1~'Uzj'li1A1fl11:wEJ1n~1EJ (p) 1'W"1i1'1 0.20-0.80 

bbG'i~A1eJ1'W1"il~1bb'Wn (r) 0.20-0. 73 fl11:WA1fl11:Wbzje:iJ!'U6LJB'lbb'U'UV1~6'1B'U~'IUU'U (KR-20) bvi1n'U 

0.80 1~EJie:i?le:iLJ~i1A1m1:wEJ1n~1EJ (p) 1'W"1i1'1 0.20-0.39, 0.40-0.59 bbG'i~ 0.60-0.80 fi~bU'W 

~mm~ 20.00, 68.00 bbG'i~ 11.67 m:w~1~'U bbG'i~oLJB6'1BLJ~i1A1rl1'U1"il"il1bb'Wn (r) 1'W"1i1'1 0.20-0.39, 

0.40-0.59 bbG'i~ o.60-0.73 fi~bll'W~BEJG'i~ 46.67, 46.67 bbG'i~ 6.67 1911:w~1~LJ 

tl. .fl1'lJ'iJ~ tl 'lJ. .fl1'lJ'iJ~ 'lJ 

b'\11~~~ 

i. 1~'U'Ui1 m-a b tl~ t1mb tl~~ hJoih~V1u1 b v;t1~B81~b~ m 

2. eY11111m11~ b V1t1'lltJ.:i'llB.:ib V1ml.J1 n n11eY11111m1rn'l.l bb utJ 
3. 511111 m-arn'\.Jbb utJm n n11eY11111 m11~ b V1t1'lJB.:i'lltJ~b Vim 

4. eY11111m11~ b V1t1'lltJ~'lltJ~b V1~1b vi1n'UeY11111m1ri1'\.J bb utJ 

fl1'W~ 3.2 ~1eiEi1~fil1m3.l1'~fl113.lb°!i'1l1i13.ll'U3.l~'Vl1~1'VltJ1f'11~l'1i'tlil~~1b~ein 2 ~1~uoff'U 
2 ~1b~ein 4 b'Vl\91e.J~ 

' 



-. f11crn.1: b~Btl1G'11'ji:l~'118 CuS04 r;i~m8J11~ [Cu(H20),J2\aq) zj.:iiJ~tl1b~'UBB'U l.J1b~l.J mvi HCl 

G'l1'ji:l~m 8"il~flmm llu~b vi~B.:i [CuCl,/(aq) "iJ1nLJ5n~tndli'1lii'B.:ifl1'jVJ'j1u11 b tl'Ufl1'jb '\.J~8'Ubb '\.Jr;i.:i~ 
~'Ufl~'U1~Vl~B1lJ 1°11Wl1B~1.:ih 

., 
fl. b~l.Jtl1 

'IJ. b~l.Jmvi HCl 

1°1. b~l.J CuS04 

b'\ll~e.Jg'I 

1. "il~bnviLJ5n~mhJ.U1.:iviu11~"1Trn~m8 [Cu(H2o)l+ zj.:iiJ~J1b~u~Bu 
2. "il~bnviLJ5n~m1LJ.U1.:iviu11~G'l1'jr;i~m8 [cuol- zj.:iiJ~bvi~m 

3. "il~bnviLJ5n~tncJB'UflGl'U 1~G'l1'jf;l~'118 [Cu(H20)J2+ zj.:iiJ~J1b~'UBB'U 
4. "il~bnviLJ5n~tnc!BunGi'u 1~G'l1'jr;i~m8 [cuol- zj.:iiJ~bvi~B.:i 

fl1V-4~ 3.3 ~1tifi1-:1~1m111'~f'l1111b.U111il1111.111~'V11-:11'Vlmfl1~1J1i"tfil~~1b~tin 2 ~1~'1.J.ff'IJ 
3 ~1b~tin 4 b'Vl\Jl~~ • 
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3.3. 3 bb 'U'UU'UVifl n-;u ff'j'jJ.jfl1'jb~tJ'U~VI~ fl 1 'U~'U6'11'j1"iJ bb!;"U~fl'UVl1 bb'1~ bb 'U'UU'UVi fl n"iJff':i'jJ.1~1 tJ 
" 

b VJfi\jfivJ1'U1tJ-~\lbm>Hl5'U1tJ 1 'U~'U'LJtJ1tJfl11J.J~ 
" 

3.3.4 bb uuu'UViflfl~bb 'U'U bb'1~bflrusnm'j 1 ~fl~bb 'U'Ufl11J.J?1e:iV\fl~e:i\l'lle:i\IJ.J 1 'WJ.J~vi1\11vimm?11'11 
1 'W fl1'j~ Vl fl1'j b~ tJ'U ~~1tJ111 ~ m fl1 'j b~tJ'U ~ bb uu ~u b?11 ~ 5~w:..J?IJ.J t:-.i ?11'U nub vi flu fl v11'U1 tJ-~ \I bfll'1-

" ~ " 
e:i5u1tJ1'W~'U'lltJ1tJfl11J.J~ 

" 

3.4 nTrn~1-:lbf'l~ti-:iijt111.1nT11~a 

3.4.1 bb~1.1n1"i~~n1"i b1a1.1j~t.rl 1.1n1"i~~n1"ib1a1.1~~1a1.n~n"in1"i L1a'Ll~bb 'U'Ufl'U b~1~ 
'II 'II d.I 'II 

s .ff 1.1~~11~~1wi'U b 'Vlf'lilf'lvl11.11a-~-:i bn1J1-t1G'U1a 1 'IJ.ff 'Ll"ll~1~f'l1111f b~v.:1~11~~ bf'lij 

d .Q.Q.I dd ii Q.J ti Q..I .ell i.I 

3. 4.1.1 ia1 fl ~1 b €1 fl ?11 'j bb '1~\11'U1"iltJVlbflti1'LJ€1\Ifl'Ufl1'j?\'j1 \I bb t:-.1'Ufl1 'j-;u Vl fl1 'j b 'j tJ 'U ~ 

Q..I' d ~ x Q.J I .::ii ~ I!' .d .c:il 

V1'1fl?l\>1'jfl1'jialfl~1'll'U~'U~1'U ~V1Mn':i1"tl 2551 fl~J.J?\1'j~fl1'jb 'jtJ'U'j1VJtJ1ia11?1\>1'j b 'j€J\l?IJ.JV\mf!J.J 
ClJ d.11 q , cu 'I 

.ff m1'utJJ.J~fl'l!f1lJ~ 5 
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3.4.1.3 rl1Vl'W~t:-H'lfl1'H1CJ'W~ "il~U1~6'1-'.!Afl1'H1CJ'W~ m~'IJ1'Wfl11"5'~fl11b1CJ'W~ ~elfl11 
'U , 'U 'U 

b1CJ'WTI 'Wbbl9i~~bdelVl11 ~6'1el~fl~el-:inu1't.J bb uum1"5'~m1b1CJ'W~~1 CJ'J f1"5' mfl11b1CJ'W~bb uu~u b6'11~ 5 
'U 'U 'U d.J 'U 

~'W (;.J 6'1iJ[;.J6'11'W nub 'Vlflilflvi'1'W1CJ-61~ brn1-el6u1CJ1 'W~'W-ut11CJ m1iJ~ 
" 

3.4.1.4 b~ CJ'Wbb(;.J'Wfl11"5'~n11b1CJ'WTI ~6'1el~fl~el~nu1't.J bbuun11"5'~m1b1CJ'W~~1CJ1' f1 
" " " ';,.J 

~ mfl11 b~CJ'W~ bb uu ~rn6'11~ 5 ~'W (;.J6'1iJ(;.J6'11'Wnu b 'Vlflilflvi'1'W1 CJ-61-:i bfl\91-el6u1 CJ1 'W~'W"UCJ1 CJfl11ii~ 
" " 

U1~flel'Ulii'1CJ 5 ~'W\9lel'W 11ii'bbfl 

1) ~'W6'1~1-:Jfl11iJ6'1'Wh (Engagement) 

2) ~'Ui:l111"il bb~ ~rl'WVl1 (Exploration) 1~ CJ~G'lel'W 1 in"il fl11ilfl11'Vl~~ el-:i1 'W 

Vli!-:i~m~CJ'W 11CJ1"1l1bfl~ b~ii 3 bbl9it11m'tJ1~CJfl\911.Unuel't.JflWJfl11'Vl~~el~"U'W1~b~flv16'11m1tiVl11~ 
' ' 

1 'WVlel-:J~'W b'ri'W 1-Um~~flelilbU'Wm~Vl~iJ'l"lmG'l~fl 1JJ~iJ'l"lm6'1~fl bb 'Vl'Wbb vi-:ibbn1fl'Wbb~~-u1~-u'W1~b~fl 
" ' 

3) 6'1~1-:if11el5U1mb~~moLJ'el6'11'tJ (Explanation) 

4) ~'W"UCJ1 CJfl11ii~ (Elaboration) 1~CJe.r6'1el'W 1-lin"il m1iim1'Vl~~el-:Jel~1-:i~1 CJ 
" " 

1'11 CJb'Vlflilflvl1'W1CJ-61-:J bfl\91-elCT'IJ1CJ (POE) b~el 1 ~i1m~CJ'W~fl11il b .LJ'1h1 mdelVl1v1 b~CJ'Willfl~'W bb~~~ 
fl11ilb -U1hii1 'Wii~v1fl-:J'Vl'W 

5) ~'Wfl11U1~bil'W(;.J~ (Evaluation) 

3.4.1.5 t11bb(;.J'Wfl11~ ~ fl11 b~CJ'W ~v16'1~1-:i~'W1~el1"il11~v1u~ n~1 bb~ ~ e.r bzjCJ1"U1ru " " ., 

3.4.1.7 111 bb(;.J'W m1~~ m1 b~ CJ'W -rl tJ1 i nui! m~ CJ'W fl~ii\911el~1-:i 
" ' 

1) bb(;.J'Wv11 fl11bU~CJ'Wbb'tJ~-:iv1iJ"Ufl61u11'1 

1.1) ~'W6'f~1~fl11il6'f'W 1"ilelii'lh1CJ fl11btl~ CJ'W6'f tll'W~"Uel~tl11 W:i11il"1l1~ 
CJ n1'11el~ 1~m1 b tl~ CJ'Wbb 't.J~~v1er'W n6lu 11'1 b ori'W m1~~~ 1 CJ"U el~tl1\911~'Vl11CJ1 m1'1~el'W"il'W6'111~ ~~1 CJ 

~ii\911 bb~~miii1m~CJ'W11 i1m~CJ'Wf1~11u5n~CJ1bfl~ci1'W1Vlt1]6'11m1tier'Wfl6lu11'i'Vl~el hi 
i.2) ~'Ui:l111"ilbb~~ri''WV11 i1m~CJ'Wv11n"iJm1iifl11'Vl~~el~b~el~ u5n~CJ1 

1~Vll1~6'111~~mCJflelUbUel{ (II) im~\9l(CuS04) fl'IJ6'111~~mCJm~1~1~1fl~el~fl (HCl) 61~bfl\9lbb~~ 

'l'T'W'Vi fl(;.J~ fl11'Vl~~ el~ 1~ CJv1fl1flelCJ61~ bfl \9lfl11'Vl~~el~"Uel~i1 fl b~CJ'W 'l"l~eliJ~~ 1 ~f11 bb 'W~t11i1 m~ CJ'W b~el 
" 

i1m~CJ'WiHlqiV11 
~ .:::. ii Q..I d I I .Q. 6' iJ' 

1.3) "U'Welli'IJ1CJbb~~~~"Uel6'11U 'Wflb1CJ'Wbb\9l~~fl~il 1bfl11~Vl"Uel~~"il1flfl11 

'Vl~~el~ elii't.J11mb~~~~.LJ'el6'11Ub~CJ1nu'tJ5n~CJ11~V111~6'111~~mCJ CuS04 bb~~6'111~~mCJ HCl 11 

bll'W'l.J5n~CJ1er'Un6lu 1~Vl~el 1d.J 61~bfl(9l"iJ1flel~ 11 bb~~6'11m1m~tJ'W6'1iim1-uel~'tJ5n~v11 u-V1~vi.w1bb~~ 
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{Jei'Wn~'lJ1~ Vj~m.J~-:i611m'rn'lJeinf111~bb\?ln~1-:i'a~,,,11-:itl{]n~CJ1~~'Wn~'lJhfaG'l~tl{]n~CJ1~'Wn~'lJ 
hJ1~ 

1.4) .ff'W'LJCJ1CJf111~f i.Tm1CJ'WvJ1n~m'a~ blue bottle reaction 1~m1-ti 
b Vlf1il f1vl1'W1 CJ-~'l bn\?l-eJ5'lJ1CJ1~CJ 1 ~,r n b1CJ'Wvl1'W1 CJ ~rn~ bn~~'W ~ 1 n n1'aVl~G'l el'l n el'W (.ff 'Wvl1'W1 CJ) bb~1 

"' i.Tm1CJ'Wvl1n1'aVl~G'lei'l ~-:ibn\?l~·.JG'ln1'aVl~G'lei-:i U'WVim.mm'aVl~G'lei-:i (oLJ'W~'lbn\?l) bbG'l~ei6'lJ1m.rnm'a 

Vl~G'leid1 b ,,,iJei'W,,,~ei~1-:in'lJ~v11'W1CJ H\?leimb 'an ( ~'Wei5'lJ1CJ) 

1.5) ~'Wtl 'a~ bi1'W tl'a~ bi1'Wi1 m~ CJ'Wvl1 bb 'lJ'lJ ~ n~~~ -:i bn \?l'l"j t\ ~ m'a~'LJru~ 

i.Tm~ CJ'Wv\'1m'aVJ~G'l ei-:i m'a11-:i bbt:-.J'Wm'aVJ~G'lei-:i eieimb 'lJ'lJ m'a1-:iu'WVint:-.JG'l m'aVJ~G'l ei-:i tl{]u~ m'a 

Vl~G'IB'l ~-:ibn\?l u'WVint:-.JG'l ~~m~v\'1-LJ'ei~G'l ibm1~~ ei.iltl'a1CJbbG'l~LJ1b61'WB \?l'a1~61B'lJn1'ab~CJ'W 
" 

'a1CJ'l1'Wn1'aVl~G'leJ'lb~eJ'l tl{]n~CJ1WWJ1'l611'aG'l~G'l1CJf1eJ'lJbUBi (II) im'VJ\?l (CuS04) tl'lJ611'aG'l~G'l1CJ 

m~1®'1~'af1G'lei~n (HCL) bbG'l~m1~61B'lJn1'ab~CJ'Wbb'lJ'lJU'WVinn~m'a~ blue bottle reaction 
' ' ' 

2) bbt:-.J'WVi 2 m'abtl~CJ'WbbtlG'l-:iVim1~61~~G'l 
' 

2.1) .ff'W61~1'lf111~61'Wh mtl1'LJ1~ 21'lJ b'lJ,,,~-:i1~J1bb~1~il~1tJ~ ~n1'lJ 
" 

,_,,~-:iil~1ll~61ilmb~Tw11 tl-eJ'Wtl'a~~1ru 5 'W1Vi1 ~i!m~CJ'W~'l bn\?l'a~~'lJ'LJei-:iJ11 'W'LJ1~~-:i61ei-:i11ilm'a 
' 

btl~CJmbtlG'l-:i,,,~ei 1~ m~i.Tm~CJ'W11 i.Tm~CJ'W~~11J11'W'LJ1~1,,,'W~bn~.n11~61~~G'l bbG'l~m1~61~~G'lil 
' ' 

"' "' "" 1 d "' chromate-dichromate equilibrium ?l'lbn~lbbG'l~'lJ'WVlnt:-.JG'ln1'aVl~G'leJ'l ~CJVlf1~f1eJCJ61-:Jbn\?lm'a 

Vl~G'IB'l'LJei-:ii.Tn b~CJ'W Vj~ei~~-:i 1 ~r11bb 'W~L11i.Tn b~CJm~eii.Tm~CJ'Wiluqim 
2.3) ~'W ei6'lJ1 CJbbG'l~G'l 'loLJB61'atl i.T m~ CJ'Wbb~ G'l~ n~ ~ 1 bf1'a1~~-rr ei~G'l~1 n 

' ' " 
n1'aVl~G'leJ'l ei.iltl'a1CJ bbG'l~G'l'loLJB61'atl b~ CJ1 fl'lJ f\~ nJ'a~n1'aVl~G'l ei-:i b~B'l chromate-dichromate 

' 
equilibrium bbG'l~ .fl11~?l~~G'l~'l b U'W.fl11~'(JeJ'l'a~'lJ'lJ~il'5\?l 'a1 n1'a b tl~ CJ'Wbb tl~M 1tJ-LJ'1'1,,,~ 1 b vh nu -5 m1 

m'a b tl~ CJ'Wbb tlG'l-:i{J ei'W n~u ~?f~~G'l ~~il611'a~-:il'i'mbG'l~t:-.J~\?l.n ru6ViVJ n'Uil~ 1~ CJVl'a1U 1~~1nm'a\?1J1~61B'lJ 
' ' 

beleleJ'W~il'l'W?f1'aG'l~G'l1CJ 
2.4) .ff'W'LJCJ1CJf111~f i.Tm~CJ'Wv11n~m'a~ Dynamic equilibrium 1-ti 

b Vlf1tJ f1vl1'W1 CJ-~-:i bn \?l-ei5'lJ 1 CJ 1~ CJ 1 ~,r n b~ CJ'Wvl 1'W1 CJ t:-.JG'l~ b f\~~'W ~ 1 n m'aVl ~G'l ei-:i nei'W (,fr'Wvl1'W1 CJ) 

bb~1i.Tm~CJ'Wvl1n1'aVl~G'lm ~-:i bn\?lt:-.JG'ln1'aVl~G'leJ'l U'WVint:-.JG'ln1'aVl~G'lei'l ( .fr'W~'l bn\?l) bbG'l~ei6u1CJ t:-.JG'l m'a 

Vl~G'l ei-:i11b,,,iJmm~ei~1-:inu~v11'W1CJ 11 \?l eimb 'an (.ff 'Wei6u1 CJ) 

2.5) .fr'Wtl 'a~ biJ'W tl'a ~ biJ'Wi! m~ CJ'Wvl 1bb U'lJ ~ n~~ ~-:i bn\?l'l"jt\~ m'a~'LJ ru~ 

tl'm~CJ'Wvl1n1'aVl~G'l ei-:i m'a11-:i bbt:-.J'W m'aVJ~G'lei-:i eiei mb 'lJU \?11'a1-:iu'WVi nt:-.J G'l n1'aVl~G'lei-:i tl{]u~m J 

Vl~G'IB'l ~-:ibn\?l u'WVint:-.JG'l ~~m~vh-LJ'ei~G'l lbf1'a1~~ ei.iltl'a1CJbbG'l~'Ll1b61'WB \?l'a1~61BUn1'ab~CJ'W 
" 
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.d q Q..I l:::R 

11tJ.:i1'Wfl11'VW\~eJ.:ib 1m chromate-dichromate equilibrium bb~ ~1?111'0J?!eJ'IJ fl1Wll tJ'Wbb 'IJ'IJ'IJ'W'Vl n 

n-o;im1:w Dynamic equilibrium 

3) bbe.J'W~ 3 ?i:w~~1mJ5n1mbriiJ 

3.1) ~'W?1~1.:im1:W?1'Wh ri11 vh!m~tJ'W~1&i1e:i fl11bn~tJnn1m1~Vll1.:i 
'U 'U -:.J 

bn~~'WVl~e:i hJ bb~~tim~tJ'W'OJ~i116'Vl~?!e:iue:i ~1.:i 11 

3 .2) ~'W~111-o;i bb~~ A'W'Vl1 ti m~tJ'Wvl1 n-o;i m1:w fl11'Vl ~ ~ e:i.:i b~e:i.:i fl11'Vl ~?I e:iu 

m1~?1:w~~1~Vl11.:i 1e:i1e:ie:i'W (Ill) 1e:ie:ie:i'W (Fe
3
+) bb~~1e:i1e:ie:i'W (II) 1e:ie:ie:i'U (Fe 

2
+) 61'.:ibnl?lbb~~u'UVine.J~ 

fl11'Vl~~e:i.:i 1~ tJ~f)'jf)eJ tJ61.:i bnl?l fl11'Vl~mw1.1e:i.:itin b~tJ'W 'V'l~eJ:w~.:i 1 Vf r11 bb 'W~i11ti n b~tJ'W bne:iti n b~tJ'UiJ 
'U 

U11JVl1 

'Vl~~ e:i.:i e:i.iltJ 11 tJ bb~ ~ ~.:i.U e:i ?11tJ b~ tJ1 nu n-o;i n 11:w n 11'Vl~~ e:i.:iti n b ~ tJ'W'Vl11u16~ -o;i ~'Vl ~" e:iu 1 e:i e:i e:i'W bb~ ~ ~ 
' 

6/J'Ll~ 1'W.fl11~?1:W~~1~ 
' 

3.4) ~'W"lltJ1tJri11:wi tim~tJ'Wvhn-o;im1:w tJ5n1tJ11~Vl11.:i FeS04 bb~~ 
AgN03 1-U b 'Vlriilriv11'W1tJ-61.:i bnl?l-e:JTI'IJ1tJ 1~tJ 1 Viti m~tJ'Wvl1'W1tJe.J~~bn~~'W'OJ1nm1'Vl~~e:i.:ine:i'W (~'W 
vl1'W1tJ) bb~1tim~tJ'Wvl1fl11'Vl~~e:i.:i 61'.:ibnl?le.J~fl11'Vl~~e:i.:i u'WVine.J~fl11'Vl~~e:i.:i (~'W61'.:ibnl?l) bb~~ 

e:i5u1tJe.J~ m1'Vl~~e:i.:i11bVli1e:i'WVl~e:i~1.:inu~v11mtJ111?1e:imb 1n ( ~'We:i5u1 tJ) 

3.5) ~'WtJ 1~ bil'W tJ 1~ biJ'Wti m~tJ'Wvl 1 bb uutl n~~~.:i bf11?l'V'I~~ m1:w"1.lru~ 

ti m~ tJ'Wvl1 fl11'Vl ~~ e:i.:i rn 111.:i bbe.J 'W fl11'Vl ~~ e:i.:i e:ie:i nbb 'IJ'IJ 1?1111.:iu'WVi n e.J ~ fl11'Vl~ ~e:i.:i tJ nu~ fl11 

'Vl~~e:i.:i 61'.:ibnl?l U'WVine.J~ ~~m~vh-Ve:i:w'1 1bm1~~ e:i.iltJ11mb'1~i11b?l'WeJ l?ln'OJ?!eJ'\Jfl11b~tJ'W 
'U 

11tJ.:i1'Wfl11'Vl~~eJ.:ib~eJ.:ifl11'Vl~?leJ'\Jf\11~?1:W~'11~Vll1.:i 1e:i{e:ie:i'U (Ill) 1e:ie:ie:i'W (Fe
3
+) bb'1~1e:i{e:ie:i'U (II) 

' 
1e:ie:ie:i'W (Fe 

2
+) bb'1~m1-o;i?1e:iurn1b~tJmbuuu'UVinn-o;im1:w u5n~tJ11~V111.:i FeS04 bb'1~ AgN03 

.c:::i ii ii 1 

4) bbe.J'W'Vl 4 e.J'1'tJeJ.:if111:Wb61.J:W"ll'Wl?leJ.fl11~?1:W~'1 
' 

4.1) ~'W?1~1.:iri11:w?1'Whri1tJ n\911e:i~1.:i?1tn'Wrn1ru1 'W~11?1tJ1~··hfo b'li'W 
'U 

rn16/J.:i rn bb vi b ~e:i m~ ~'Wm1:w A~"ll e:i.:iti m ~ tJ'W 1~ m:n:w ti m~ tJ'Wti m~ tJ'W A ~11'11~ e:i.:i rn11 Vim bb vliJ1?1 
' 

61.J:W tim~tJ'W'OJ~1?ie:i~ 11we:i~~"~ '11~e:i.:irn11 Vfrnbbvlih?!Vl11'W tim~tJ'W'OJ~ 1?ie:i~ 11btJeJ~~?!~ ri11:w 
' ' 

boLJ':w.LJ''W"1.1e:i.:irnbbV'IVl~mY11?11'1m?i i1e.J'1~e:i1?16/J1~"1.1mmbb V'IVl~e:i 1~ bzje:i:w 1tJ.:inum1~?1:w~'1 '11 b ~:wVl~e:i 

'1 ~m1:w b .LJ:w.LJ''W"ll e:i.:i?111~.:i~'W'OJ~i1e.J'1e:i ~1.:i 11~ e:im1~?1:w~'1 
4.2) ~'W~111-o;i bb~~~'W'Vl1 ti m~tJ'WVi1n-o;i m1:wm1'Vl~'1 e:i.:i b~e:i.:im1 b tJ~ tJ'W 

m1m-V:w.LJ''W~e:J.n11~?1:W~'1 1~Vl11.:i Fe
3
+ bb'1~ SCN- 61'.:ibnl?lhb'1~U'WVine.J'1fl11'Vl~'1eJ.:i1~tJ~ri~rie:itJ 

61.:i bnl?l m1'Vl~'1 e:i.:i"ll e:i.:iti m~ tJ'W 'V'l~e:i:w~.:i 1 Vf r11 bb 'W~i11ti m~ tJmrie:iti m~ tJ'Wi1u 11J'Vl1 
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'Vl~mM e:iiltJ'.11 t.J bb61 ~m-:i.U eJ?l'.J'lJ b~ t.11 nu fl"il tl'.l'.J:Wfl1'.J'Vl~61eJ'l~'I fl1'.l b tJ~ t.J'U bb D61'1fld1:W b .U:w.LJ'mJeJ'l?l1'.J 
' 

~-:i ~ 'Uvl 11~fl11 ~ ?l:w ~ m tJ ~ t.1'LI1 tJ b~ e:i '.l~u rn -if 1?i.fl11~?l:w~61 ~fl fl~ -:i fl11m -ii':w-ii''U'V e:i -:i?11'.l ~ 1-:i ., 
" " , I 

I 11 ii' <::::::. d 
ru m1~?1:W~61 "il~ bb\91 fl\911'1"il1flfl11:w b 'V:W'V'U b~:W'Vlm1 ~?l:W~61 

' ' 
4.4) ~'U'Vt.11t.1m1:wi tl'm~t.1'Uv11n"ilm'.l:w ?1:w~61bfli1'.l~V111-:i [Co(H2o)i+ 

bb61~ [CoCli-1-u b 'VlfltJflvll'Ult.1-6"-:i bfl\91-eJTI'Ul t.J 1~t.11 ~Uflb~t.J'Uvl1'U1t.1~61~bn~~'U"il1flfl1'.l'Vl~61eJ'I 

ne:i'U ( ~'Uv11'U1 t.1) bbii'1tl' m~t.1'Uv11 m'.l'Vl~61e:i-:i 6"-:i bfl\91 ~61 fl1'.l'Vl~61 e:i-:i u'UVifl~61 m'.l'Vl~61e:i-:i ( ~'U6"-:i bfl\91) 

bb61~e:i5u1t.1~61 m'.l'Vl~61e:i-:i11bV1iie:i'UV11e:i~1-:inu~v11'U1t.111\91e:i'Ubb '.lfl (~'Ue:i5u1t.1) 

4.5) ~'U'lJ '.l ~ bll 'U tJ '.l~ bll'Utl' m~ t.1'Uvl1 bb u u !J fl~~ 6" -:i b fl \91 'V'l ~ ~ m '.l:W 'V ru ~ 
tl' m~ t.1'Uv11fl1 '.l'Vl ~61 e:i-:i m'.111-:i bb~'U fl 1'.l'Vl~ 61 e:i-:i e:i e:i mb u u \911'.l1-:iu 'UVi fl~ 61m'.l'Vl~61 e:i -:i tJ 5u~ m '.l 

'Vl~ 61 e:i -:i 6" -:i b fl \91 u 'U Vin~ 61 ~ ~ m ~ v11-ii' e:i :w61 1 bfl '.11 ~~ e:iiltJ '.11 t.Jbb61~tl1 b?l'U e:i \91 '.11 "il ?l e:iu fl1 '.lb~ t.J'U 
" 

'.11 t.1'11'U fl1'.l'Vl~61eJ'lfl1'.l b 'lJ~ t.J'Ufld 1:w b .LJ':w.LJ''U~ e:im1~?l:W~61 '.l~'Vll1'1 Fe 
3\b61~ SCN- bb61 ~\91'.l1"il?leJ'U 

' 
.:;iii CV d ..::::., ii 11 I 2+ 2-

fll'.l b 'V t.J'U bb 'U'U'U'U'Vlflfl"il tl'.l'.l:W ~61'VeJ'lfl11:Wb'V:W'V'U\91eJ.fl11~?l:W~61'VeJ'I [Co(H20 )6] bb61~ [CoCl4] 

d CV 41 

5) bb~'U'Vl 5 ~61'VeJ'lfl11:w~'Ubb61~e:iruV1.fl:W\91e:im1~?1:w~61 
' " ' 

5.1) ~'U?1~1-:im1:w?1'Uh fl'.lt11J1bb~,nl1bb~'I 1 ti'e:i'U 1?1111 'U'V1~bbtl1~i1 
" 

m:wtl' m~ t.J'U~ e:i11 tl' m~ t.J'U fi~11li'1 b tJ~ t.1'Um1:wli1'U bb61~e:i ru'Vlflll"V~i1~61~e:i.fl11~?1:w~61V11e:i11J mh-:i 1 '.l 
' " ' v ' 

5.2) '1T'U'11'.l1"il bb61~fl'U'Vl1 ,r m~t.J'Uvl1 n"il fl'.J'.J:W fl1'.l'Vl~61 eJ'I b1e:i-:i fl1'.J~mn 
CV .::r.d-=::ii I I CV CV d 

~61'Ve:i-:im1:w~'Ubb61~ e:iru'VI .fl:W'Vl:W\91eJ.fl 11 ~?l:W~61 '.l~V111-:i N 204 bb61~ N02 ?l-:i bfl\91bb61 ~'U'U'Vl n~61 fl1'.l 
' " ' 

'Vl~61e:i-:i1~ t.J~fl'.l fl e:i t.16"-:i bn \91 m'.l'Vl ~61 m'V e:i-:itl' n b~ t.i'U 'V'l ~e:i:w~-:i 1 ~r\'1 bb 'U~t11tl' n b~t.J'U b~ e:itl' m~ t.i'Liiiu rum 
" v 

4 i/ d Q..I <::::::. I V .::::O.d I 

'Vl~61 e:i-:i e:imh 1 t.1 bb61 ~61'l'VeJ?l'.l'lJ bn t.11 nun "il m'.l:w n1 '.l'Vl ~61 e:i-:i 11 fl11:W~'U bb61 ~e:iru'Vl.fl:W:W~61\91e:i.fl11 ~ 
' ' " 

?1:w~61e:i~1-:i1 Tu1-:i 
' v 

5.4) '1T'U'Vt.11t.lfl11:Wi tl'm~t.J'Uvllfl"iltl'.l'.l:W Carbonate softdrink bb61~ 

n"ilfl'.l'.l:W?l:W~!;l'.l~'Vll1'1 [Co(H20)6J2+ bb!;l~ [CoCli- 1~t.i 1-ff b 'VlfltJflvll'Ult.1-6"-:i bfl\91-eJTI'Ult.11~t.i 1 ~ 
' 

irm~t.1'Uv11'U1t.1~!;l~bn~~'U"iJ1nm'.J'Vl~!;le:i-:irie:i'U (~'Uv11'U1t.1) bb~1irm~t.1'Uv11m'.J'Vl~!;le:i-:i 6"-:ibn\91~!;lm'.l 

'Vl~!;le:i-:i u'LIVin~!;l m'.l'Vl~ml'I ( ~'U6"-:i bn\91) bb!;l~e:i5u1t.1~!;1 m'.l'Vl~!;le:i-:i11bV1iie:i'LIV1~e:i~1-:inu~v11'U1t.1 H 

\91eJ'Ubb'.ln (~'Ue:i5u1t.1) 
5.5) ~'U'lJ'.l~ bll'U tJ '.l~ bll'Utl'm~ t.J'U"il1 nv11 bb uu !l n~~6"-:i bfl\91'V'l~~ tl'.l'.l:W'Vru~ 

irm~t.1'U'V11 n1'.l'Vl~!;le:i-:i m'.111-:i bb~'Ufl1'.l'Vl~!;le:i-:i e:ie:i mb uu \911'.11-:iu'UVin~!;l n1'.l'Vl~!;l e:i-:i LJ5u~ m'.l 



. 
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';i1f.J\11'Wfl1';i'Vl(9)~eN fl1'j~mrn .. m'tle.i.:im1:w~'Wbb~:::e.iruvi.n:WV1ii~e.im1:::?1:w(9)~';i:::vt11.:i N20 4 bb~::: N02 
' " ' 

bb~:::\?l';i'd'<il?le.JU fll';ib :Ut1mb uu'IJ''WVin n'<il f)';i';i:IJ Carbonate softdrink bb~::: n'<ilm';i:W?\:W(9)~';i:::Vll1'1 
' 2+ 2-

[Co(H20)6] bb~::: [CoCl4] 

3.4.2 bb uu'Vl~t=teiu1~f11111boif11'111 l u11~'V11.:i1'Vlfl1f11t=t(;li b~ei.:it=111~mflij • 

1111 LJ?t~l'I bb 'U'LJ'Vl(9)?\e.J'U bb61'1?1~1'1\?11';i1'1l bfl';il:::~"il'l'W'd'W.if e.J?te.J'U~'W ~'I bb?f (9).:J 1 'W\?11';i1'1~ 3.2 

3.4.2.3 ?1~1-:Jbb 'U'LJ'Vl(9)?\e.J'Ul(9)fld1:Wb .if 1 h:w b 'U:W~'Vll'll'Vltlliall?l\?1~ b~e.J'I ?f:IJ(9)~ bflii"i\'1'U'd'W 
' 

40.ife.i1~ii.ife.im:iu1'W';i:::~Ufl11:1Jb.if1h fl1';itJ11'\J1-ff bb~:::fll';ilbfl';il:::~ \?11:W Bloom's Taxonomy 

bb'U'UU';ii!t1"1J'W(9)~'db~e.Jn 2 ~l~'U~'U (2-tier multiple choice conceptual test) "il'l'W'd'U 40 .ife.i 

b(9)tibb'U'LJ'Vl(9)?fe.JU'\J';i:::ne.iu~1t1 2 ci1'U ci1'W~V1~'1bU'W 2 bb~::: 3 ~'db~e.in ci1'W~?le.J'lbU'WbV1\?1~·mii 
' 

4 ~'db~e.in 

3. 4.2.4 111 bb 'U'LJ'Vl(9)?\e.J'Ul(9)fld1:1Jb .if 1 h:w b 'W:W~'Vll'll'Vl ti liall?l\?1~ ~?l~l'l~'U b?l'U e.J~e.J 
e:i1'<ii1 ';i ~ ~'\J~ m~n bb~::: ~ b zj tld"ll 1 ru \?1 ';i'd '<ii ?I e.iu fl'd l:W\?l';i .:i b '11 .:i b .Q' e:ivi1 '<ii (9)'\J ';i::: ?1'1 r1 fll'j b~ tl'W~ bb~ :::m1:w 

\I v .. 'U 

b vim:::?t:w'tlm.n1~1 vi1~1~"lltJfl11:w?f e.i(9)fl6le.i.:i';i:::V!'-J1.:ir\'1m:w'1le.i.:i bb UU'Vl(9)?f e.J'Ul(9)fl11:W b .LJ11'<il:w 1 'W:w~ 
' ,, ' 

'Vl1'1l'Vlt11iall?l\?1~nu'<il(9)'\J';i:::?\'lrlfl1';ib~tl'W~ b~e.JfloLJe.J?le.JUVliJ~1 IOC ~'lbb~ 0.5 ~'I 1.00 ~'lbb?l\91".lll 
' " 

'<iJ(9)th:::?t.:iri fll'jb~tl'W~,Y'Wl \911~me:iufl~:Wln\?1';i:01'Wfl1';ib~tl'W~ bb~:::?ll';i::: fll'jb~tl'W~ ii bnruo/irn';i 1 ~ 
q 'll , d.9 'U \I ,, 

., "" fl:::bb'U'U(9)'1'U 

1 ~fl::: bb 'W'W + 1 bdmb 'W l'<il11.if e.i?te.iu,!'W?le.J(9)fl~eNnu'<iJ(9)'\J';i:::?1.:iri'm'jb~t1'W~ 
' " 

1 ~fl:::bb 'W'W o bde.i 1iJ bb 'W l'<i111.if e.i?te.iu,!'W?fe.J(9)fl6lei,:inu'<il\91'\J';i:::?1.:iri'm'jb~t1'W~ 
' " 

1 ~fl:::bb 'W'W -1 bdei 1iJ bb'Wl'<il11.if e.i?te.iu,!'W?le.Jl91fl6l'e.i,:inu'<ill'1'\J';i:::?1.:iri'm'jb~t1'W~ 
' " 

3.4.2.5 tJ1bb'U'LJ'Vl(9)?fe.JU~1~LJfoLJ1.:ibbITT'1Jbb~'d "il'l'U'd'U 40 .ife.i LU'Vl(9)~e.J'l1inui!m~tl'U 

';i:::~u~'Wii'lm:w~n~1ll~ 6 h.:ib~t1'W?l\?1~t1:::m nzj:w~ 1 ~bflm~t1'Wb~e.i.:i?t:wl')mflii:w1bb61'1 "i\'1m'W 30 fl'W 

b(9)t11.ffnm1'Wfl1';ivlloLJeJ?teiu 90 'W1Vl 
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' " 
tnn (p) fl1eJTtn'il"il1bb'\.Jn (r) bb'U'U'Vl\91?fB'U11tJoLJB bb~1b~BnoLJB?IB'UViih~11i''UA11l.Jtnn (p) l'i'\lbb~ 

" 0.2-0.80 iir11tl11..11'<il"il1bb'l.Jn (r) l'l\lbb~ 0.25-0.73 

3.4.2. 7 tl1-LJ'e:i?te:i'U~b~e:irnb~1"ilTuTu 30 -LJ'e:i 1 LJ1-if nuirrn~m.Jw\1lu~'U:W'utJl.l~m~1tJ~ 6 

bd\lb~tJ'UMl~tJ~6'11 n~l.J~ 2 ~bl°lt!b~tJ'Ub~fl\I ?fl.J~~bfliil.Jlbb~1 liJ1'U1'U 30 l°l'U Bnl°l~\ltl'Ub~flVl1fl1 
' ' I I I.I I I I 

1°111l.Jb~B:W''U"Ufl\lbb 'U'U'Vl\91?ffl'U~\IUD'U 61J'liifi1rn1l.lb ~e:i:iJ'W (Reliability) bvlltl'U 0.80 

3.4.2.8 tl1bb 'U'U'Vl\91?1B'U~ bbnl -u'IJ~uth\lbb~1 1 U'Vl\91~B\lnuirrn~tJ'Un~l.l1'11e:i81\I 
' ' 

Q,I drv o II 

i1hl~ 
\il1"!11~ '<il1'U1'U"l.leJ~eJ'U 

d 
b 'aeJ~ 1°111~ 

ihhl1"!1 ... ~ d11 d 
~eJ'U 1 bfl'a1~'YI 'Vl\ileJ~nl'a 'Vleiein 

b'li1b'<il 

1. nT~bU~tJ'UbbUm~e'.r'U 

n6lu1Jl 
2 3 1 1 5 5 

d d 
2. m1b'IJ~tJ'UbbU~\l'Vlm1~ 

2 3 1 1 5 5 
?fl.J\91~ 

' 
3. ?fl.J~~1'W'IJl)fi~tJ1bflii 2 1 1 3 5 5 

., ., ' 
4. e..J~"Ufl\lfl11l.Jb"Ul.J"U'U\91B 

2 - 1 4 5 5 
.fl11~?f&J~~ 

' 
5. e..J~"UB\lfl11&Jl1i''Ubb~~ 

4 2 1 7 10 10 
e:iruV1.ni1m1~?1&J~'1 

' '\J ' 

11l.J 12 9 5 16 30 30 

II 
30.00 16.67 53.33 100.00 100.00 'aeJUli'I~ 

0 A d ii 

3.5 m-a~1b'U'Un1'abntJ-a1u-a1~"l.leJ\jli'I 

1 'W ni11 ~ tJ A~ \Id ~1~tJ1Jl~1 b 'Ll'U ni1'Vl \91'1 e:i \lnuir rn~tJ'U~'W:Wu tJ&J ~ m~1u~ 5/ 1 bb'1 ~ 5/7 
'\J 

.flll°lb~tJ'U~ 2 um1~m~1 2557 bd\lb~tJ'U?f\91~tJ~m ~1'U1'U 53 l°l'U 

3.5.1 'Vl\91?1B'U nfl'Ub~EJ'U (Pre-test) 1 'Wn~&J~1e:i81\I faEJ 1 ~irrn1EJ'Wvl1bb 'U'U'Vl~?ffl'\Jl~fl11&J 

b ·ih t'<il&J 1'W&J~'Vl1\ll'Vltn~1?1\91{b~B\l?f&J~'1 bAii 1il1'U1'U 30 -ifo 1offnm1 'Um1v\'1.Ve:i?te:iu 90 'WTVl 
' 
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3.5.2 ~1 b tJiJ nT;i~ ~fl~ n ';i';i~ n 1 ';i b~ CJiJ v~ CJ 1offn1';i~ ~ n 1 ';i b~ CJ iJ i ~1CJ-J'{]~n';in1 ';i b~CJ iJ i bb '\J'\J 

~'\J b6'11~ 5 .ff iJi;..J6'1~ i;..J6'11iJn'\J b Vll"l'Wl"lv11iJ1CJ-~\lbn\91-ei6u1CJ1 iJ.ff iJ6tJCJ1CJl"l11~-r \911mbi;..JiJ n1';ib~CJiJ-r~ 
'U 'U 

6'1-r1\IH 5 bbi;..JiJ ';i1~b1mb~CJiJ 12 .rr11~\I .fl11"lb~CJiJ~ 2 tlm'jPimn 2557 

3.5.3 Vl~6'1eJ'\JV!Gl\I b~CJiJ (Post-test) 1 iJ n~~(?)1ei ~1\1 1~ CJ 1 Vt'1! m ~CJiJvl1 bb '\J'\JV1~6'1eJ'IJ1'~m1~ 
' 

~1b~ein 1.ffnm1iJm'jv11-Uei6'1ei'\J 90 mVi 

3.5.4 bdm1'11~1iJhJ 30 1iJ Vl~6'1eJ'IJV!Gl\lb~CJiJ~nl"l~\11iJn~~~1ei~1\ll~CJ1Vt'1!m~CJiJvl1bb'\J'\J 
' 

0 " "" n1';iV116tl€16'1€1'\J 90 iJ1Vl 

A1\91€1'\J bb'1~L111°11\91 eiu~1~m~ ~~1 bb iJ n n~~\911~'j~~'\J m1~ b i1h~1 iJ~~Vl1\llVl CJ1Pl16'1\91~ 1~ mb D\I 
' 

eieimlliJ 3';i~~'\J1~bbn ~liJ~~~n~ei\I (Good conception) ~liJ~~l"lm~bl"l~€liJV!~€1~liJ~~ 

Vl1\lb~ein (Alternative conceptions) bb'1~~~fo~~~~ (Misconception) ('\.JfotJ1\1~1n Marek et al., 

1990) ~\l\911';i1\1Vi 2 

(Good conception) 

~ liJ~~l"l'11~bl"l~€liJV!~€1 

~ fo~~Vl1\lb~ein 

(Alternative conceptions) 

(Misconception) 

2 l"l~bbiJiJ 
,, 

\91€1'1.Jtl m1\1~1 b~eimb'1~b V!\91(;..1'1 
'U ' 

1 l"l~bbiJiJ 

0 l"l~bbiJiJ 
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h!B6'fi~~fltl'U (Dependent sample t-test) ~i~~'Utl'CJ6'11r1111vi1-:16'fi1~ 0.05 

3.6.2.2 b LJ~CJ'U bVlCJ'\J"j:;VJrJ1'1fl~bb'U'U'Vl~'lb~CJ'Ubb~:;fl~ bb 'U'Ufl11ilfl'IVl'U"1IB'lil b 'Uil~1 'Uf1~lJ 
' 

~1fl~1'1 1~CJf11i1 bm1~~~1 CJ6'f i1~ri1V1 bb 'U'Uf1~i1~1ei~1-:11~B6'f i~~ei tl'U (Dependent sample 

t-test) ~';i~~'Utl'CJ6'11r1111vi1-:16'fi1~ 0.05 

3. 6.2.3 blJ~CJu b VJCJ'U~eiCJ~~"llei-:iii 1 'Liii~nei'Ub~CJ'U 'Vl~'lb~CJ'Ubb~~fl11iifl-:ivi'U"lleJ'li11 'Uii~ 

vi1-:11VJCJ113116'f\91{ 1 'Lin~ii~1ei~1-:i 1~CJ~1bb'Uf1b U'UiJ b 'Uil~~mwi'ei-:i flm~bfl~fl'Ubb~~~~ 1~CJ 1'1J6'f~~ri1 
' " 



.. . 

. . d 
'U'Vl'VI 4 

~·rnn1'j1"5'£J bb~:::Bfith1£J~~ 

4.1 fl::bb'U'Ufll11:1.JbeV1 blil:l.J h!:1.J~V11.:i1V1mrt1~\9li 

fl11~ fl~1fl:::: bb 'U'Ufn1:W b oLJ1h:w1'U:w~Vl1\llVl t.J 11"11?1 ~~ri tl'Ub~ t.J'U Vl~\l b~ t.J'U bbr;'l:::: fl11:Wfl\lVl'U'1JeJ\l 

:w fo:w~'1Je:i\l11 m~t.J'W~ b~t.J'W~1t.J1!]~mfl11b~t.J'W~ bb uu~u b?11:::: 5 ~'LI ~?1:w~?11'Unu b VlfltJflvl1'W1t.J

i1 \l bfl ~ -e:i5u1t.J1'W~'W'LJt.J1 t.J fl11:w ~ b~eJ\l ?l:w~r;:i bfl~ ~1 ~ t.J1bf\11::::~-LJ'e:i:wff'il1 fl bb uuVJ~?le:iu bb umh11t.J 
'U "I 'U 'U 

'1JtJ~l'i'1b~eJfl?ltl\l~1~'U~'W (two-tier multiple choice conceptual test) '<i11'Wl'W 30 -LJ'e:i ~\l.Q 
4.1.1 nT~bmEJ'UbViEJ'Ufl::bb'U'Ufl11:1.JbolJ1bli!:l.J b'U:l.J~'Vl1.:J1'VIEnf11~\91-jfieJ'Ub~EJ'U 'Vi~.:Jb~EJ'U bb~::fl11:1.J 

' v v 

fl.:J'Vl'U"llv.:i:l.J b'U:l.J~ b'iv.:i~:1.Jl9l~bflii bb uu~.:ii''U b'iEJ'W • 

?I~~ rlTVl (t-test) b ~m tl~t.J'U b -VJ mrn:::: bb 'W'W:W 1 'W:w~ rie:im~t.J'W fl:::: bb 'U'W:W 1 'W:W~Vl~\l b~t.J'Ubbr;'l ::::fl:::: bb 'W'W 

fl11:Wfl\lVl'U'1JeJ\l:W fo:w~ ~1 t.Jfl11Vl~?leJ'Url1'Vlbb 'U'U fl~:w\911e:i ~1\l 1:JB?l1::::~ e:i n'U (Dependent samples 

t-test) 1~-LJ'e:i:wr;:i~\lm11\l~ 4.1 
'\J 

fleJ'Ub'iEJ'U'Vi~.:J b'iEJ'Ubb~::fl11 :l.Jfl.:J'Vl'U"lleJ.:J:l.J b 'U:l.J~ b~eJ.:j~:l.Jl91~ bflii 
' 

(fl::bb'U'Ub~:l.J 60 fl::bb'U'U) 

fl::bb 'U'U:l.J b 'U:l.J~ Mean SD ~~~1.:Jfll1bu~EJ (SD) t p 

' .. 
22.23 fl tl'Ub 1tJ'U 4.13 . 

14.07 (7.37) 13.90 .000 
., .. 

36.30 Vlr;'l\lb 1tJ'U 5.61 

0.21 (7.29) 0.21 .084 
fl\lVl'U 36.51 9.20 



/ 
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·<1nnnT~i1 bfl':il:::~fl::: bb'U'W:W fo:w~ rieim~ ffU Vl~-:i b~ tJ'W bb~::: fl::: bb 'W'Wf111:Wfl-:J'Vl'W'1JeJ-:i:w fo:w~ 

v'fu11 irm~tJ'WiJfl:::bb'W'Wbu~tJrieim~tJ'WbU'W 22.23 (SD 4.13) bb~:::fl:::bb'W'Wbu~tJVl~-:Jb~tJ'WbU'W 36.30 

(SD 7.13) 1111tJfl:::bb'W'Wbu~tJVl~-:ib~tJ'W6'1-:in11rieim~tJ'W 14.07 fl:::bb'W'W fi111bll'W~eitJ~:::m1:wn11V1if1 
" 

bvllfl'U 23.4 7 bdei~n~1m1:wfl-:J'Vl'W'1JeJ-:J:W fo:w~V16l-:i"i11nnm~1'Wl tJ 30 l'W 'V1'Ul1irm~tJ'WiJA:::bb'W'W 

m1:wfl-:J'Vl'W'1JeJ-:J:W b 'W:W~bu~mlJ'W 36.51 (SD 9 .20) "il1nn1':i'Vll116'feJ'UA1Vlbb 'U'Un~:w~1ei~1-:il~~6'l':i:::~ei 
' 

n'U 'V1'Ul 1ir n b~ tJ'WiJ:w b 'W:W ~Vl6l'-:i b~ tJ 'W 6'1-:J n11 ri eJ'U b~ tJ 'U bb~ n~ 1-:i ntl ei ~ 1-:iiJirtJ~1 ~ru'Vl1-:16'1~ ~~':i::: ~'U " ~ 

0. 05 bb~ :::fl::: bb 'U'W:W b 'U:W~Vl6l'-:J b~tJ'U b~ bb~ n~l-:Jtl'U A::: bb 'U'Uf111:Wfl-:J'Vl'U'1JeJ-:J:W b 'W:W~eJ ~1-:JiJiJtJ~1~t1j'Vl1-:J 

6'f~~Vl':i:::~'U 0.05 

4.1.2 nT:ibmt1'UbVit1'Ufl:::bb 'U'Ufl'J1:Ub oU1b"il:U1'1J:U~'Vl1.:J1'Vlt11fl1~~{fiei'Ub~UU 'Vi~ .:J b~tl'U bbfil:::fl'J1:U 

fl.:J'Vl'U°lleJ.:J:U lu:u~ b~eJ.:J~:U~ fil bflii bb 'U'U'a1tlb dei'Vi1 
' 

bd el~ "ii 1'HU1 fl::: bb 'U'U fl11:W b oLJ1b"iJ:Wb'U:W~'Vl1-:Jl'Vl tJ 113116'1~1 ri eJ'Wb ~ tJ'lJbb~ :::Vl6l'-:J b~ tJ'U b~eJ-:J 

6'f:w111mfliJ~-:iV1:w111 5 b~m l~bbri b~eJ-:Jn1':ibU~tJ'WbbtJm~~'Wn6l'Ul~ nTHU~tJ'WbbtJ~-:i~m1:::6'f:w111~ 6'f:w111~ 
' ' ' 

1 'WtJ fi fi~ tJ1 bfliJ ~ ~'1JeJ'lfl11:W b oLJ:WoLJ'U~iJ ~ eJi111:::6'f:W111 ~ bb~::: ~~'1JeJ'l fldl:W~'U bb~ :::eitUVlf1 iJ ~ eJtn1:::6'f:W\11 ~ 
d..J q 'I " 'I 

zj,:ifl::: bb 'W'W~l~tJ ca::: bil'W 1~w 1 '1l'vi6l n bnru.ri n1';i 1 ~fl::: bb 'W'W~eJ ~1~ eJ'UoLJeJ?f eJ'U 1 mb~~ :::.Vm1 n~-:i ~1 b~ ei n 
" 

~1-a1.:i~ 4.2 fl :::bb 'U'U fl11:u b .U11"il:u 1 'Ll:u~ riei'LI b~tl'Ubbfil :::'Vi~.:i b~tl'Ubbfil :::~.rn mca'Vl~~eiuf'i1Vi bb uun~:u 

~'JeJ~1.:J h!B~ca:::\9lein'U bbtl n ~1:U b dei'Vi1 b~eJ.:J~:U~fil bflii 

mean SD ~m.1 mean SD 

1. fl1'ibtl~t!'WbblJf!.:i~~'W 2.98 1.67 29.80 6.66 1.89 66.60 

n~u1~ (10) 

2. fl1'ibtl~tJ'l.Jbbtlf!.:J~ 

Jl11~?llJ~fl (10) 

3.70 1.17 37.00 5.91 1.80 59.10 

3. ?llJ~fl1'WLJ~n~mbi'llJ 3.6o i.59 36.oo 5.02 1.63 50.20 

(10) 

4. t:-.Jfl'1JB.:Ji'l11lJboLJlJoLJ'W 3.89 1.42 38.90 6.51 2.16 65.10 

~B~BJl11~?llJ(;lfl (10) 
' 

t-test 

"' "' n1'JVilJ1 t p 

36.80 10.45 0.00 

22.10 7.66 0.00 

14.20 4.87 0.00 

26.20 7.10 0.00 
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\911'.i1\I~ 4.2 fl:!:bb 'W'Wfl11:1Jb °!l1 blil:IJ b 'W:IJ~rlB'Wb~f.l'Wbb!i'l:!:'Vl6'\I b~f.l'Wbb!i'l:!:L~.J!i'ln1'.i'Vl~6fB'Ufl1Vibb 'U'Un~:U 
IK1mh.:iliHi6f'.i:::~Bn'W bbf.ln\911:ubdBV11b~B\16f:U~!i'lbflij (~B) 

biJvV11 (l'l::bb'U'U) riv'Ub'7EJ'U t-test 

mean SD 1vei mean SD 1vei t p 

5. t:-JG'l'1J'iNl'l11:1Jlii''LJlli'IB 

BillVl.fliJ~ tLfl1'J:;G1:1JlilG'l 

8.06 2.44 40.30 12.21 3.59 61.05 20.75 7.07 0.00 

' ~ ' 

(20) 

22.23 4.13 37.05 36.30 7.13 60.52 23.47 13.90 0.00 

linnl'11'.i1\I~ 4.2 b~m tJ~CJu b Vi m..Jfl::: bb 'U'Umi:w b -V1h~1'Ll~~1'Vl i:nm?tl'14ne:im~CJ'Ubb~::: 

Vl6l'\lb~CJ'U b~B\l?f~~mfliJ vm11-Jm~CJ'Lli11'e:iCJ~:::'Ue:i\lfl:::bb 'U'Ufl11~boLJ1 h~ fo~~ne:im~CJ'U 1 mde:iV11 
' 

b~B\ln1'.i b tJ ~ CJ'U bb tJ ~\l~ir'Ll n6l'U 1Jlil e:i CJ~?f l?l ~\l.Q',r n b~ CJ'U~\I hl bfl CJ1~ ntJ f1il~CJ11 tJ.LJ1\IV1il1 bb~::: 
' ~ 6-J 

' ' ' lJ iJ dd I V -=-d.c:ii I di 

e-J~'UB\lfl11~ b 'U~'U'U'Vl~l'le:im1:::?1~1?1~ bb~:::e-J~'Ue:i\lm1~1?1'Ubb~:::e:i ruV!.fl~'Vl~ l'1B.fl11:::?1~1?1~ b 'UB\l"il1 n , , \I , 

,r n b~ CJ'U f) 1"il "il :::iJ fl11~ 111''U ~1'U b~f)\I e-J ~'UB\lfl11~ b -v~-v'U ~iJ ~ BB\91 '.i1 tl1 '.i bnl?l'lJ f1il~CJ1 bfliJ bb~::: e-J~ 'Uf) \I 
~ .... ';,,J 

e:i ru Vl .fl iJ ~ iJ B' 1'1'.i1m'.ibil1?1tJf1il~CJ1 b fl iJ zj \I bu w d e:i Vl 1 b fl iJ ~1Jlb~CJ'LI1bbi;i'11'Ll.fl1 fl b ~CJ 'LI~ 1 
, 'U d.J 'll 

~'U~5CJ~~m~1tJ~ 5 ~\lv111 ~-Jm~CJ'Ui°Jv1''U~1'Ufl11~1'b~~fie:i'UoLJ1\lmn ~\l~\le-J~ 1 ~-Jm~CJ'Ufl::: bb'U'U .... ~ 

" V V .:::,. .::ii iii/ V V d ii di CV CV .:::,. 

Vl~\l"ill?ln"il m'.i~tl1'.ib '.iCJ'Ll'.im CJ1 f1"il mtl1'.i b '.iCJ'U'.i bb 'U'U?f'U b?t1::: 5 'U'Ue-J ?f~e-J?f 1'U nub 'Vlfl'Ufl 
~ ';,,J ~ 

v11mCJ-~\lbtll'1-BTI'U1 CJ b 'U~'U'U CJ1 CJ m1~1~u11-Jm~CJ'Ui°Jfl::: bb 'U'Ufl11m oif 1 h~ b 'U~~ b~~ CJVl6l'\I b'1CJ'Ll?f \I 
~ ~ 

1Jli11e:iCJ~:::fl:::bb 'U'Ufl11~b -V1h~1 'Ll~~Vl6l'\lb~CJ'U?t\l?tl?l (66.60) bb~:::i11'e:iCJ~:::m1~n11V1il1?1\1?11?1Ae:i 
'U , 'll , 

36.80 b ~B\l "il 1 n bb 'U'U'Vll?l ?f B'U b~B\I tl1 '.ib tJ~ CJ'Ubb tJ~\I~ ir'U n6lu 1Jl b U'U bb 'U'U'Vl l?l?f e:i'U~~1 CJ 1~i'U615e:i'U 
b~ CJ1oLJ B\I fl'U ~\l~-J' tl b~ CJ'U~'U b "il B b 'U~11'1tJ '.i::: '1 TJ'U vl 1 b ~-J' tl b ~ CJ'Ui°J1e:i CJ~ :::fl11~ tl 11VliJ 1 ?f \I ?f l?l 

~ ' 
-Jm~CJ'Lli11e:i CJ~:::'Ue:i\lfl::: bb 'Ll'Um1~ b oif 1h~1 'Ll~~Vl6l'\I b~ CJ'U~1?11?1Ae:i b d e:iV11b~e:i\l?t~l?l~1 'LltJ f1 n~i:n bfliJ 

' ' 6-J 

(50.20) bb~:::i11'e:iCJ~:::fl11~n11V1il1~1?f 1?1Ae:i 14.20 b ~B\l"il1 n bb 'U'U'Vll?l?f eJ'U b 'U b~eJ\l?f~l?l~ b 'U'lJ f1 il~i:n 
' ' ';,,J 

bfli°Ji1fl11~e/r'UieJ'Umn~'U -Jn b~CJ'U'11 b U'Ut9i' B\li°Jfl11~1vr'U~1'U b~e:J\l'lJ f1 n~CJ1 bfliJ ~\l"il::: l'lf)'U rhm~ 1Jl 
~ .... 6-J 

b1nt9i'e:i\I v111 ~,r n b~CJ'LliJ1'mm:::m1~n11V1il1~1?f 1?1 b~e:iVi"il1'.iru1 bbCJ n\>11~ b de:i'Vl1 b~B\l?f~l?l~ bfli°J~'U11 
~ ' ' 
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~111.:l~ 4.3 fll~bb 'U'Ufl11:Ub'Yi1 b\l:U b 'U:U&i'llli;l.:i b~V'Ubb~~fl11:Ufll.:l'Vl'U'Uel.:l:U b 'U:U&\ b~el.:l~:Ufl~ bflij • 

., "' 'llli;l.:Jb~V'U 30 -J'U ... 'lll~.:lb1V'U 
b -UeiV11 (fl~bb 'U'U) ., ., 

mean SD 1BV~~ mean SD 1BV~~ 

1. m~btl~m..1bbtl'1-:i~er'Wn~'U117i' (lo) 6.66 1.89 66.60 6.91 1.85 69.10 

2 m~btl~c.imbt.!'1-:t~m1~?1:1J~'1 (10) 
' 

5.91 1.80 59.10 5.66 1.86 56.60 

3. ?f:lJ~'11'WiJ~fi~CJ1bAi1 (10) 5.02 1.63 50.20 5.34 1.85 53.40 

4. t:-l'1'llel'IA11:1JboLJ:lJoLJ'Wl?iel.fl11~?f:lJ~'1 (10) 6.51 2.16 65.10 6.25 2.53 62.50 
' 

5. t:-J '1'll el 'I A11:lJ Iii' 'W bb'1 ~'El UJ'Vl .fl iJ \?)el .fl 11 ~ ?f :lJ ~ '1 12.21 3.59 61.05 12.36 3.55 61.80 
' " ' 

(20) 

11:!.J 36.30 7.13 60.52 36.51 9.20 60.87 

'lll:U1Vb'lll\9J: * hfa\9ln\?l1-:tel~1-:ti1'!1CJ~1~qj'Vl1'1?!~&\~'j~\il'UA11:1Jbzjel~'W~elCJ'1~ 95 (rl1 p <0.05) 

\ 
' 

., 
1BV~~ 

., ., 
n11'111'U1 

2.50 

-2.50 

3.20 

-2.60 

0.75 

0.35 

t-test 

t p 

0.81 0.42 

0.79 0.43 

1.09 0.28 

0.73 0.47 

0.29 0.77 

0.21 0.84 

* 

* 

* 

. 
* 

. 

·• .. MO 

fl11:UfH'Vl'U 

fM'Vl'W 

A'l'Vl'W 

A'l'Vl'W 

A'l'Vl'W 

A'l'Vl'W 

A'l'Vl'W 

lJ1 
N 
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''ill n \911';i1~~ 4.3 b~BYl "il1';iUJ1f1 ~ bb 'U'U m1m i1 h:w b'U:w~Vl~~ b~ t.J'UbbG1~ f111:Wfl~'Vl'U'1J B~ 

:w1m..1~ b~B~?l:w~mflil 'V-ltJ11'11rn~t.J'Lli1fl~bb'U'U:W1'u:w~bu~t.JVl~~b~t.J'U 36.30 (SD 7.13) hlbb\?ln~1~ 
' 

(SD 9.20) 

fl11:Wfl11Vltl1'1JB~f1~ bb 'U'Ufl11:Wfl~'Vl'U'1JeNfl11:l.Jb i1 li:J:w b 'U:W~ ~~~~~AB :w b 'U:W~ b~B~?l:W~G11 'Ll'l.Jij n~t.J1 

bflil 3.20 bb?f~~11n"ilm';i:Wn1';ib~t.J'UTI 'Ub~md AB n"ilm';i:Wn1';i'Vl~?IBtJJl11~?l:W~m~Vll1~1B1BB'U 
v ' 

(111) 1e:ie:ie:i'U (Fe
3
+) bbG1~1e:i1e:ie:i'U (II) 1e:ie:ie:i'U (Fe

2
+) 1'Ll~'U611';i1"ilbbG1~ri''UVl1 bbG1~n"iJm';i:w'\.Jijn~t.J1 

';i~Vl11~ FeS04 bbG1~ AgN03 1'Ll~'U'1Jt.J1t.Jf111:w~ bU'Un"ilm';i:w~:W'\.J';i~~'Vl6Jl1'V-l vh1Vl'Llrn~t.J'Llilfl11:w 

fl~'Vl'U'1JB~:W b 'U:W~ b~B~?l:W~G11 'Ll'l.Jij n~ t.J1bflm~~ bbG1~ b de:ivn~11 rn~t.J'Lli11e:i t.JG1~f111:Wfl11Vltl1'1JeJ~ 
fl~ bb 'U'U f111:wfl~'Vl'U'1J e:i~m1:w b i1h:w1 'Ll:w~ ~1~?l~Ae:i:w 1 'Ll:w~ b~e:i~m';j b 'IJ~ t.J'U bb 'IJG1~~fl 11~?1:w~G1 

' ' 

rl'U Vl1 bbG1 ~ n"il n ';j';j:l.J ?f:W ~G11~'U 1il n 1 'Ll~'U'1J t.J1 tJ fl11:W1 b ~ eJ 1 Vl'Ll n b~ t.J'U?f 1:W1';i tl~'U \?l'U 1n1';i n1 ';j 
' v 

1Vl'Llrn~t.J'Lli1m1mi11"il1 'Ll:w b'U:w~~b~t.J'U 1~~~'U b~e:iYl"iJ1';iru1m1:wn11Vlti1bu~t.J b vi1nu 0.35 bb?f~~ 

l1fl~ bb 'U'U:W b 'U:W~Vl~~ b~t.J'U hJbb\?l n~1~ntJfl~ bb 'U'Ufl11:Wfl~'Vl'U'1JeJ~fl11:Wb i11"il:w b 'U:W~ 

"i11nfl~bb'U'Um1m i1 h:w b 'U:W~'Vl1~1'Vl t.J1P11?f \?l{ b~e:i~?f:w~mflil ~'11 rn~t.J'Llilfl~ bb 'U'Ubu~ t.J 
' 

Vl~~ b~t.J'U?f ~ n11 tie:im~t.J'U fl~ bb 'U'UVl~~ b~ t.J'U 1lJ bb\?l n~1~ ntJfl~ bb 'U'Uf111:W fl~'Vl'U'1JeJ~:w b 'U:W~ bb?f ~~ 1 VI 
v 

~ I V q Iii.I V Q.I' .c:::il II dil ~ CV ..::... 0 Q../ 

b Vl'U11n1';i"il~n1';ib W'Ll';imt.J1f1"ilmm';ib ';itJ'U';ibb uu?frn?11~ 5 '1J'U [:..l?f:Wt:-.J?f1'Unu b'Vlfl'Ufl'Vl1'U1t.J-?f~ bn\?l-
v ~ v 

e:i5rnt.J ?f1:w1';itl~WJ'U1bb'U1fl~Vl~e:im1:w1b~:W'1Je:i~'Llm~t.J'U~:w b 'U:W~l'Vlt.J1P11?f\?l{mn~'U ~~m'V-l~ 4.1 
v v 

' v i.I V ~V .:;::,I I V .c:::il iii.I Q../ Q.J .c:::il ii dil V 

?f e:i~ flG1 e:i ~nu ~1'U1 "ii t.J 'Vl';i1 t.J ~1'U11 n1';i"il ~ n1';i b ';j t.J'U ';i~1 t.J1 f1"iJ mm ';j b ';j t.J'U 'rn uu ?frn?f 1~ 5 '1J'U v ~ v 

?11m';ifl~WJ'U1fl~bb'U'Llfl11mi1h:w 1'Ll:w~'1Je:i~'Llrn~t.J'U1Vl?1~n11tie:im~t.J'U1~ ('V-liJm n'Llt.J~mru"ili1 v v 

bbG1~Pi'n~Pl~ ?fJlTt'f';i, 2556; ~G1t.J:W'U b~'U?f:W'Vl';i bbG1~b?f'UeJ -dt.J-rm1, 2557) ~~db~eJ~"il1nm';j 
' ' 

~~n1';ib~t.J'Ll1~1 t.Jl f1~ mm';ib~t.J'Ll1bb uu~u b?f1~ 5 ~m U'Llm~U1'Un1';i~11m~t.J'U~e:i~:Wm';i~'Url'U 
v ~ v 

b?11~V11 611';i1"iJ\?l';i1"il?1e:iu bbG1~fl'Llfl11~1 t.J15m';i~1~ 1 "il'Ll'l1m~t.Jmn~m1:wboff 11"il bbG1~bn~m';i-rui 

m1:w1L1'Llm.h~ilf111:w'Vlmt.J ?11m';it1?111~ b U'Ue:i~fifl11:w1'1Je:i~'Llrn~ t.Jme:i~ bbG1~ bnu b u'UoLJ'e:i:wG1111 'Ll v v v 

?1:we:i~1~e:i~1~m1'U1'U (61J1\?l~ ~1t.Jl°11\?11, 2551) bU'Un"ilm';i:wm';ib~t.J'Ll1~i1'\.J';i~~'Vl5m'V-l1'Llm';i 
v 

~WJ'U1[:..IG16":W~'Vli'Vl1~ n1';i b~ t.J'UbbG1~:W b 'U:W~'Vl1~l'Vl t.J11'311?f \?l { fl1'U~ nu n1';i~WJ'U 1-Xm~~ m~tJ1'U n1';i 

'Vl1~1 'Vl t.J1Pi1 ?f \?l{ b "ii(?! fl~~ e:i1'Vl t.J 1Pi1?1(?!1 bbG1 ~ EJ'~ b Vlm ~ 611V1fo ~ b ~ t.J'Ll~il m 1:w ?11m w'Vl1~ ?f ~u ru ru 1 
v v v 

'Vlm~~u ?f1:w1';it1°1i1t.J 1 VI~ b~t.J'Ll~il[:..IG16":wfl'Vli~1bbG1~'\.J1'Umn~ 1 VI boLJ1h:w1'U:w~1~~~'U (Pi'n~Pl~ ?f fl1~';j, , 'lJ gr , 

2554) B n~~ m';i b?l~:w n"il m';i:w n1';i'Vl~G1e:i~~1 t.J b 'Vlfl'Llflv11'U1t.J-~~ bn\?l-e:i6u1t.J1 'Ll~'U6ll t.J1 t.J f111:w{ '1i1 t.J 
v 

b ~:wfl11:w b off 1h1 Vlnu'Llm~t.J'Llmn~'Ll b ~ e:i~"il 1rn U'U m';i?leJ'U~ b ti'U 1 Vl11m~t.J'U1~ b~ t.J'Ll1~1 t.J~1 ~ b~t.J'U 
v v 

be:i~ 1~t.J1irhm:wm~l'i''U v11'U1t.J~~~bn~~'U"il1nm';i'Vl~Gie:i~ 6"~bn\?l u'UVint:-.JGi b~e:iPln~111t:-.JGi~ 
' 
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bn\91~m th.iB~1-:i 1 ~ B5u1t.Je-.i ~~bn\91~tr;;i~-:i ~'Wvh 1 ~\lm~t.Jmn\91ri11m .LJ1h bb6i'1611m~ti61~1-:iB-:ifi 

A11i1~6tJB'ltlflb~t.J'WbB'l (nru'll~~ bA1BA1 bb~~fl1'LJWi(91~-r\'1'U 1~b61m, 2556) 
~ v , 

fl~bb'U'IUJb'U:l.J~ 
80.00 1 

I 69.10 

1
1 66.60 59.10 56.60 

60.00 

40.00 
9.8 

20.00 

0.00 

2 

2. niwJ~t.J'Wbbtl<i1~m1~i1:w~<i 

3. i1:w~a1'WtJ5n~t.J1bfl~ 

65.10 

3 4 

62.50 61.05 61.80 60.52 60.87 

5 6 

• n'i.lm~tru 

II Vl~~b~CJ'l.J 
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4.2 3J b 'W3J~f;ln~-e1-:1 fl6l1~bfl~eJ'Wbb6l::~~ b~ei-:i~3J~6lbflij 
'IJ ' 

"iJ 1fln1'Vil 1 bb 'W f)oLJ eH'f B'Ul ~ fl111Jb oif 1 h:w b 'U:lJ ~l'Vl CJ1 f"ll?! \i1 ~BB m U'\.Jb dBVl1 ~ e.H.J ht bbn f)1 ~ 

b LJ~ CJ'Ubb LJ'1-:i~er'Wmfo 1~ m~ b LJ~ CJ'Ubb LJ'1-:i~m1~?1:w~'1 ?t:w~'11 'ULJBn~CJ1 bflii (:.J'1'1JB-:im1m oif:woif 'U~B 

m1~?1:lJ~'1 (:.J'1'1JB'lfl11:w~'Ubb'1~BruVlfliJ~Bm1~?1:lJ~'1 bb'1~LJ~~ biJ'U 1~ CJ 1-ff Vl~ mnru61111 t11tl'm~CJ'U 
, 'I 'ti 'I 

t11timo~1~~1 b~Bf1Vl~m Vl\i1(:.J'1 ~B11tl'm~CJ'Uii:w b'U:w~~flm~bfl~B'U (Alternative conception: 
'\J ' 

AC) bb'1~tl1~~~'l~1b~Bf1bb'1~bVl(9)(:.J'1 ~B11tl'm~CJ'Uii:lJ b 'U:lJ~~~ (Misconception: MC) ?!1:lJ1~tiVl1 

~BCJ'1~'1JB-:itl'm~EJ'U~ii:w b'U:w~tinl'i'B-:i flm~bfl~B'U bb'1~~~ 1 m~B-:i?t:w~mflii ~-:im~1-:i~ 4.4 

JI 
b'Ue.J'\111 (fl~bb'U'U) 

1. nTmJ~m.JbbtJGi.:i~er'Umi'u 

M (lo) 

2. nTH tJ~EJ'Ubb tJGi.:i~m1~ 

G'l:W~Gi (10) 

'\J ' 

GC AC MC GC AC MC GC AC MC 

22.60 23.80 53.60 58.00 18.00 24.00 57.00 23.00 19.00 

11.00 53.00 36.00 44.00 33.00 24.00 31.00 52.00 17.00 

22.00 40.00 39.00 35.00 30.00 35.00 42.00 30.00 28.00 

4. [;.JG1'1J€l'lfl11:1Jboif:Woif'W~€l.f111~ 19.00 45.00 36.00 52.00 26.00 22.00 52.00 22.00 25.00 

G'l:W~Gi (10) 
' 

5. i;.J~'lJ€l'lfl11:Wli1''Wbb~~€lruV!.fllJ 21.32 42.10 36.60 46.20 30.40 23.40 48.90 26.20 24.90 
' " 

~€l.f111~G'l:W~~ (20) 
' 

19.18 40.78 40.24 47.04 27.48 25.68 46.18 30.64 22.78 

"il 1 n m~i bfl~1~vHB CJ i;-i ~'IJ B-:i:w b 'U:W ~ riBm~ CJ'U~'U11 ~B CJ'1 ~'IJ ei-:itl' m~ CJ'Ll~ii:w b 'U:W ~ 

~nl'i'B-:i~-:i~~ 22.60 AB :w 1 'Ll:w~ b~mm~b LJ~ CJ'Ubb LJ'1-:i~er'Un~'U 1~ ~BCJ'1~'1JB-:itl'm~ CJ'Ll~ii:w b'U:w~ 

flm~ bfl~ B'U?!'l?!~ 53.00 AB :lJ fol.I~ b~B'l m~b LJ~CJ'Ubb D'1'l~flTW?!:lJ~mb'1~~B CJ'1~'1JB'lLJ m~CJ'Ll~ii 
'\J ' ' 

:lJb'U:lJ~~~~-:i~~ 53.60 AB :lJb'W:lJ~b~B-:im~bLJ~CJ'Ubbu'1-:i~er'Wn6l'U1~ ~-:im~~ 4.2 



• • 

.. 

56 

lJ b 'Wl.l~fl'11~bfl~B'W • iib'Wii~~~~ 7ticr~s"1u"~ • iib'Wii~~n\ilei.:i 
53.60 53.00 

50.00 45.00 

40.00 39.00 
42.10 

40.00 

30.00 

20.00 

10.00 

0.00 ----, 

1 2 3 4 5 ilb'Uil~ 

1. f11'ibtJ~EJ'WbbtJ'1~~~unli'1J Lili 4. ~'1~a~ri11~b~~~u~an11~~~~'1 

2. f11'ibU~EJ'WbbU'1~~m1~~~~'1 5. ~'1~a~m1~\i1'Ub6'1~ao.rv1niJ~am1~~~\i1'1 . ' . 
3. ~~~'11utJ5irfo1briij 

4.2.2 ~mm~:i.Jb'U:IJ~t1n~ei.:i fll~1~bfll~eJ'Ubb~~~~ 'Vl~.:Jb~£i'W 
'U 

"ill fl ~61 fl111bm1~~~BtJ61~'LJB.:i:u1 'W:u ~vi61.:i b~ tJ 'W'l"ltJ11 ~B tJ61 ~'LJB.:itl' fl b~ tJ'W~~:u 1 'W:u ~ 

tifl~B'l?f \IM1 58.oo AB :u 1 'W:u~ b~B\lfl11b tJ~tJ'Ubb tJ61\l~er'Wfl6ltJ 1~ ~BtJ61~'LJB.:itl'm~tJ'W~~:u 1 m.1~ 
'U 'U ' 

fl611~ bfl~ B'U?f \l?f~ 33.00 AB :u l'W:u~ b~B\I fl11 b tJ~ tJ'Ubb U61\l~fl11~?f:U~61 bb61~~'EltJ61~'(JeJ'l'Llflb~tJ'U~~ 
'U ' ' 

:u 1 'W:u~~~?f\l?f~ 35.00 AB :u 1'W:u~b~eJ\l?f:U~611 'WtJf1n~mbf1~ 1?1\lm'l"I~ 4.3 
~ q q d.J 

b Vllll ~ 61~:u 1 'W:u~ b~eJ\I m1 b tJ ~ tJ'Ubb U61\I~ ~'W fl~tJ 1~ tl' m~ tJ'W~ ~e:i tJ61 ~:u b 'W:U~ ti fll'i' B\1:1..11 fl 
' 'U 

fl11 b tJ ~ tJ'W bb tJ61 '11tJ-LJ'1\lviu1 bb61~fl11 b tJ ~ tJ'W bb tJ61\I8e:i'U fl ~tJ 1~ e:i 81\1-d ~ b "il'W 1~ tJ fl 1161 \I bfllll ~'LJ e:i\I 

?t 1161~611 tJ i;l 111m~tJ'UboLJ'1hm1btJ~tJ'UbbtJ61\I~er'Ufl61tJ1~ fl11btJ~tJmbtJ61 '11u.LJ1\!vii!1 m 1 

b tJ~ tJ'Wbb tJ61\lcJB'W fl~tJ bb61~?11:1..11w b ~tJ'W?f:u m1 bflm~ l?i'\lm'l"I~ 4.4 tl' m~tJ'W"il~?11:1..111m .LJ11"1l:u l'W:u~ 

1 'Wb~e:i\ld1~~ ~fl~\ln"ilm·rn1 m~e:i\lfl11b tJ~ tJ'Ubb U61\l~~'Wfl~tJ 1~~\ln"ilm1:uvi61 flbb61~n"ilm1:u1 'W~'W 
'LJtJ 1 tJ m1:uf b ll'W n"il m1:u~v111~~1 tJ ?11:1..111m ~'W m1 b tJ~ tJ'Ubb tJ61.:i 1tJ-LJ'1\lviu1 bb61 ~ m1 b tJ~ tJ'Ubb tJ 61\1 

cJeJ'Ufl6ltJ 1~e:i81\l-d~ b"il'W ~.:iv111Vi'tl'm~tJ'W~~e:itJ61~~~e:itJ61~:U1 'W:u~tifl~eJ\1:1..11fl~?f~ 
'U ' 
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1. n1'lbU~<mm.J?l~~~'Wn'1u1\il 4. e.J?l~B~l'l11:1Jb~:IJ~U~Bn11:;?1:1Jti)~ 

2. n1'lbU~tJ'Wbb'lJ?1~~m1:;?1:1Jtij?1 5. e.J?l~B~l'l11:1Jl'lt1bb?1:;BllJV1nlJ~Bil1'l:;?l:1Ji;\?I 
' . ' 

3. ?1:1Jtij?11utJ5ii%1bl'l~ 

9. 'lll)n~m [Co(H20)6t + 40 [CoCLi( + 6H~O 
~'t • [ 1~ 

'\J!)fi~ cn 1 t1'6'1.:iV1'1J1~ti ... LCo.l.¥llil.t..iS:I .. .............. ~... .~05\_. .. . :u~ttp. ......... · ,1. · · · · · · · ·· 

tll)fi~~1Vfft.Jni;r'Ufltl .... ..L.r.o.c.1)~~:t .. .b~O .................. ) ... I .. ~O.\.ttifllbl~\.1t~I.~ .............. . 
10. 1JJ)n1cn~~'Vf11.:i N07 nu H, um~l'J'W?l1l.J1'lm~l'J'Wtl5fi~tnhJ.V1~V1~1 

'lll)fBE.nh.Ji1.:i'V1'1h~a NO,(g) + Hh) ---+ NO(g) tJ5fi%1eJB'Wfl'1Ubb~:!'ll5fi~l'J1cY'Un'1u1~ 

'1Jfli'i1tn6m.mir'U~B NO(g) __...,.. N02(g) + Hh) 
q,~,Q,. u ..., 1.,4 + Mn 

'U!Jn'W1t.i'Unf!u l'l(i')B ... Jl\·c~r ... H.!if~r.;:=====···~wr~r·············/····················· 

~1Vlf'U b i1'B'Vl1~11n b~CJtd:ilJ 1 'LilJ~iiffJ1lJflm~ bfl~B'UrlB'U-LJ'1\llJ1 nfiB fl1~ b tJ~ CJ'Ubb tJ61\I~ 
m1~?1lJ~61 iilJ 1 'LilJ~rimmri~Bm lJ'U~BCJ61~ 33.00 b lJm i1'B'Vl1~11m~CJ'U 1Ji'b~lJ~~nn'Ur1111.f111~ 

' '\J 

?llJ ~61 11 m~ CJ'U\I~~ B\l~'Ul?l'U1 m~(i\lm1~ ?llJ~6111 b lJ'U.f111 ~6iJB\l~~uu~iieY1?1 ~1 m~ b tJ~ CJ'Ubb tJ 61\11 tJ 
' ' 

oLJ1\IVli.J1 b vh fl'UeJ\?1~1fl1~ b tJ~ CJ'Ubb tJ61\I cJB'U fl~'U 1~ CJ bO'V'l1~?1lJ~611~miJ fl~.f111~?1lJ~616iJB\l~~'U'UiJ1~ 
' ' 

Vl~~~\I ij fl1~ b tJ ~ CJ'U 1 'IJoU1\IVli.J1 bb61 ~cl B'U fl~'U 1?161 B~ b1611 zj\I CJ1 fl~ B fl1~vl1 ffJ1lJ b -LJ'11\J 11 flb~CJ'UlJB\I 
hJ b i1'Lim~b tJ~ CJ'Ubb tJ61 \I~ bn~~'U 'iiJ 1n n1~vi~61B\I bb~n\I m~lJ1 'U~'U6il CJ1 CJfl11lJ~iim~~161B\l?llJ~61 

'\J ' 
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hn.n:Wn 1~ CJ nT~ci1 CJ b v11J1~1 CJ bbn1'V'lm?1~ n~il'IJ'W1~\911~n'W'<il1nITTMu n brnrfl V1aj1tJm~~e:i~b1m'<il'W 

'.i::: l?l'U 1 'W bbn1vY~?1 eJ~ b vl1 n'W b tJ~ (J'U b?li'ie:i'WtJl) fi1 ()1 bflil~ile) ~ '.i1 n1'.i bfl~tJl] fi1 CJ11tJoif1~V1i! 1 b vl1 fl'U 

eJ'm1m'.ibn~tJl]fi1m~e.l'Wn~'U bbl9i ~~ bJi~b'<il'W ~~v11'1'rn~CJ'W~~illJ 1 'WlJ~flm~ bfl~ B'Wmn ?le:i~fl~e:i~ 

n'U~1'Wl~CJ'/JeJ~bCJ11b'.i~ hb~'W bb~:::flru::: (2550); lVlCJ1 mzj'W (2553) ~'.i1CJ~1'W11 '1'rn~CJ'WboLJ11'<il 

11 bnei'.i:::'U'Ub oLJ1~ ?llJ~~ '<iJ::: hJil n1'.i b tJ ~ CJ'U bb tJ~ ~1~ 61 bfl~~'U '1' nb~ CJ'U ~1'UlJ1 n hJ boif 1h n1'.i 
'\J ' I 

bU~CJ'UbbU~~~bfl~~'U 1'W.f111:::?1lJ~mb~:::?1lJ~~1~'W1:Wn (Bergquist and Heikkinen , 1990; bCJ11b '.i~ 
1'<ilb~'W bb~:::flru:::, 2550) 

611V1-r'Ub deiV11b~ei~?tlJ~~1 'WtJl)fi1CJ1 bflil '1'rn~CJ'Wi'.llJ b'UlJ~fl~1~ bfl~eJ'Wbb~:::~~mn zj~n 
lJ 1 'WlJ~flm~bfl~eim U'W~eiCJ~::: 30.00 bb~:::illJ 1 'WlJ~~~~eiCJ~::: 35.00 b'V'l'.i1:::bumdeim~\9lmrjei~n'W 
bb~::: b 'l1eim b~ei~-d'b~lJil fl11lJ CJ 1n bb~:::ri eJ'UoLJ1~ b U'W'W1lJ5'.i'.ilJ l'i'ei~ 1 <U'~'W~'W1 m'.im n~'U m'.i~'<il:::Vl'.i1'U 

l 1U f1 fi1CJ1~ bfl~~'Ub oLJ1~.f111::: ?llJ~~Vl~eJ 1~,i'U 1il1 b U 'U \9) el~~ '.i1'<il?leJ'U 1~ CJ n1'.iVl~?leJ'U1 Bel eJ'U 1 'W 6.J '\) q 

?11'.i~:::mCJ CJ1n\9leim'.iv11A11lJ b oif 1 h bb~:::lil1 b U'W~milm1lJ~~'W\i1'Wb~ei~tJn fi1m bflil b ~ei~'<il~Vl'.i1'U 
'\) "' 6.J 

111eieiei'U 1 'WtJl] fi1CJ1?11m'.itiv11tJl]fi1mnLJ?11'.i1~ 1~1.J1~bb~~ 1-Mr..im lJ'Wei~1~ 1 '.i zj~'1' rn~CJ'Ul°iei'U.U1~'<il~il 

m1~i~'WJi1'Ub~ei~tJl] fi1 CJ1 bfli'.111eJCJ~~~~r..i~1-M~ 1 'W~~ Am~ bfl~ eJ'W~ ~bb~~mn bod'W '<il1nfi'<il m'.i~ 
I 3+ 2+ IV Q I ..:::;:,, .:::....:::. 3+ - 2+ 

Vl~?lei'Um1:::?1lJ~m:::V111~ Fe bb~~ Fe ~~unmm 2Fe (aq) + 21(aq)~2Fe (aq) + liaq) 

bneim~11 bnm~'U'Uboif 1~.f111:::?1~~~ '<il~n Fe 
2
+ bV1~eiBnV1~ei 1~ '1'm~CJ'U~ei'U111'W'.i~'U'U1~il Fe 

2
+ 

'\) q 

bVl~eJeJ~ b'V'l'.i1~ Fe3+bb~::: 1· eJCJb'UW'U'U~~eJ~b1'11bb~~'U1~~1'UboLJ11'<il111'U'.i~'U'Ufl1'.i'<il~bVl~eJ Fe
3
+ 

'\) '\) 

bb~~ 12 zj~ b U'WlJ 1 'W~~~flm~ bfl~eJ'W b rjeJ~'<il 1n 1 'W.f111~?1~~~ fl1'.i'<il~i11eieieJ'WVl n61Ju~ b Vl~eiei ~ 
q q '\) 

~~m'V'lVi 4.2 

4. trm~fm~1<1:l11t.m:'Uuiffl1".iii 
f ' 

lJ b'U~~flm~bfl~eJ'WVl~ei~~ 1m~ei~?llJ~~1 'WtJl)fi1m bfli11~ b~eJ~'<il1n~ b'UlJ~~1~ 11 'Wl'IJ1bflilirn'<il~ 
b~m b ~ei~nmb~~n'U 1~(Jlj 1'W~~nei'Ub~CJ'U'<il~bu'U~'UJi1'U'/Jei~~ 1'W~~1m~ei~tr~1 u (1'.i1.f1'.iru ih~~, 
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2542) bbi;:J ~:lJ 1 trn ~ b~eJ'l?l:lJ~ i;:i bl"1JJ b D'U:i.J 1 'LI:i.J ~~CJ 1 n ~1vi-ru n11 b~ CJ'U ~ bl"1JJ6UeJ '111 n b~ CJ'U~'l 1'U1~~u 
' " 

dJ5CJ:lJPifl~1bbi;:J~'q~:lJPifl~1 (Vandrielang Grabber, 2002) ~'l'Vll 1'IX-Um~CJ'UJJ:lJ1 'LI:lJ~l"1m~bl"1~eJ'U 

?1eJ~l"1~eJ'lnu'11'U1~CJ6UeJ'lbCJ11b11"1 hb~'U bbi;:J~flru~ (2550) ~'V'lu11 -Um~CJ'U1~~U~'Ud.1'5CJ:lJPln~1 

\i1 ei'UtJ m CJ EJ 'ltJ 1~ ?tuu ruvi1 ~1'U m1 b~ CJ'Ub~ eJ'l?l:lJ~ i;:i b1"1JJei ~:lJ1 n 1~ CJ bu'V'l1~b~ei'lm1 ~1 b iJm-li1~m1 ~ v , ~ 'U 

?t:lJ ~i;:i bbi;'l ~fl 11~ ?t:lJ ~ i;:i 1'Uu5 n~ CJ1 bl"1iJzj'1bD'U:lJ1 'U:lJ~~ fi ei'U-li1 '1 CJ1 n m1~'i\I ~'Vl1f111m-li1h:lJ1 'U:lJ ~ 

b vi~1d-um~CJ'U~1 b tl'Ul?i' ei'l 1-ff~'U \i1'U1 m1b~ei1 Vf b -V1 hun n~CJ1~ bn~~'U 'Vl11 Vf-W m~CJ'U~1'U'Vl~'1 b~ein~ 

'i\I~ b~ CJ'UTI~ CJ m1viei'1~1 bb 'Vl'U m1'Vl11"111:lJ b -li1 h bbi;'l ~-um~ CJ'U 1:iJ b -li1h:lJ1'U:lJ~~'U-«'U\i1'Uu1'1:lJ1 'U:lJ~ " ~ 

b ~'U :lJ 1 'U:lJ~ b~ei'lm1:lJ b -li:lJ-li'U"UeJ'1?111i;:i~mCJ un n~CJ1 bl"1i1 el'\i111m1bn~LJ5n~CJ1bl"1i1 zj'l~'le.rn 1 Vi' 

-Um~CJmn~:lJ 1 'LI:lJ~l"1m~bl"1~ei'Ub~ei'1 ?1:lJ~ml"1i1an~1CJ 
' 

~'1,!'U ~ '1i1 m1:lJ~1 b lJ'Ul?i'ei'lvr ~'U 1 n'i\I m1:lJ n11 b~ CJ'U n 11?1ei'U~'1?1ei'1 b tr eivi1 f1ei m 1 

bu~ CJ'U bb u i;'l'l~ fl 11 ~ ?l:lJ ~ i;:i bbi;'l ~?l:lJ ~ i;:i 1 'Uu n n~ CJ1 bl"1i1 b ~ ei'l 'i\11 nvi~ '1 'i\11 n~ ~ n'i\I n 11:lJ n 11 b~ CJ'U ~ bb~ 1 , , d.J 'U 

-Un b~CJ'UJJ:lJ 1'U:lJ&i1"1m~ bl"1~ eimbi;:i~~~m n 1~ CJ fl11b?l~:lJn'i\I m1:lJffi 'LI m~u1'U n 11~ ~m1 b~CJ'U~ bb uu 
" 

4.2.3 ~ern~~:1Jb'l..!:1J~~iln\9leM ri~1l9lbfl~eJ'W bb~~~l91 'Vl~.!lb~CJ'W 30 1'W 
'U 

'i\11fle.Ji;:Jfl111bl"111~~~eJCJi;'j~61J€l'l:lJ b 'U:lJ~Vl~'lb~CJ'U 30 1'U 'V'l'Ul1 ~eJCJi;'j~61J€l'l'Llflb~CJ'U~JJ 

:lJ 1 'U:lJ~tinl?i'ei'l?f'l?t~ 51 .oo f1ei :lJ 1'U:lJ~b~mm1b tJ~ CJ'Ubb ui;:i'l~er'Un~u 1~ 1ei CJi;:J~"Uei'l'W'm~CJ'U~i1:i.J 1'W 
" " ' 
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t nrn'\J~vt1bb'\Ja~~ert1nli''U 1iii 4. ~?l~B~f111llb~ll~'W~B~11l;?ill(;)?I 

2. nrn'\J~V'Wbb'\Ja~~m1i;?1:1-J(;)a 5. ~a~B~f111lllii''Wbb?l~Bru'\·'in:U~Bfl11l;?ilJlil?I 
' ' ' 

3. ?lll(;)a1t11.J5ii%1briii 

"II 1n11111 bm1~·1.ffe:i tJ '1~61J€J'liJ1 'Llii~ nB'Ll b~ tJ'U bb'1 ~'Vl~'I b~ tJ'Llmii 1111..r~ 1111 b~ tJ'U i~1 tJ 

1 n..r m1111 b~ tJ'U ~bb '\J'\J~'\J b?f1~ 5 ~'Ue.J?file.J?f1'Ufl'\Jb Vlfl'Llflvl1'U1tJ-61'1btll?l-€JTI'\J1tJ b 'U~'U61J tJ1 tJf111iJ~ 6.J 'IJ 'IJ 

'l"l'\Jl1'Vl~'I 1111..r ~ 1111 b~tJ'U~bb~1tl' m~tJ'Lli1m1ii b off 11 "llti n~ B'I b ~ii~'LlVl nii 1 'Llii~ 61'1bn1?11~"111 nun b ~ tJ'Lli1 
'IJ 'IJ ' 

~BtJ'1~il b 'Uil~f1'11~bf1~€J'Ubb'1~~~'1~'1'1 bb?f ~'ll11111..r~1111b~tJ'U{~1 tJl f1 ~ m1111 b~tJ'U{bb '\J'\J~'\J b?f1~ 
'IJ 6.J 'IJ 

5 ~ 'Ll e.J ?t ii e.J ?t 1 wl''U b VJ f11J flvl 1'U1 tJ-61 'I b n l?l-B B'\J 1tJ1'U~'U61JtJ1tJ m 1ii ~ ?t 1m 1 ti~1tJ'1~ii1 'Llii ~~ 
'IJ 

f1'11mf1~€J'Ubb'1~~~1\i\ ?f€J~f1~€J'lfl'\J'l1'Ul~tJ61J€J'I Supasorn and Promarak (2015); Supasorn 

(2015) ~11tJ'11'U11 1111..r~1111b~tJ'U~bb'\J'\J~'\Jb?11~ 5 ~'U blJ'Un"llm1ii1111b~tJ'U~~i1,_h~~vi5m'l"l 
'IJ 'IJ 

?f 1il11'1~19),J'U 1m 1il b off 1 hii b 'Uil ~61] €J'ILJ tl b~ tJ 'U b 'Ub~€J'I er 1?1111111 bfl ~'l.J n n~ tJ 1bb'1~1 vJvh bflm~ b lJ 'U 

€Jcl1'1~ 

blJ'U 4 7 .04 "ll111ii 1'uii~tin~B'ln€J'Ub~tJ'U 19.18 bb'1~i1m1iifl'!Vl'Ll61Jmi11'uii~tin~B'lbu~mlJ'U 46.18 
'IJ 'IJ 

QJ d ~ 3 d ~ iii.I Q.J v ..:::ii ll ct ~ Q.J 

~'lm'l"lvi 4. 7 Vl'l'Ll€J1"11b'UB'lm"ll1111111b1tJ'Ll1~1 tJ'J fl"IJ m1111b 1tJ'U1bb '\J'\J?f'\J b?f1~ 5 61J'Ue.J?fiJe.J?f1'Utl'\J 
'IJ 6.J 'IJ 

b VJ f11J flvl 1'U 1 tJ-61'1 bn l?l-B 5'U 1 tJ1'Ll~'Ll6U tJ 1tJm1ii ~ b lJ 'Un "II m1ii~ ?t~ 1'I1"111ii ?t 'Uh bb'1~VI1vi 1 tJ 
'IJ 

f111i1?11m1ti61Jmurn~m..i 1 'LlVl n~'Ul?l€J'U61JB'I n"IJ m1ii ?11m1ti b ~iim1ii b off 1hii1 'Llii~1vitJ1i'11?11?11 
' 

(Supasorn, 2015; Green et al., 2004) bU~fam?t1~~b~tJ'Lli1'UVl'\J1VlblJ'U~'l.Jf1u~111111'1bbe.J'Ubb'1~ 
'IJ 'IJ 6.J 
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e:ie:in bb 'U'Ui6mj 1 'Ll n1jbb6'11.:JVl1fl11ii~ b ~e:i bbflD ruV11~bfi~~'Ll~1 CJ \9\'LlbeJ.:J "i11 n.ff 'Ll61~1.:i fl11il61'Ll h~ij 
" " 

n1jm~~'Ll 1 ~~ b~CJ'Llijri11iie:imn~e:i CJ1rn~'Ll1~CJn1j 1.ff 1"11mii b ~e:i 1 ~-LI m~CJ'Ll bfi~m~'U1'Lln1jfi~ 1 'Ll 
' " " 

1 'Llmj11.:i bbe.JmJ5u~mjvi~mN ~.:iljert.J5u~ fi"il mjmb~~j'J'\Jj1iioile.i~~ b ~m111 u~.ff 'Lle.i6'U1CJ bb~~~.:i 

oLJe.J61jtJ (6l'il CJ~611°11 bb~~l31n~l"l~ Ml1~j, 2555) 1~CJ~fljvJ1VIU1~blJ'Ll~eJ1'Ll1CJfl11il61~mnfle.JCJ 
q q 'I '\J '\J 

bb'Ll~tl1'Llrn~CJ'Ll\9l~e.i~n"ilmjiJn1jb~CJ'Ll~ (Deters, 2005) 
" 

mj~~n"ilmjii v11'Ll1CJ-~.:Jbn\9l-e.i6mCJ 1 'Ll.ff 'Ll"UCJ1CJfl11iJ~ zj.:i b lJ'Lli6mj~ijtJw~vi5m'\f'j 
" 

1 'LltJj~ bil'Llm1ii b oil11 "ilii b 'Llil~"Ue.i.:i'Ll n b~CJ'Ll~ije_i~ b~ilbb~~~.:i b61~ii 1 ~-Un b~CJ'Ll 1~ bb61~.:im1iif1~ b ~'Llbb~~ 
" 

e.iJ1tJj1CJb~CJ1tl'Ufl11ilboLJ11"i!"Ue.J.:J'U'rn~ti'Ll (Sasen, 2013; White and Gunstone, 1992) 1~tin1j 

111 b6'1'Lle.J6'1m'Llmw.i1~'Llrn~CJ'Llvl1'Ll1CJl1"il~bfi~e.i~1j~'Ll'\f'j~e.Jii~.:i1 ~bVl\9\e.J~ V1~.:J"i11niY'Ll'Lln b~CJ'Ll~.:J bn\91 
' 

1~ 'Ll e.in"i11 nd n"il mjii v11'Ll1 CJ-~.:i bn\9l-e.i6'U1 CJ cJ'.:1~1CJ1 ~-LI m~CJ'Llnm1ll~~ri.:ivi'Ll v111 ~u m~CJ'Lln 
" 

m1m .U11"ilii 1'Llii~iviml"l161\9l{b lJm 1m'Ll1'Ll ( Costu, 2012) i6mjd~.:i-d1 CJ1 ~'Llm~CJ'Llnm1ll b .U11"il 

ii b 'Llil~bln~e.i.:imn~'Ll nii b 'LllJ~flm~ bfl~e.J'Llbb~~~~ile.i CJ~.:! bb~~611lJ1jbl~~'Ll1 bb 'Ll1f1~Vl~e.Jfl11lJ~b~lJ 
" " 

~eJEJi!::3J b'IJ3J~ 

50.00 

1 40.00 

30.00 

20.00 

10.00 

0.00 

• lJLulJ~Qritilei~ 
47.04 46.18 

40.78 40.24 

fl1~~ 4. 7 ~mrn~'Uei.:iri~bb 'U'Uri11:1Jb "li'11lil:i.J L 'U:1J~b'l~t1riei'Ub~t1'U 'Vl~-llb~tl'U bbi;t~ri11:1Jf1-ll'Vl'U 
'lleM:i.JL'U:i.J~ 
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4.2.4 ~Btifil::::iJL'U:l.l~~n~eM flfil1\ilbfl~B'Ubbfil:::~\il 1i11uunv11:iJbde:ivn 

~i~ CJ 1~1 bfl11:::~t:-Jrt m1v11 bb 'IJ'\J'Vl~?le:iu1~w.n:w b .LJ11 lil:w b 'W:w~i'Vl CJ1l"l1M11'LJe:i-:iu n b~ CJ'W 
'U 

li11bb 'Wfll?n:Wb de:ivn~e:iCJ Ae:i :w 1 'W:w~ b~e:i-:itll)fi~m~~'Wn6lu 1~ f111bU~CJ'Wbb tlri-:i~m1:::?1:w~r1?1:w~ri lu 

u n n~ CJ 1 bfl~ t:-J ri 'LJ e:i-:i fl 11:wboiJ:woiJ'W191e:i.n11::: ?1:w ~ri t:-J 61 'LJ e:i-:i fl11:w ~'W bbrt::: e:i ruvt .n n 191e:i.n11::: ?1:w ~ 6'1vt6l-:i d..J 'I 'I 'U 'I 

~~m1b~CJ'W~~1CJ')f1~mm1b~CJ'W~ s ~'W ~1:wnrn'VlfltJflvl1'W1CJ-i1-:ibf1\91-e:i6u1CJ 1'W~'W'LJCJ1CJm1:w~ ~-:i 
'U d..J 'U 'U 

11CJ6'1:::bBCJ~l91e:i 1 ud 
4.2.4.1 :W fo:w~b~B-:itlljfi~CJ1~~'Wf16l'IJ 1~ 

., 
CV V .<::t i.121 V V .:::ii i.I .di! Q,..I I V .:::;:,., 

V!6'1-:J Iii~ f111b1CJ'W~~1 CJ1!]Iiimf111b1 CJ'W ~ bb '\J'\J ?1 'Ub?11::: 5 'LJ 'W 11:W f1 '\Jb 'Vl fl'W fl 

vl1'W1CJ-i1-:Jbf1\91-e:i6u1CJ 1 'W~'W'LJCJ1CJfl11:W~ u rn~CJ'W~~1'W 1 vtru:w b 'W:W~tinfXm b~e:i-:itJf\fi~ CJ1~'Wn6lu 1~?1-:i 
'U v 'U d..J 'U 

n11ne:i'Wb~CJ'W bb6'1::: 1lJ bb\91nl911-:in'Wnum1:wfl-:1'Vl'U'LJm:w 1 'W:w~ ~:w 1 'W:w~flm~bfl~e:i'Wbb6'1:::~~ri~ri-:i (mi"l~ 

4.9) btie:i-:11U1nfi1Um1:wm1b~CJ'WV'W~'Wcl'1111Ubbrt:::fi''Wvt1 Ae:ifi1Um1:wtlljn~m1:::vt11-:1?1116'1:::mCJ CuS04 

num~ HCl ?1:Wf111bfl~Ae:i [Cu(H20)J2+(aq) + 4Cl-(aq) ~ [CuClJ2-(aq) + 4H20(aq) bU'Wfililm1:w 

~v11~1 CJ ?11:w1W b ~'W f111 b tl ~ CJ'W bb U6'1-:i~~'Wf16l'U 1~e:i ~1.:i-8'~ blil'Wlil1f1~~ b tl~ CJ'W 1 tl u rn~CJ'W~'WbfX'W~1~ 

1 -il'e:itl mru f111'Vl~6'1€l-:llil1f1l?1~~i"l'U1'W~l\91tl1:::1il11'mbl91?11m111tl1mtl1::: CJ f11911 .if b U'WeJU mru f111 
'I 'I 'I 'I 

'Vl~rt e:i-:i 1 'W~e:i-:i b~ CJ'W 1~ um~ CJ'W b oiJ1hn11 b tl ~ CJ'Wbb tlri-:i 1 tloiJ1-:im'.h bbrt::: cJ' e:i'W n 6lulil 1 ntllj fi~ CJ1~ 

'Llrn~CJ'W 1~mifotllju~m1'Vl~rie:i-:1~1 CJl'11'Llrn~CJme:i-:i ?11m111 b ~CJ'W?1:wm1tlljfi~m~~'W n6lu 1~ v111 ~ 

?11m111boiJ111U:w1 'W:w~1 'Wb~e:i-:in11b tl~ CJ'Wbb tl61-:i~~'Wn~u 1~~ ~-:i.n1V'l~ 4.8 

-Um~t1'l.1?11~1'iWiJ61J1t1nT1 

b tl~t1mL'liri~Viel''l.ln;;l1J 1ii''J1nm~ 

~~bn\l1n1~b tl~tJ'l.lbb tlri~~'im~ 

Bn~-:ifilil m1:w 1'W~'W'LJCJ1CJm1:w~bb6'1:::fi1Um1:w1 'W~'W'LJCJ1CJm1:w~ AB fi1Um1:w 
'U 'U 

blue bottle reaction bU'Wfililm1:w 1~-r'Ufl11:W?l'W 11il1U1n'Llm~CJ'WbU'W€l~1-:imn zj-:Jb U'Wf111'V1~6'1B-:I~ 

?11m111i1-:i bn \91 m1 b tl~ CJ'W bb tlri-:i 1t1.LJ1-:ivtu1 bb6'1:::cJ' e:i'W n~u1U1nm1b'LJ~1'LJ1 ~ ?111ri :::m CJlil :::imJ1 b~'W 
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b n ~fl 11 bu~ CJ 'U bb u i;i '11u-if1\IVIoJ1 bb ~ bd e:i 11 \I~ '111 ?111i;i:;i;i1 CJ "iJ:; bu~ CJ 'U b l1'U1~ il ~~\I b l1'Ufl11 b n ~ 

b tJ~ CJ'Ubb U6'1\I EJeJ'U flGlU i1 fl b1 CJ'U ~~fl ~'Ub~'Ubb6'1:; ?l'U fl?l'U1'U 1 tJ nu fl11Vl~6'1tl\I vh 1 V!i1 m1 CJ'U?l1:W11tl 
'\J ' 

"~~fl~'Ub~'Ubb6'1:;?t'Ufl~1~v'i1m1vi~i;ie:i\I b -de:iV11t11?1'U b "il bbi;i:;mm1m.11m1ii~ 
'\J ' '\J 

~1~ 'Ufl~\ld1 mm 'Ufl11b1CJ'Ufl~\l~e:i 1 u,, 

"t:-Jii 1~bflCJvi~i;imbbuudmne:i'Ll v'i11 V!~~fl?t'Llmbi;i:;~'Ub~'Ll" 
'\J ' 

"~~ fl~'Ub~'U "lltJU fl 11Vl~6'1eJ\ldii1 fl vl1 b Vlb ~'U ~\I fl11Vl~6'1tl\l"il~ \I ~\lf111il 
'\J 

b U'UillrJ1bfl~~'U 1~e:i~1\l 11 vl1~rJ1fl11Vl~6'1eJ\ldb.lJ'Ufl11Vl~6'1tl\l~~'UflGlU 1~" 
'\J 

(tJ'LlViflVlGl\l?leJ'Ll, ~flii:;6 29 ~mflii 2557) 
' 

bb~ili1m1CJ'UU1\1~1'Llilii L 'LliJ~flm~bfl~eJ'Ll f1~bll'Ll~eJCJ6'1:; 28.30 b-ci'U i1m1CJ'Ll 

b oif 1 h11 ?111(:.J~~.n ru6'1~v'i1tJ5n~CJ1 rl'Ufl6'11Clb U'U?\11~\l~'U b1CJflrJ1tJ5n~CJ1~'Ufl~U1~ zj\lfl1~€JU~ 
~flAB tJ5n~CJ1EJ€l'Llfl~U bde:i~e:J\lfl11Vl11UrJ1tJ5n~CJ11:;V1rJ1\I CuS04 nu m~ HCl bll'LltJ5n~CJ1 

~'Llfl~u1~ V16"\l"il1ml1?111i;i:;i;i1CJ [Cu(H 20)4t zj\l:W~tl1b~'U8e:imdm~iim~ HCl ?111i;i:;mCJ"il:; 

flmmll'Ll~bVl~€l\l'UeJ\I [Cuoi~ i1m1CJ'LlU1\1~1moif1h--J1 m1"iJ:;b~iim~ Vl~e:i?111i;i:;mCJ CuS04 

tJfin~CJ1~\l"iJ:;~'Ufl6"u1~ (f11~ffu~tifl ~e:i m1b~iitl1) bb6'1:;i1m1CJ'Lliliil'Llii~~~mfl~?I~ ~e:iCJi;i:; 
':..J '\J ' 

56.60 b-ci'Ll i1m1CJm .LJ'11"il11?111~\l~'Uv'i1tJ5 n~CJ1nm '\J~CJ'Ub .lJ'U?111t:-J~~.tlru6'1 b1CJflrJ1 u5n~CJ1 

EJB'Ufl6"u bbi;i:;u1\1~1'U~e:iu--J1 b ll'Uu5n~CJ1~'Ufl6"u 1~zj\IA11"iJ:;~e:iu--J1b.lJ'LltJ5n~m 1 tJoif1\IV1oJ1 

70.00 

60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

0.00 

53.60 
58.00 57.00 

f111lJf1Wl1.J 
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"' V QJ d i.IV V QJ d ti ~ QJ I Q.I ~ 

Vli;i\l'<i) ~ fll'H ";itJ'U";iWl m f1'<i) fl'H11'H ";itJ'U'rn 'IJ'IJ ?f'Ub?f 1~ 5 'V'U ";j'Jjj fl'\Jb '\llfl'Ufl 
" ~ " 

vll'UltJ-~\l bfl (91-'EJ5'1.J1 tJ 1 'W~'U'V tll tJ fl'JljJ ~ i1m~tJ'U~1'U 1 mui1jj fojj&itl fl~'EJ\l b~'EJ\lfll";i b tJ~ tJ'Ubb tJi;i..:i~ 
" v " 

~~'1~'1..:i (m'V'I~ 4.11) b~ei..:i'<il1fln'<iJm";jjjfl1";jb~tJ'UTI'U~'U611";i1'<ilbb'1~f1'UVl1 ~ei n'<ilm";ijj.fl11~?1jj~'1 
" ' 

' 2- - .., "' 2- 2- + ,:; 
";i~Vl11\l Cr20 7 bbi;i~ Cr04 ~\l?fjjfl1";ibfljj Cr20 7 (aq) + H20(l) ~ 2Cr04 (aq) + 2H (aq) bU'U 

m1~?fjj~i;i~?11m";iti~..:ibfl\91tJ5 n~tJ11 tJi1..:iV1Ul'<illflfl1";jb tJ~ tJ'W~'V'El\l?fl";ii;i~mtJ Cr 20 7 
2

- ~ij~~jj 

b tJ~ tJ'Ub U'U?fl";i'1~'11tJ~ b Vl~'EJ\l'V'EJ\l?fl";i'1~'11tJ Cr04- bb'1~~\l bfl\91U5n~tJl1 tJ tJ'EJ'UflG"l'IJ'<ill fl fll";j b tJ~ tJ'U~ 

'V 'El \l ?f 1 ";i'1 :::'11 tJ~i1~ b Vl~ 'El\l b tJ~ tJ'U b lJ 'U?f 1";i'1:::i;i1 tJ ~~jj bd 'El~ 'El\l fl11\91";i1'<il?f'El'Ul11'U.fl11 :::?f jj ~'1 i1 
' 

1~m:Wfl ~~hi;iei..:i";i:::uu~i1fl1";ib tJ~ tJ'UbbtJi;i..:i1tJi1..:iV1Ulbbi;i:::t!ei'Ufl6-lu1~tJfl1";jlllml1TT 'WUmflei1~1 tJ 

m~Ufl'V'lm?f &i fl'V'Wl~ b~fl 2 'V1~ ~i1'V'Wl~~1..:in'W?16-lu 1 tJm '<il'Utl11 'W m:::tJfl'V'lm?f &i flvr..:i?f ei..:ii1 
' ' 

u~m\91";i b vl1 n'U zj..:i b tJ~tJ'\Jb Vl~ei'U eYm1 fll";j bn~un n~tJ 11ui1..:iV1u1 b vl1 nu eJ\91";i1fll";ib u~ tJ'Ubb u'1..:i 

tJ'El'UflG"lu 1 'W?fjj~'11~'W1:1Jn bb~ ~..:ii111m~tJ'Wi1jJ fojj&i~~ bb'1:::flm~ bfl~ei'Wm n~?f ~~ei tJ'1::: 50.00 bb'1::: 
' ' 

~ d VI iJ' Q,J ~ d.J O .;;f Q.I ~I Q.I ti I 

VltJ ~'U 1 bjj 'El b 'Vl ?f ?fjj ~'1 bb'11";i:::~'U'U1 '<il::: fl\l'\11 611\l'<ill flfll tlljj tlljj tl\l";i::: ~'U'Ul fl'EJ'U bb'1:::Vl'1\l b 'V1?f .fl11::: 
" ' " 

?fjj~'1 ~..:ii1'U ";i:::~uJ1'<il:::'1~'1..:i bb'1::: bdei b i1~.fl11:::?fjJ~'1";i:::~uJ1fl..:i~b ~ei..:i'<il1ntl1'<il:::";i:::b VltJeiein 1 tJ 
' " ' ' "' ' I ~ 21 I Q.I O.:::f d !11 Q.I 0 Q..I Q.:::. 

fl 'El'U bjj 'El b 'Vl?f ?fjj ~'1 ";i::: ~'U'U l'<il\l'<il::: fl\l'\116'1'El~1"1'1 'EJ\l fl'U fll ";i\91 'EJ'U Al tlljj'Vl'1 \l'<il1 fl'\111 fl'<il fl";i";ijj?fjj ~ '1 
" ' ' 

1~'W 1:1J flVlG"l..:i b~ tJ'U'V ei..:ii1 n b~ tJ'W'U1\l~1'U 'V'lu11i1 n b~ t.J'W b i11 '<il11 bd 'EJ";i:::uu b i1~.fl11:::?fjj~'1?f1";i~ \l ~'U 
" ' 

bb'1:::?f1";it:-J~191Ji' rusv1i1tJ~jj1 rub vl1 n'U b 'V'l";il :::eJ\91 ";il n1";i b tJ ~ tJ'U bb tJ '1'11 tJi1 \lVltJl b vl1 nueJ\91";i1m1 

btJ~tJ'UbbU'1\ltJ'El'Wn6-lu ~\lm'V'I~ 4.10 

UnL~tJ\.IL'V11'1J11L~eJ'S:::'U'U L oV1~f\11:::i.'llJ~'1 i.'11'S~~~\JLL'1:::i.'11'S~~\i1Jltl.l.vi 
~ ' 

ihJ~m ru wh nu 
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eJ\91 ':il f11':i\9l n(:..J~ n bb~U n b~ CJ'Ll~1'Um n\91eltrhn11 ~6'\jJ~~ ':i ~V!l1'16'!tn'U~'LJel'I bn~ ~ 1el 1 el~'U bd el b .LJ1~ 
' " 

f\11~6'\jj~~ B\9l ':i1f11'j'j~ b ~~'(Jel'l 1 el bel~'U b vl1tlUB\91':i1f11':iflTU bb il'U f11'j~1el b '\.J~ CJ'Ubb '\.J~ 'lb U'U'LJ el'l bb ~'I 
' 

b~CJ n-i1 n1':ifl1U bbU'U vt~elum~CJ'UU1'l~1'U 1 vi\vt\91(:..J~ll bdm oV'1~.fl11~6'fjJ~~B\9l':ilf11':i':i~ b V!CJ'LJel'l 
' " ' 

1el bel~'Ub vl1tlUB\9l':i1f11':i\9ln(:..J~ n um~CJ'U~'l~U6'!'U':i~V!l1'lrl1l1':i~b ~~tlU':i~ b VICJ bb~~BnVl~'loUel~ 

um~CJ'UlJjJb'UjJ~~~mn ~elCJ~~ 37.73 Uf1b~CJ'UboU1h11 'j~UU~6'!1':i~'l~'Ubb~~(:..J~\9lilru6VibU'Ubbtl6'! 

6'!1m':imn~m1~6'fjJ~~ 1'Llm'U'Ll~btl~1~ 
' 

~mJil:::IJ b'\UJ~ 
60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

0.00 

53.00 52.00 

• :uhi:w~~nlii-eN 

:w 1 'W:w~l'lm\ilbl'l~tl'W 

4.2.4.3 jJ fojj~b~B'l6'fjJ~~1 'U'IJ5fi~CJ1bfllJ 
Q.J Q.I d i.li.I V <V d 2.1 ~ ~ I Q.J .Q. 

vi~ 'l'OJ ~ f11 ':i b ':i CJ'U ':i ~1 CJ1 f1 'OJ mm ':i b ':i CJ'U ':i bb uu 6'!Ub6'! 1 ~ 5 'LJ'U ':i1jJ nm Vlfl'U fl 
" d.J "~ 

vl1'U1CJ-~'l bn\9l-elBU1CJ 1 'Ll~'U'LJCJ1CJfl11jj~ um~CJ'UiJjj fojj~tin~B~· b ':im6'fjj~~ 1 'U'\.Jnn~CJ1bfliJ6'!'lnl1 
'lJ 'lJ <I d..J 'lJ 

rlel'Ub~ CJ 'LI bb~ ~ 1J.J bb\91fl~1'1 tl'U nu fl11jj fl'li'l'U'LJel 'Jjj b 'Ujj~ lJjj b 'Ujj ~fl~ 1~ bfl~ B'Ubb~ ~ ~~~ ~~ 'l 

(m~vi 4.14) b ~B'l'OJ1nfl'OJn'J':ijjn1''jb~CJ'UTI 'U~'U61'1':i1'0Jbb~~fl'UVl1 fiB n'OJn'J'Jjjf11'JVl~6'!BU 1B1elel'U 
" 

(Ill) 1Belel'Ubb~~ 1B1elel'U (II) 1elelB'U ~'l6'fjJf11'JbfllJ 2Fe 
3
+(aq) + 21- (aq) ~2Fe 2+(aq) + 12(aq) :W 

f11'ji'l~~el'l b U'U6"11~U~'U~'l bb~ 1Tif11':ii'l~6'!elU 1B Bel'Ubb~~~'UiJ~~:nB ~ f\11~6'\ll~~ bb~~~'U\9lB'U f11':i°l11 
" ' 

6'!1':i~~mCJ Fe 
3
+ mv11'1J5il~CJ1tlU6'!1':i~~mCJ 1· bb~TVl~6'!elU 1elelel'U 1 'Ll.fl11~6'fjJ~~\9lljJ1Tif11':ii'l~6'!elU 

1 'Ll~'U\91 el'Ubb ':in b ~el\9l':i1'0J6'!Bu11'\.Jfi n~CJ1db U'U'\.Jfi n~CJ 1~el ~1'Ll.fl11~6'fjJ~~V!~el1J.J bb~~~'U6'!~Vl1CJ d.J d.J 'U (j (j 
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Vl1?1?1eJ'lJLJ5 fl~tJ1 {f e:i'U fl~'lJ bl?1tJl'1111iJ?leJ'lJ 1e:ititi'U~ b lJ'U?111~~~'U b ~eJ~'UcJ'Ul1 ?111~~~'U~?11:W11t1 
1'111liJ?leJ'lJ1~'11 fll'l tl'U~ 2 Jm lJ'Ul~~ ~ l'lfi ruorJ'lJti~LJ5 fl~ tJ1 {f B'U fl~'lJliJ ~~ 1:w1 '1i?111~ b VI~ tlliJ1 fl fl11vl1 

LJ5n~m 1~vt:W\?1 vh 1 VlVl11'lJ11LJ5n~ m~ bfll?l~'Ub lJ'WLJ5 n~ mer'U fl~'lJ 1~1iJ~ ~ zj~ fl11~'W' n b~tJ'U 1~6'l~i'Je:i 

v11m1VJ1?16'lti~e:i ~1~~~h~~bb~l'1B'U bb 1nt:i~l'1B'U?11?1VJ1tJ 1iJ~v111 Vf-Um~ tJ'U:i1rn1:w b oLJ'1 h1~'lJ'lJ~titJ1 'LI 
' 'U 

m1~?1:W~6'le:i~1~-8'1?1bliJ'U 11:w~~boLJ1h15n111'1111iJ?1B'lJ1e:ie:ie:i'W1 w111~?1:W1?16'lvi'~mw~ 4.12 bb?1~~~6'l 
' ' 

fl11vl1 flliJ fl11:W fl11Vll?16'l eJ ~'lJ ti~'U' flb~ tJ'U eJ ~1~ b lJ 'U~1vl'lJ.ff 'U ?f~~6'11 Vf 'U' flb~ tJ'U:iJ:W b 'U:W~ b~B~?l:W~6'l 1 'W 

LJ5 n~ m brii1~~ n11 n e:im~ tJ'U 

tl'mfouiiA11m -V1h1 ub~B~ ?l:!J~'11 ut15fi~f!1bl'1ii'11f1f11'iVl\91'1B~ 

bllu~1i;i'u~u\i1B'tJ 

. 
f><'1i.riJ 

r~·- ---:r------
~~ ~ 

fl1w~ 4.12 ~1eJ~1.:i~f;lm'j'V11nl\Jm'ji.im'j'Vl~f;leJ.:Jb~eJ.:im.1~f;l1ut1~m'11bflij"lleJ.:ium~m.1 

eJ~1.:ibtlmh~uoffu 

~1vtfonliJm1:w1'W.ff'U'lJtJ1tJA11:Wf AB unn~tJ11~V!l1~ FeS04 bb6'l~ AgN03 

b U'U nliJ m1:w~:i1~ rn.-Jru~ri~ 1 tJ n'W bb~ b LJ~ tJ'Ub U'U?111~'U :i1 n11VJ1?1?1B'lJ ?1111 wn1 ~?l:W~6'l b ~e:i 1 'IX 
' 

-Un b~tJ'U 1vi':i1ri11:w b oLJ'11liJ b~ tJ1nU?l:W~6'l1 'W'IJn n~mbri:iJ bb6'l ~~~fllBfl11V1~6'!BU6'!11~vtmnvtmtJm fl 
' ';',.J 'U 

~'U -Un b~tJ'U~~:iJ:w b 'U:W~~tlfl~eJ~b~eJ~?l:W~6'l bA:i11 'WU Dfl~tJ1bAlJ:W1fl~'U -Un b~tJ'UU1~6'i1'UlJ:W b 'U:W~ 
'U ' ';',.J 
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' " ' 
'1leJ-:J?l1';iv.J~~.n rueviri~G'M bbrt ~ b:Wei b-V'1'1m1~?1:1.J~rirn1:1.J b oV:i.JoV'W'1JeJ-:J611'j~-:JV!:i.J~fl-:iYi 'l!fl b~tJ'Wi1:i.J 1 'W:i.J~ 

" ' 

LJ5 fl~ tl1 bfli1YI el61:1.J f\1';i fl1 ';i~1J fl b~ tJ'Wi1~'W J]1'W b~eJ-:iLJ5 fl~tl1 bfli11! el tlvl111X1J fl b ~tJ'Wi1 f\11:1.J b oV11 '1~ 
Ammfl~eJ'Wbbrt~~~~-:i~1ei~1-:im'j~eJ'l.Jfl1tn:i.J'1lei-:i1rm~tJ'Wvt~-:ib~tJ'W ~-:Jf11i'I~ 4.13 tr m~tJm-LJ'11'111 
fl1Wl~61el'l.Jv..l~~.nruevi'1JeJ-:JU5n~tJ1~el Fe

3
+ bbrl~ I~ 611:1.J1'jtlVl~G'leJ'U1~tJ1oU611'j K3Fe(CN)6 1~~-:JG'lel-:J 

611';i bb~1 'Wfl11:1.JblJ'W'1~-:J Fe 
3
+ Vl~G'lel'U 1~()1 oUG'l1';irt~mtJ NH4SCN Fe 

2
+ Vl~G'lel'U 1~()1 oUG'l1';irt~mtJ 

K3Fe(CN)6 '11'W I Vl~G'leJ'l.J1~tJ1off611';irt~mtJ AgN03 

~m.1%'1::1.11'U:u~ 

45.00 
40.00 39.00 

40.00 

35.00 

30.00 

25.00 

20.00 

15.00 

10.00 

5.00 

0.00 

42.00 

• ii1LJii&i~nl'i'eN 

ii 1'1.Jii~rim111bri~ei'l.J 

f'l11lJf'IW1'1.J 
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,, 
VI~ 'I~ VI fll'H~ t.J'U i~1 t.Jl {] ~ nJ fll'H~ t.J'Ui bb UU ~'Ub?ll~ 5 oLJ'U ~1Wlu b 'VlfltJ fl 

vll'Ult.J-~'1 bfl\91-el5U1t.J 1 'Ll.ff 'U'lJt.Jlt.J fl11l.11 ir flb~ t.J'UiJl.I fol.I~ t"1 fl~ el'! b~ el'le..J~'lJel'lfl11l.lboLJl.JoLJ'U~ €l.fl11~ 
" " 

(.f11'1'.J~ 4.16) b~tl'l'i\11flfl'i\Jfl'j1l.Jfl11b~ t.J'U-rl 'U.ff 'U?f 11T~bb~~fl'UV!1 fitJ fl'i\Jfl'j1l.Je..J~'lJ€l'lfl11l.lboLJl.loLJ'U~€l 
" 

m1~?ll.l~~'ll€l'IU5fl~t.J11~V!11-:i Fe3\b~~ SCN- ~'l?ll.lfl11 Fe
3
\aq) + SCN-(aq~FeSCNJ2+(aq) 

b lJ'U fl'i\I fl11l.l~vl1~1 tJ .ff 'U \91tl'U1&.Jiu sif tJ'U ?Ill.I 11 ti~ 'I bfl \91fl11 b 'lJ ~ tJ 'U bb 'lJ ~'I'll tl'l.fl 11 ~ ?ll.I VI~ 'i\11flfl11 
' 

b LJ~ t.J'U~'lJ€l'l?l11~~mt.J b otlm~t.J1 nu b~tl'I fl11 b LJ~ t.J'Ubb LJ~-:i~er'U fl~U 1~ bdtJiJm1 b ~l.lfl11l.I b oLJl.loLJ'U'lJtl'I 

?111~-:i~'U 1frh'1~b~l.l?l11~~~1t.J Fe
3
+ V!~€l?l11~~mt.J SCN- b'U1~UU ?l11~~mt.J'i\l~b'lJ~t.J'Ubll'U~ 

bbVl'lboLJl.l~'U bb?lV1-:i11 bflVl'lJ5 fl~t.J11 LJ.LJ1-:iV1-U'1l.l1 fl~'U e..i~\91.il ru41 bflVlmn~'U bb~l11~V1fl11l.I b oLJl.loLJ'U'lltl'I 

?l11~'1~'U 1VI tJ b~l.l?l11U1'1'lJ'LlVl~'l 1 'ULJ5 fl~ t.Jl ~'lJ€l'l?l11~~~1t.J'i\l~'i\11'1~'1'<\l'U1&.J~~ v\'11 Vlb ~'Ue..J~'lJel'I 
fl11l.I b il.1-iJ'U~~~ €).fl 11 ~ ?ll.J VI~ el~1'1'1TVI b 'i\l'U B fl~'lir fl b~ t.J'U b~l.lfl'U bfl tJ nu fl11~'1 bfl\91 fl11 b LJ~ t.J'Ubb U~'I 

' ' 

1111 n.::~u11::f "itlt.iM'l'iVlftn8~ 1 
______ 110_~\Jill'"ff~@aro.1.~.f!lf ~~.~~J{~{'*.1.~4>.tni'i~a".11.1, 1'-~~ 

rl\l1.J1:V~ ;m,J~ 11(7)' ~ f 'JJk." ,:\; ("', • • o '° "'°''''"'"'l"Ho";f"""';:/'"\'""''"h 

--------- -.. L ..... r . w .. t ---~ .. ~~.~--· ~ ...... r1~-~n'1~~1a•lf4 _ 
''~lJ.~-~~fY11-~Jr?.J.M<11~1r~~~11t.l1 ...... ~--,:~;~~~:r~~~~- -·-

-v~v"'>1..J 1r~I,,y-r0~1sM-u Gi\l~J~ w~r1,i"D1r~t'l~~1 .................. " .. , .... . 

tl'm~flm-U1h~rn.n·rneJ6u18Vil'l'Vl1,nT11u~m.mu~~'VB'uljn°181 

'il1nni'i~'bnl'!n1'ibU~ffUbbU~'~'V'il'?11w~m8 

611V1-rufl'i\lfl11l.l1'W.ff'U'llt.J1t.Jfl11l.l1 fiel fl'i\lfl11l.1?1l.IV1mfl~1~V111-:i 
" ' 2+ 2- ., 2+ - 2- d "' 

[Co(H20)6] bb~~ [CoCl4] Vl'l?ll.lfl11 [Co(H20)6] + 4Cl ~ [C0Cl4] + 6H20 bl.lelb\91l.lmVI 

HCL ~-:i 1 LJ1 'U1~uu b U'Ufl11b~l.lfl11moLJ'l.l.LJ''U'lJel'I Cl- 'i\l~v111 Vf?111~~mm'lJ~t.J'Ub ll'U~J1b~'Wmn~'U 
bflVl'lJl) n~ti11 LJ.U1-:iV1-U'1mn~'U 1~e..i~\91D ru4imfl~'U bb~~ bdm~l.IJ1 ?111~~~1t.J b'lJ~ t.J'Ub U'U~'lJl.li;j 
bb?l V1-:i11 bflVIU D fl~ tJ 1 ff el'Ufl~'Ul.11 n~'U 'i\l lfl?l el'! fl'i\I fl 11l.l~'I fl~11v111 Vfir fl b~ t.J'U b -iJ1b'i\ll.I1 'Lll.I~ b~el'I 
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~61'1JeNm1:1whJ-U''W~Bn11~~i1~611ti1~~'W bb~ ~-:ii111 rn~tJ'Wu1-:i?i1'W~ ~-:ii1ii b 'W&-J~ Am~ bfl~B'Wbb61 ~~ ~ 
' 

mn f1~b ll'W1'BtJ61~ 35.85 f1mb uuvi~~Bu bMtJ1nu ~61'1lB-:Jfl1db~ii~1du1-:i'lJil~~vh1 Vi'A11iib-Uii-U''W 

'LJB-:J~ld ~-:) ~'W61 ~61-:J bn~tJ B n~ tJ1 cJ B'W fl~'Um fl~'W?i-:J ~61 ~ B~'LJB-:J~ld~ ~ IPln tusvl'<il 1-:J61-:J bb~1! fl b~ tJ'W 1~ Vi' 

l°111PlBu11 md'<il~b~iitl1b~B 1 Vf~1d61~mm~B'<il1-:imn~'W l~tJ 1~11'<il1dru1 tJBn~tJ1m'<ilvi~n1V1'W~ 1 Vf 

tJd~flB'Ufl1dlPl8'UA1'11&-J zj,:iiJm~tJ'W~8-:Jlbfid1~Vlb'<ilVl~ 2 i'WIPIB'W i'WIPlB'Wbbdfl fl1d~~'LJ8-:Jt:-J~IP!Jltusvl 

'<il1-:J61-:i b ~B-:i'<il1mn~tJBn~tJ1cJB'W n~u i'WIPlB'W~~B-:i fl1d~tJBn~tJ1'<il~ bn~flldcJB'W n~u 1~ m1ii 

b-U'&-J-U''W'LJB-:J~1d~-:J~'W~B-:J61~61-:J 15md~'<il~vl11 Vl~1d~-:J~'W61~61-:J t!'WAB '<il~~B-:J b~iJ~1d'U1-:J'lJ'Ll~~m 

v11tJBn~tJ1v111 Vf f111iib-Uii-U'W~1d~-:i~'W61~61-:i zj-:i1 'W hvitJ1~n1V1'W~tJBn~tJ1dbb~1 lhirrn~tJ'W 1~1~ 

1 bm1~~8~1-:itinvi1-:ibb~1 n'<il~i11Bm~~'<il~i1ii l 'Wii~flm~ bfl~ B'Wbb61~~~ 1~ bb61~Bn'Vl~-:i-UB~irn b~tJ'W 
" 

i1iil'Wii~~~mn ~~bll'W1'BtJ61~ 35.85 AB bb'U'UVl~~B'U m1~~il~61 CzH6(g) ~ Hz(g) + CzH4(g) 

li'1b~iibbn~ H2 61-:i1 tJ1 'Wd~uu '<il~v111 Vfm1iib-Uii-U''W'LJB-:i~1dvin\9111 'Wm1~~ii~mtJ~tJ'Wbb tJ61-:iB~1-:i 1 d 
' ' 

?i1'U 1 Vlajirrn~tJ'W'<il~\PlB'Ul1 fl11m-U'ii-U''U'LJB-:J bbn~ C2H6 b~il~'W bb~fl11&-Jb-U'ii-U''W'LJB-:Jbbn~ CzH4 bb61~ 

H2 61~61-:Jb'V'ld1~VlP1Vl1-:J'LJB-:J~&-J~611 tJVl1-:ii1tJ b~tJ~iJ 1 tJ11 flld~b~il bbn~ H2 61-:J1 tJ1 'W~1d61~611tJ d~'U'U 

'<il~tJ~ufl11iib-Ui1-U''U'LJB-:i bbn~ H2 1 Vf61~61-:i b ~m-U1?i~i1~611 VI~ bb~b~m VitJunufl11m-Uii-U''W'LJB-:ibbn~ 
" ' 

Hz b~ii A11iib-Ui1-U''W1Vl~n~-:imnn11b~ii ~-:it!'W fl11iib-U'ii-U''W'LJB-:ibbn~ Hz ~-:ib~iJ~'W 

~tl~~::ilb'Uil~ 

60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

0.00 

52.00 52.00 
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" QJ Q.I d iii.I' Q.I CV .::::ii ii <di CV I Q.I .Q. 

Vlrl ·:J''il \il fl11b'HJ'U1(i)J tl1n"iln':ifl1'H "H.J'U 'Hb 'U'U ?l'Ub?11::: 5 'LJ'U 111.1 fl'Ub 'Vlfl'U fl 
" -:..J " 

v11'U1 ti-61'-:i bfl1?H16u1t1 1 'Ll.rr'U'LJtJ1 t1m11.1~ -Wm~ t1'Lli11.11 'Lll.l~bl fl~ eN b~el'lt:.Jr1'1lel.:Jm11.1 b .U1.1-U''Lll'ielm1::: 
" " 

?ll.l\ilrl ?!'I fll 1 ri el'Ub~ tl'U bbrl::: 1:W bbl?l fl \Yi 1'1 n'U nu fl11l.I fl'l'Vl'U'LJel'llJ 1 'Lll.I~ i11.11 'Lll.I ~flrll\il bfl~ el'Ubbrl::: e:l (ii 
' " 

ri\ilm (.n1'l"l~ 4.20) b ~el-:i"il1fln"ilm11.1m1b~t1'UTI 'U~'U'1111"il bbri:::fi''U'Vl1 ~elt:.Jr1'1Jel-:ifl111.1~mbri::: 
" 

I I 'l/ I I I 
QJ .::i.. QJ V d Wdll~.idl.::i.. QJ ..:!ii 

?I 'I b fl l?1m1 b '\All.I bbrl::: ri \il m 11.1 \il'U "il 1 fl m1?1-:i b fll?l ?I'll el'I bbfl ?l'Vl b 'LJl.l'LJ'Ubl.I el b '\All.I fl11l.l\il'Ubbri::: "il 1-:i ri -:i bl.I elrl \il 

fl11l.l~'Ll1 'Un':i:::'UelflQ\il m '11wfot:.Jri'LJel.:Jelbl..m.nill'ielm1:::?11.1\ilri"il1flm1tl1 bbfl?I N02 u11"il 1 'Ll'LJ1\il 
'I 'U 'I 'I 

bbrl1'LJ'U1\ilb~mb~1tl11 tJ bb'IJb ml1~muVJ.niJ~1bbr1:::?1.:i ~'1lel.:Jbbrfo1 'U'LJ1\il"il::: bu~ ti'U 1 tJm1.1elruVJ.niJ'LJel.:J 
'I " 'U c:i 'U 

J1 ~el bbn?!:W~b .U1.1;mdmb 'IJ1 'Lltl1~elmbri:::~"il1.:iri-:ibdel wd1 'Utl1b~'U v\'11 ~?11m1m.U1 hVi~'Vl1.:im1 
tJ~u\911'LJel'l?ll.l\ilr11~~"il1fl~~b tJ~ ti'Ubb tJri.:i bbri:::n"il m11.11 'Ll~'U'LJ t11t1 m11.1~ ~el Carbonate soft 

' " 
drink zj.:Jbtl'U?ll.l~m:::Vll1.:J C02 bbrl::: H2C03 ~.:J?ll.lfl11 COh) + H20(l) .....-'-i2C03(aq) ~m 'U'LJ1\il 

J1-eJ\ilri1.1 zj.:itrfl b~tJ'U?11m1bl'l"l'U b"ilel 1~vi'11 tJ -Wm~t1'U?11m1bl~.:i bfll?lt:.Jr1'1lel.:Jfl11b~1.1m11.1~'U b\ilt1m1 

tJ\il'LJ1\ilbbri:::t:.Jri'LJel.:Jfl11r1\ilfl11l.l~'U"il1 flfl11b tJ\il'LJ1\il tr m~ti'U?11m1bl~.:i bfll?lu~mrubbn?I co2 "il1fl 

'l"l el .:i bb n ?11 'U'LJ1 (ii v111 ~tr fl b~ tJ 'U b .u 11"il1.11 'U1.1 ~ b~ el.:i (:.J ri 'LJ el.:J fl 111.1~'U~ei.n11::: ?11.1(ii6'1 bbri::: t'r .:i ?111.111 bl 
' 

b zjel1.11ti-:i~.:i~b~ti'U-rl 'U~mb~tim~t11 nu?11.1\ilri bfl:Wnu~11?1tJ1:::'11l''U'LJel-:i'W'fl b~ti'U 1~ bbri:::n"il m11.11 'Ll.ff 'U " , 
2.1.c:i .d .c::i., <di I 2+ 2- CV d 

'LJ ti 1 ti fl11l.I ~el fl Vl'U.:J fl "il m11.1 fl el ?ll.I ~ ri 1::: Vl11.:J [Co(H20)6] bbrl::: [CoCl4] \il.:J ?ll.I fl 11 bfll.I 

[Co(H20)l\aq) + 4Cl- ~:cooi-+ 6H20 u5n~m-dtrm~t1mflm"ilmb~11m~el.:i t:.Jr1'1Jel.:im11.1 

b .U1.1.U'Ul'ielm1:::?11.1\ilri '11Vl~'U 1m~el-:i-d"il:::tl1?111ri:::mt11?11 'Ll'LJ1\ilbbrl1'LJ'U1\ilb~ fl bb~1tl11tJbb61.fb 'Utl1 b~'U , 

11m~ t1'Uu1.:i~1'U~t'J.:i~1.1 b 'Ul.l~fl6'11\il bA~el'Ubb6'1::: ~ \il 1.1 b 'Ul-1~~11 m~ti'U~A11JJ 

flrll\ilbfl~el'U 1 'Llmfl~el b~el.:Je.Jr1'1lel.:im11.1~'Lll'ielm1:::?11.1\ilri fi\ilb ll'Ll~eltiri::: 33. 96 i1m~t1'UtJ.:J~fl111.1 , 

fil'i el bdel'11'U1'U 11.1m11.1'1Jel.:J?l11~.:Jl?i''Ub vl1nu'11'U1'U11.1m1 lJ'LJel.:J?l11t:.J ~ l?lJl ruo/i bbl'i'W' fl b~ tJ 'U'U 1.:J ~1'U1~ 

1?1elu11 m1JJ~'U 1:Wi1t:.Jrinl'imdei '11'U1'U 11.1ri111.1'1Jel.:J?111~.:il?i''Umflfll1t:.J~1?1.tlruo/i Vl~el '11'U1'U 11.1ri 

11lJ'LJel.:J?l11e.J~\?1Jlbl..!evll.11fl fll1?111~.:Jl?i''Ul?i''U Vl~eltJfl b~tl'U'U1.:J~1'U 1:W b .U11 "ill1 fl11 b ~l.lfl11JJ~'U'11Vlfo 

u5n~t11~'11'U1'U 1JJm1JJ'LJei.:i?111~.:il?i''Ubb6'1:::e..i~1?1.tlru6Vlbvi1n'Ui1'U 1:W:We..iril'ieim1:::?1JJ~6'1 ~.:im'l"l~ 4. 11 
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1. 

··er-· 
-~~~~--4f--~+-~~~~-----~ 

~ 

~.:il\l1'U1'U 1:wm1:w'll e:i.:i?l1J~ .:i ~'Ubb'1~"il1'U1'U 1:wm1:w'lle:J'l?l1J ~~1?1.il ruev'i bd e:i b ~:w'Vl~e:J'1 ~m1:w ~'LI 
VJP1V11'l'LJeJ'lfl11 ~ ?l:W~'1-;u ~ bl°l~ e:J'U 1LJ-LJ'1.:i'Vlu1Vl~e:i ~ m.i n'1tJ rh'U 1 m~e:i.:i ~'1'LJ e:i .:i e:i ru'Vl fliJ ~ e:im1~?l:W~'1 

'I 'I 'U 'I 

Llm~ tJ'Uilbe:i n1?1ii:w 1'W:w~1°1'11~ bl°l ~ e:J'U 1~m n ~1'U:W 1 'LI:w ~~ ~ ~m n fi ~ b lJ'U ~e:i tJ'1 ~ 37. 73 1 'LI 

bbtJtJVl~?le:itJ b~tJ1 ntJ f11Jb ~:wLJ~:w 1ru~~1?1.il ruev'i'LJe:i.:iLJ5n~tJ11°11tJm1:w~e:i'LI b~'U Llm~tJm oiJ1h11 

LJ n n~tJ1 \011 tJfl11:W~eJ'U tll~e:J'l f11J 1 m~~~ \?lJl ruev'imn~'Ufl'JJ b ~:We:Jtu'Vlflil bb?l ~.:i11'1 f1 b~ tJ'UtJ .:i61'tJ?l'W 
d.J ' '\J 

J~V!11.:iLJBn~tJ1~~Vl~eimtJm1:w~e:i'U ~.:im'V'j~ 4.1s ?lei~l°l~e:i.:intJl°l11:wboLJ'11-;u:w 1'W:w~J~Vl11.:ib~tJ'U 

'LJ eJ'ltJ f1 b~ tJ'UtJ 1'l ~1 'W~ l?1e:JtJfl1m:w1 mb 'U 'U rJ m:1~zj'l\?1 e:J'U '1JlJ ~'LJeJ'lD B n~ tJ1 ~ f1 bb~ b ~ tJ'UVl PlVl 1'l'LJ eJ 'l 

LJn n~ tJ1 bb'1~ ~(l'LJ eJ'l f11JJ'U f11'U~ ~ bdm ~:w bb'1~'1 ~ eJ tlJVlfliJ'LJ e:i.:iLJ n n~ tJl~~\0111:\J~eJ'W ~.:jfll'V'j~ 4.19 d.J 'I 'U d.J 'U 

~' '-}~, ,_" _,,,, 
-...... -... -................................... ,, ........................................................... -~ .......................... ~ ........... --·· ... .-... ._ 



60.00 

50.00 

40.00 

30.00 

20.00 

10.00 

0.00 

un b~ m..ib ~ ti'UVi 1'1viwue:i~tl~ fi~ v 1 bb'1::: e.J'1'lJ e:i~nwrn m'Ui.'l:u ~"~vi 

1~e:i b ~:u bb'1:::'1vie:iru111 fl:iJ'lJe:i~tlfi fi~ v1 vivim1:u~v'U 
~ 'll d.J \J 

48.90 
46.20 

6.20 24.90 11 ii1uii~flmvibfl~eiu 

fl11l.lf1Wl'U 
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tl' fl b ~ tJ 'LI b .if 11'1VIf(fl6lJ a \lb ft a "111 b ~a~ b a 611it11tia~'lJ1 tJ b VI~~ ft bb ft~ 'lJ a fl Vi l"1vi1\l6ll a 'l 'l.l 5n~tJ1 ~ 

b 'l.l~ tJ'Ubb 'lJ ft\l b~ at1 mtJ fl1'U.fl11~61it~ft 1~ ti fl\l)a\l ~\l~ b lJ'U m11'U m'U 1~ tJ m1 b ~:i..J-ft ~ri11:i..J~'Ubbft ~ 
~ ' ~ 

muV1.fliJ 1~mu'V'l1~b~a'l~mHuV1.fliJ irm~tJ'U611m1m~'U1~·-h'tJfin~tJ11~bll'U'l.lfin~tJ1~~V1~ari1tJ 
, 'U , 'U q d..I d..J 'U 

A11:i..J~B'Ub~B~fl111'Ufl1'U61:i..J~ft 1~'U'Ulil~'lJ-r'U~11 'IJ1 'Ufil"1Vl1\l1~ ~\l6'1\l~ft 1 Vftl'm~tJ'U~\l~:i..J b 'U:i..J~b~B\l 
' 

~ ft6(JB\lr111:i..Jli1''Ubbft~BtuVI .fliJ\91el.fl11~ 61:i..J~ft 1~t1 fl(>) B\l:i..J1 fl~'U bbft ~'U11tJ 1 fl11"11 'U fl11 b~tJ'U~ b ll'U fl11 
.. 'U , 'U 'U 

b~tJ'U~~61'Uf161'U1'U V\'1vi1tJ tl'm~tJ'U~ri11it61'U 1'11 'Llfl11Vl~fta\lbbft~ m~~a~a~'U~a tllfl'1~ b~tJ'U~a~1\l 
~ ' ~ 
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iJ ..::.. CV .c::::il 

?f~'VlE'UA11l.JA~~~~~~'U 

"~~fl~'Ub~'Umflfi~ b1J'Ufl1'j'Vl~~E~~~E~1-1i'A11l.J'j~~~d~l~E8~~E~b1m bb~ 
~ ~ 

b.lJ'Ufl1'j'Vl~~E~~?f'Ufl 'IJE'lJ" 
q 

"b.lJ'Ufl1'j'Vl~~m~?f'Wflmn ~'Wb~'W Vi'1'Vl1~ 1~foA11ii~mnm~1 'Ufl1'jeJ~bbn?f 
q ~ 

~~Efl1'j'Vl~~E~~1~ ~" 

"1udb1J'Ufl1'j'Vl~~m~i.11~m~u b'Y'l'j1~b1J'Llfl1'j'Vl~mM~Vi'1'Vl1~ bb~n?tunmn 
q 

4.3 mruf1n~111m~£J'U~th~'W1'1 

cl 
b~°ll'Vl 

48 

44 

51 

32 

1 

40 

45 

26 

14 

24 

tl'm~~'W~i1A~bb 'Wm.J 1 'Ul.J~rlE'Ub~~'U ~~~b~~'Wbb~~A11l.JFl~'Vl'U6UE~l.J 1 'Ul.J~?f~?f~bb~~ 
~ q 

20 52 55 53.33 

20 47 53 45.00 

28 53 49 41.67 

15 35 24 33.33 

15 32 35 28.33 

15 28 20 21.67 

36 45 51 15.00 

23 31 18 13.33 

22 24 29 3.33 

25 23 23 -3.33 

-Jm~~'W~i1A~bb'U'UrleJ'Wb~~'U?f~?f~~eJ b~"V~ 451~ 36 A~bb'U'U bb~~~1?f~ ~E b~"V~ 1 
~ q q 

b~"V~ 32 bb~~ 401~ 15 A~bb'U'Ubvl1fl'U~~ 3 A'U bb~~bdeJ'\4'<iJ1'jtlJ1A~bb'U'U~~~b~~'U '\lflJl1 b~"V~ 51 
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14 1~ 24 fl~bb'U'U bb6'1~b6'1'iJ~ 24 1~ 23 fl~bb'U'U bdeJ~"il1'HW1fl~bb'U'Ufl111lfl\l'Vl'U'iJfJ\11Jfo1J~'W'U11 

b6'1'iJ~ 48 i1fl~bb'U'U?l\l?I~ ~e:i 55 fl~bb'U'U b6'1'iJ~ 44 1~ 53 fl~bb'W'W ~1'Ufl~bb'W'W1'Un~11~1 ~e:i b6'1'iJ~ 
'U ' ' 

' "" ., "" 
fl!::: bb 'IJ'L.13.l b 'L.13.l~ • n fJ 'Wb 'HJ'U Vl6'1\lb 'HJ'U • fl\l'Vl'U 

60 55 
52 53 53 

51 

50 

40 
31 

29 
30 

28 

i.20 •,, 
20 

d ~ 

' 

10 

0 j 

d 48 44 51 32 1 40 45 26 14 24 
b~"ll'Vl 

"' ' ' d lid d d I 6"d -:!ii ~ .c::il Q..I .i:::::il Q 

11fl1111~'W'W]'l'Wbfl1lbb6'1~~6'1nTH JCJ'Ue:i~ bnru6Vl~ b1le:J'W"il1dru1~6'1n1db dCJ'U'iJeJ·mm dCJ'Wb6'1'iJ'Vl 1, 32 

bb6'1~ 401'Wd1CJ1'1f1~'U 1 'Wu11 b6'1'1J~ 1 bb6'1~ 32 bU'Wirm~CJ'Ud~~utJ1'Un6'11\I zj\lbflm~CJm~e:i\I 

'\Jn fl~ CJ1 bfliJ bbl?ie:Jl"il "ii~ b~CJ'U~ bb 'U'Uvle:J\I~ 1 ~\I hl?111J1Jt11.J1fl111J~~ b~CJ'Ubb~1111 b zje:J1J bCJ\I fl111l-rl VI~ d.J 'U 'U 'U 

1~ ~1'ULJnb~CJ'Wb6'1'1J~ 40 bU'ULJnb~CJ'U~e:i~1'Wn~11~1 biie:iu'Vlnl'if1 irm~CJ'UiJ~'U~1'U'Vl1\lnldb~CJ'U 
'U q , d.8 
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~w.J'U1fl1j'VJ1~ fl1jb~CJ'U.ff 1~1fl zj~ bde:iri"iJ1jt\J1A~ bb 'U'U~ 1 'W~~Vl~~b~CJ'U bb~~\"111~\"l~'Vl'U"lle:J~~ 1 'W~~ 

n~~e:i~1 'Wj~~'IJ b~~ b~e:J~"il1flfl1j~Vtfl1jb~CJ'U~~1CJlf'l~mfl1jb~CJ'U~bb'IJ'IJ~'IJ b?l1~ 5 .ff 'U e.J?l~e.J?l1'U 
'\J ~ d.J '\J 

n'IJ b 'VlfltJAvl1'U1 CJ-61~ bfl~-e:i5u1CJ 1 'W.fimi CJ1 CJ\"111~~ ~~ b?l~~1 Vl'Llfl b~CJ'U 1~ fl AV\ A'UVl1ff"J1~~ bb~~ 
~ ~ 

b tre:iV11~b~CJ'Ub vi1~A'Jj A~~~fl1j?\e:J'U61ie:i~b?l~~'We:im 1mb~CJ'W 1 Vli:Jm~CJ'WA'Wif1vimo'V'n~ Ae:JCJ 11 VI 

,:rm~ CJ'U 1~vl1A11m oLJ1 h b zje:i~ 1CJ~ n"il mj~~i:r flb~f.J'U 1~v11 nub ~e:J'U 611 'WVle:i~ b~ CJ'U me:i5u1CJ1 VI 

irm~CJ'Wb .LJ1 h8 fl A~~ bb~~vl1bbUU!J fl'!Xvib ~m~~ 
' ' ~ ~ ii ii !V V .:;:ii CV d d.c::ilil !V ti 

b~ e:J'V'l"il 1jt\J1je:J CJ~~A11~fl11Vl'U1"1Je:J~'U fl b jCJ'U 'U fl b j CJ'U'Vl~ je:J CJ~~\"111~ fl11Vl'U1?1~?1 Vt 
~ ' 

~m~"ll~ 48 zj~bll'Wirm~CJ'W~i1e..i~fl1jb~CJ'We:JCJ°'l'Wj~~'IJ~ bb~~b~"ll~ 44 bll'Wirm~CJ'W~i1e..i~fl1jb~CJ'W 
~ 

e:i~"l 'Wj~~u1.J1'Wflm~ "il1flfl1j61'~bfl~'V'l~~ mj~"lJe:i~irm~CJ'W 1 'W"lltu~b~CJ'W 'V'lu11 i:Jm~CJ'Wi1m1~?1'W h 
~~1"il bb~~1Vlm1~~1~ne:i1 'Ufl1jvl1n"ilmj~e:J~1~m 'Ufl1jvl1n"il mj~'VJfln"iJmj~"iJ1flfl1j~V\n"ilmj~ 

' 
fl1j b~CJ'Wfl1j?le:J'W J\'1 c.Ji'!] ~mmj b~CJ'Wibb u'IJ~u b?11~ s .ff 'W ~1~nu b 'VlA'LlAv11mCJ-61~ bfl~-e:i5'1J1CJ 1 'W 

.ff 'W"ll CJ1CJm1~i i:r rn ~CJ'W1~ fl~~r\'1m~ 11~ bbe.J'W fl1j'VJV\~ e:i~ tJ5'1J~fl 1j'Vlvi~e:i~ b ~ e:iV11r11~e:iu 

nlil mj~.ff 'Umj611j1"iJ bb~~A'UV11 irm~CJ'W 1J\'v11mj'Vl~~e:i~ 1~m 1-tie:itJmru~V111191~1m!fl b~CJ'W 119i''V'lu b lile:i 
' 

A'U"il1fl 1if~~mt 1if "ll1Vlbbtl1"1J'U1~b~flbb'Vl'UDflbfle:J1 bbfl~flj~'lJe:JflQV\CJ1 ?11mjt1thm 1 m 'Ufl1j~V\fl1j 
b~CJ'Wfl1j?\e:J'W bbfl~b~'WA11~ bzje:i~ 1CJ~"lle:i~161J1 bAi1nu~1~th~"ili-fo v111 Vlirm~CJ'Wi1A11~?1'W h bbfl~ 

m~~e:i~e:i~'W~"il~b~CJ'W~mfl~'W Bfl~~"i\'1'U1'Wirm~CJ'W 1 'Wbbl9i~~fl'1~?11mjti~vi"il1'W1'W~~"il1flfl'1~1 Vlru 
'\J , , v 

irnll'Wfl'1~fl~ 3 A'W b~e:i~"il1fle:itJmru?11~1jm~1t.J~119i'V1mt.J61J~ ?11jbAi1mii1tJ~mrui!e:it.J (buu 
' ' ' 

Vlt.Jvi "i11m~~~b~~CJ~bll'WDfl~~~j) ~1CJl9ie:imjv11m1~?1~mvi bb~~~mnu ~~bll'Wu"il~CJV1~~~v111 VI 

irfl b~t.Jui1m1~?1'Wh 1 'Ufl1jb~t.J'Umfl 1 u"llru~~v11mj'VJV\fleJ~ ?lm~fl 1 'Wfl~~?l1mjti b~t.J'W~bb~~v11 ' ~ 

61'~bfl~ 1~~1t.J b ~'Ufl1jbtJ~t.J'Ubb tJ~~ 1J\'e:i ~1~-u~ b "il'U bbf1~?11mjtiv11mj'VJV\f!m~11m~t.J hJ~e:i~n~1f111 
"il~bll'Ufl1j~'Ub tJ~e:i~ V!Gl~"il1 fl,!'U,:r flb~t.J'U~1~i1e:i n'W b ~ CJ'Ue.Jfl fl1j'VJ~fleJ~ bb~1LJ1 b?l'U e:ie..i~ fl1j'VJV\f! eJ~ 
h1m~viT1~bb~u1 Vlru 1 tJ~vi~1~e..ii:r~Vi'mb~CJu 1vit.J 1Vi'fl~~~umvie..ift~1mb~~1 Vl.LJ'm?l'Wmb u~ e:iJitJj1CJ 

"' ' ~ 
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1 'W.ff 'U'1J CJ1CJ fn1l.l~fl1b6'1~il n"il m'a.lf11TV1~'1 €1'1 b ~ii b~il ~1 CJ b V1 flU riv\' 1'U1 CJ-~'! bfW1-€l5U 1 CJ 
'IJ 'IJ 

b .lJ'Um1b ~ii~'Wth~?1um1ru1 Vf nu-Um~CJ'Ub ~iib~ii "il1nm1bll~1Bm6'11 Vf-Um~CJ'Uvl1'U1CJ~..:i~"il~ 
'IJ 

bn~~'U"il1 n fl11V1~'1 €l'ln€l'U bbii'11VfiJm~CJ'U1~'1..:J!J€JV1~'1€l'I bb'1~€l5U1CJ t:-J(l~ bn~~'Ul16'1€l~flij €l'IV!~€l 

.rr~bbtJ..:inu~..:iv11'U1CJ 1 'fo~1..:i11 v\'11Vf-Um~CJ'U1~?1~1..:irn1iirl V11i~1 CJl?lmB..:i ?11m1ti"il~~1ri11i1TI~ 
'IJ 'IJ 

11..:i bbt:-J'U m1vi~'1 €1..:i bbn-U ~V11~ bn ~:ff 'U 1~V111..:i m1v\'1..:i1'U 61!1 CJ n'U'11 b?l'U €lt:-J (I ni 1vi ~(! €l..:i~1~ 
B.fhh1CJt:-J'1 bb'1~'1..:i.LJ'B?11t.J~1 CJ n'U -ru~..:iri11ii~~ b ~'U'1J€l'I b ~B'W?lm~n 1 'W n~ii bb'1~ bb'1n b t.J~ CJ'Ub~CJ'U~ 

' ' 'IJ 

nub ~€l'U n~ii ~'U 61 6'1l.11~n 1 'W n~ii:U n1'rn'1~ n'U1~V!l 1..:J-U' m~ CJ'U~ b~CJ'Ubri'I U1'U n'11'1 bb(l~ riB'U 
' I ' 

tin b~CJ'U~ bri..:i"il~'1i1CJB5u1CJ1 Vf-Um~CJ'U~t.J1'U nm..:ibb'1~riB'W b ~B 1Vf:Wrn1m.LJ'1h1 'U~..:i~n1~..:ib~CJ'U~ 
" di 

mn'1J'U 

'IJ 

ii Q Q.I .:::ii .:::ii tJ I 

6'I ~vi B'U ri11iiri~'1J€l'l'U n b 1 CJ'UV16'1~V1€l'U11 

"1'U1'Ut1't:-Jii1~vi~'1€l..:J t:-JiJ~'Ub~'Wmn ri1b.lJ'Uri~~·1rnu 1Vf-Um~CJ'U1~vi~'1€l..:i~..:i1 Vlli 61 bb'1~ 
" " I 

"~?inm"il :Uri11i1?1'1Jmnri~ 1~m1ii~ bbii'1n?1'Unmn 61" 
'\I , " " I 

"~?in ~h bb'1 ~:n ri11i1?1'1Jm n ~ ~ 1~ m 1ii~ bbil1 n?l'U nii1 n 61 '1l€JU rirum~1Vfm1ii~ 
'\I , 'U , I " " '\I 



. . 
.,! 

'U'Vl'VI 5 

~1tJ~~n111:5'£Jbb~~eb'm~'We:Jbb'W~ 
~ 

fl1'j1~m~e:iofr~'U1ri11m-t'1 h:JJ fo:JJ~vi1-:i1vi m m?t~16ll e:i-:i'Llm~ CJ'LI.ff 'Ui!tJCJ:JJ~fl~1u~ 5 lil1 CJ 

1fl~ fl'jfl1'j b~CJ'U~bb 'U'U~'U b?l1~ 5 .ff w.i?t:JJ~?f1'Url'U b VlAtJAvl1'U1 CJ-~'! bfl~-Bfi'U1CJ 1 'LI.ff 'U6ll CJ1 CJ A11:JJ~ 
':.J 'IJ 'IJ 

b~B'l?f:JJ~(;'l bAiiA~'l.Q' ?f 1:JJ1'j(l?f 'jLJ ~i;'l bbi;'l~ii-t'e:i b?l'U B bb 'LI~ fl1'j1~ CJ \?l-:id 
' ' 

5.1.1 fl::bb 'lJ'lJfl11:1Jb oU1 b~:IJ b 'lJ:IJ~1'Vltl1f'11~\Wf b~B-!l~:IJ~i;'lbflij 
5 .1.1.1 'LI fl b~ CJ'U ~11il~'U fl 1 'j~ ~ fl1 'j b~CJ 'LI ~lil1 CJ1fl~fl'jfl1'j b~ CJ'U ~ bb 'U'U ~'U b?l 1~ 5 

'IJ ':.J 'IJ 

,, 
oLJ'W 

~ ?f:JJ~ ?f 1'W rl'U b VlAtJAvl1'W1 CJ-~'! bfl~ -Bfi'U1CJ1'Wi'W6llCJ1 CJ A11:JJ~ iiri~ bb 'W'W A11:JJ b-t'11 '0J:JJ b 'W:JJ~'\111'1 
'IJ 

1VlCJ1ial1?t~1bb 'U'U~'l.ff 'Wb~CJ'W Vli,:l'lb~CJ'W?f 'lfll1 rlB'Wb~CJ'W b~CJiiA~ bb 'W'WbU~ CJ rlB'Wb~CJ'Wb 1J'W 22.23 bbi;'l~ 
'IJ 

ri~ bb 'W'WbU~CJ'Vli,:l-:i b~CJ'Wb .u'W 36.30 A~ b .u'WA~bb 'W'WbU~CJA11:JJn11Vli.r1 b .u'W 23.41 bne:i~fl~1m1:JJ 

A'l'Vl'W6lJB'IA11:!.Jb-t'1h:JJ fo:JJ~ bnm 1(;'l1~1'Ul LJ 30 1'LI '\"l'Ul1'Llflb~CJ'Ui1A~ bb 'W'lJA11:JJA'l'Vl'W6lJB'IA11:JJ 

b ot'1h:JJ1 'W:JJ~ bU~CJ b vhnu 36.51 'OJ1flfl1'j1 bA'j1~"1vi1-:i?t~~ b ~m LJ~CJ'U b ViCJuA~ bb 'LI'Wne:im~CJ'Wbbi;'l~Vli,:l-:i 

b~CJ'W A~bb 'W'W'Vli,:l'lb~CJ'Wbbi;'l~A~ bb 'U'UA11:JJA'IVl'W6lJB'IA11:JJbot'11'-iJ:JJ b 'U:JJ~ lil1CJfl1'jVJ~?IBUrhVibb'U'Ufl~:JJ 
' 

'W'CJ6'11rlqJV11'l?f ~~~'j~\?lu 0.05 bbi;'l~A~ bb 'W'W:JJ b 'W:JJ~Vli,:l'l b~CJ'W 1:J bb~ fl~1'ltlUA~ bb 'W'WA11:JJA'IVl'W6lJB'l 

Ad1:J.Jb-t'11'-iJ:JJ b 'W:JJ~B~1-:Ji1'U'CJ6'11f'lqJ'Vl1'l?f~~~'j~\?lu 0.05 

5.1.1.2 'Llm~CJ'Ui1A~bb'W'UA11:!.Jb-t'11'-iJ:JJ fo:JJ~Vl1'11VJCJ1P11?1~1bb tJU'j1CJb de:i'Vl1 Vl6"i''lb~CJ'W 
?!'I fll 1 rlB'U b~ CJ'W'Vl fl 'j1 CJ b d B'Vl1 1~ CJ bi! B'Vl1 b~B'l fl1'j b LJ ~ CJ'W bb LJ '1'1~ ~'LI fl6"i'u 11il ii~e:i CJ(;'l ~A~ bb 'W'W A11 :Jj 
'IJ ' 

boiJ11'-iJ:JJfo:JJ~Vli,:l'lb~CJ'U?f'l?f~ ~B 66.60 bbi;'l~i1~Bm'1~A11:JJfl11VltJ1?f'l?l~btJ'U 36.80 ~1'Wbi!B'Vl1~ 
\I 'I 'U " 

'Llm~CJ'Wi1~BCJ(;'l~6lJB'l A~ bb 'W'Wfl11:JJ b oiJ11'-iJ:JJ b 'U:JJ~Vli,:l-:i b~ CJ'W ~1?1~ ~B b i!e:i'Vl1b~B'l?f:JJ~(;'l1 'WLJn fi~CJ1 bflii 
' ' ':.J 

50 .20 bbi;'l~i1~e:iCJ(;'l~A11:JJn11VJ'Ll1~1?1 ~~e:i 14.20 bbi;'l~ bnmLJ~CJrn ViCJuA~ bb 'U'WA11:JJ b -t1 h:JJ hi:JJ~ 
' 

Vli,:l'l b~CJ'Wbbi;'l~fl11:JJA'l'Vl'W6lJB'l:JJ b 'W:JJ~1 'WVlfl b \!e:im '1"1Ul1i1A~bb 'W'W l~bb~fl~1'lrl'W 
' 
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5.1.2.1 ~el m=i::::w 1 'Ll:w&hifl~ el.:i ri'111?1 bfl~ el'Ubb'1::: ~l?lrielm~tJ'U v-ru11ir m~tJ'UiJ~m.m::: 
'lJ 

:w fo:w&ifl fl~el.:J?l.:J?ll?l fl el ~eltJ'1::: 22.60 b U'l.J:w fo:w&i b~el.:Jfl1'H '\J~ tJ'Ubb '\J'1.:i~~'Ufli;r'U 1191 ~mrn::::w fo:w&i 
'lJ 'lJ ' 

fl'11\?l bfl~el'U?l .:J?l\?l fl el ~el tJ'1::: 53.00 b U'U:W fo:w&i b~el.:J fl1d b '\J~ tJ'Ubb U'1.:J~Jl11 :::?l:W\?1'1 bb'1:::~eltJ'1::: 
'lJ ' ' 

:w fo:w&i~1?1?1.:i?11?1 fl el ~eltJ'1::: 53.60 b ll'Ll:w fo:w&ib~el.:Jfl1Jb'\J~ tJ'Ubb '\J'1.:i~~'Ufli;r'U 1191 
'lJ ' 

5.1.2.2 ~el tJ'1::::w1 'Ll:w &\fl fl~ el.:i ri'11 l?l bfl~elmb'1 ~ ~ l?lvti;r.:i b~ tJ'Ll i"l'U11ir m~tJ'UiJ ~el tJ'1::: 
'lJ 

:w fo:w&it1 fl~e:J.:J?l.:J?ll?l ~el tJ'1::: 58.00 fl el :w fo:w&i b~el.:i fl1d b '\J~ tJ'Ubb '\J'1.:i~ir'Llfli;r'U 1~ 611vtfo~eltJ'1:::'Uel.:J 
'lJ 'lJ ' 

~rn1:::?1:w1?1'1 bb'1:::~eltJ'1:::'Uel.:iirm~tJ'U~i1fl11:w b-V'11-;,i:w fo:w&i~1?1?1.:i?11?1 35.oo b ll'U:w fo:w&i b~el.:i?t:w1?1611 'Ll 
'I 'lJ 'I q 

u5n~mbrii1 

5.i.2.3 ~eltJ'1::::wfo:w&iflfl~el.:i riml?lbfl~eimb'1~~\?lV!i;r.:ib~tJ'U 30 l'U er1~tJl\?lf111:w 
'lJ 'lJ 

:w 1 'Ll:w&i b~eJ.:Jfl1Jb '\J~ tJ'Ubb U'1.:J~Jl11~?f:W\?l'1 bb'1:::~e:JtJ'1::::W 1 'U:w&i ~ \?l?l.:J?l\?l fleJ ~el tJ'1::: 28. 00 b U'U:W fo:w&i 
' 'lJ ' 

b~ei.:i?t:w~'11 'Uu5n~tJ1brii1 
~ 

fl~11 fa tJ?IJ'\J md~ l?l n-;,i md:w fl1d b~tJ'U~~1 tJ1 f1~ mfl1d b~tJ'U~ bb 'IJ'U~'Ub?11::: 5 'U'U 
'I 'lJ d..J 'lJ 

t:-..1?1:wt:-..1?11'Un'U b 'Vlri'Wriv1'1'U1 tJ-~.:i bfl\91-ei6'U1tJ 1 'Ll~'Ll'UtJ1 tJ fl11:w~ ?11:widt1Yr~'U1fl11:w b-V'11-;,i:w 1 'Ll:w&i'Vl1.:i 
'lJ 

l'VltJ11"11?f\91~ 'Uei.:iirm~tJ'U~'U~utJ:W~fl'l11U~ 5h.:ib~tJ'U?f\91~tJ:::m1Vf?t.:i~'U ~1m~:w:wfo:w&it1fl~ei.:i 
'lJ 'lJ 

bb'1:::'1 \?l:W fo:w &\ fl'11 \?) bfl~eJ'Ubb'1::: ~\?) ~.:i-db ~eJ.:J'iJ 1 fl fl1J~ \?) n-;,i fldJ:Wfl1J b~tJ'U i~1 tll!J~ m fl1d 

b~tJ'U~ bb 'U'U~rn?11::: 5 ~'U t:-..1?1:wt:-..1?11'Unrn 'Vlfl'Llriv1'1mtJ-~.:i bfl\91-ei6u1tJ1 'Ll~'U'U tJ1tJf111:w~ b lJ'Un-;,i md:w 
'lJ 'lJ 

191'Ll b ei .:i ~l:w n'U n-;,i md:w m J'Vll?l '1 ei .:i~1 tJ b 'Vl ri-0Avl'1'U 1 tJ-~.:i bfl 191-ei5'U 1tJ1'Ll~'U'LJtJ1 tJ ri11:w~ ~1 tJ b ~:w 
'lJ 

'\Jd:::?f'\Jfl1Jru1 'Ufl1d b~tJ'U~'Uei.:iirfl b~tJ'U:wlfl~'U 117ltJ 1 'Ll~'U'UtJ1 tJ fl11:W~ ~1 tJ~.:i b?f~:w 1 Vfirfl b~tJ'U 1~ bb?f l?l.:J 
'lJ 'lJ 

m1:w~1?1 b ~'U bb'1 :::eiilud1tJ b~ tJ1 n'U bb 'U1~1?1'Vl1.:i1'Vl mm?l\91~ b ll'U~'U\91 ei'U 11?1 tJ mdt11 b?t'Uei?tm'Umdru 

1 Vf ir fl b ~ tJ 'Uvl1'U1tJl1'1::: b nl?l ei::: 1 d~'U ll1i1 fl1 db '\J ~ tJ'U bb '\J '1.:J vti;r.:i -;,i 1 flir fl b~ tJ'Uvl1'U 1tJbbil11 Vf ir fl b~ tJ'U 

~.:J bfl\91?1fl1'U fl1JtU ~.:J fl~ 1111?1tJ1 Vfir fl b~ tJ'U'1.:JiJeJ'Vl\?l'1 eJ.:J b ~eJVl1fl1\91 eJ'U '11fl?I fl1'U fl1JtU~fld?l~1.:J~'U 
'lJ 

bb'1:::~'U?11?1Vf1 tJir fl b~tJ'Ll~ei.:iei6'U1tJ~.:i~ bnl?l~'Ll11?1ei1?1fli1 ei.:ivt~ei-ITl?l bbEJ.:i n'U~.:iv1'1'U1tJ11 'iJ'U 1~-LJ'ei?td'\J 
' ' 

v1'11 Vfirfl b~tJ'Llb-V'1h1 'U~.:i~ b~tJ'U~:wi fl~'Ubb'1:::?1~1.:i b U'Uei.:il°if111:w~'Uei.:iir fl b~tJ'Ub ei.:i ~.:i~1tJ1 Vfirfl b~tJ'U 
'lJ 'lJ 

b~ tJ 'U i:w 1 'Ll:w &iJ'U 11191ei~1-:iiJ'\J d::: ~'Vl 5.tl 1i"lm fl~'U v1' 11Vffl1 db~ tJ'UiJ m 1:wvt:wi tJ b ll'U m db~ tJ 'U~iJ 
~1191~11 ~1tJ1 Vf b-V'1 h:w fo:w &\~ b~tJ'U 1191m'U i1b'iJ\91ri&i~~~ei1'1J1 briiJ bb'1:::?11:widt1t11ri11:wn u1 m 'U 

'lJ 
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5.2 ii'mi;i'Wmb'W~~1~'<il1nm-a11ij'v 

5.2.1 ii'mi;i'Wmb 'IJ~~1'Vii'U m-a1ij'flfi'<il n-a-aa.m1-ab'iv'W~~1v1'fl1ij' n-am-ab'iv'W~bb 'U'U~rni;11~ 5 
'U .... 'U ., ., 

.fi'IJ~i;f 3J ~i;f 1'1Jtl'U b 'Vlf1Uflvl1'1J1 v-~.:i bn\;l-v5'U1V b 'IJ.fi'IJ"!JV1Vfl113J~ 
'U 

fl~i.J bbeJ'Ufa:1.J'8't.1 fl1'H"f~1.:ibb 'IJ'IJ~1ne:i\I m'a11~rn'W b ~e:i 1 VftJ'fl b~CJ'U 1~~m1m -V1 h b '1ie:iV111 'U'a~lil'IJ 
1:1.J bnfln:1.J1fl~'U 1~CJ baY11~:1.J 1 'LI:i.J&i b~e:i.:im'ab i.J~ CJ'Ubb i.Jr;i.:i~rn1~?l:1.J~mbn~?l:1.J~n 1 'Lli.Jfin~m bf1~ , , , 6,.J 

' ' ' 
5.2.1.2 fl1'a'Vl~ne:i.:ib~e:i.:i~n"lle:i.:im1:1.J b .LJ':1.J.LJ''U"LJe:i.:1?11'a~e:in11~?l:1.J~n bilm ~:i.J?l1'an~mCJ 

' 
SCN-1'LILJ5n~CJ1 Fe

3
+ + SCN- ~ [FeSCNt ?l1'an~mCJlil~bi.J~CJ'UbU'U~bb~.:Jb.LJ':l.J~'Ub~flile:iCJ ~1 

b&i:i.J?l1'an~mCJ SCN- mmn'U 1 i.J ?l1'a6'1~mCJlil~~~lil1.:J6'1.:! f11'ab&i:i.J?l1'a1 'Lli.J~mru~ b'Vlm~?ll-Jbb6'1~ 

~ .:i b fl 191fl1 'ab i.J ~CJ 'LI bb i.J r;i \1191r;ie:i~b16'11 

5.2.1.3 fl1'a'Vl~6'1eJ.:Jb~e:i.:1~6'1"lleJ.:Jf111:1.Jlil''Ubb6'1~e:iruV1iliJ~e:in11 ~?l:i.J~n m'a 1 im~'\Je:i flO~ 
' '\J ' 

~ ., "" 
fl1'a fl~ bbn~~.:i fl1'U m~'IJ e:i flu~ CJ1 

5.2.1.4 m'abl91~CJmbn?t1'LI1191'ablil'U:i.Je:i'Ue:ifl161!~~1V11fl1i-Ve:i~e:i?t1:1.J'Vl1.:ibV1CJ.:1 1 5'U 'j~'IJ'IJ 

m'a~e:ilil~ 1lJbbti'U bbn?lmlillil~f1e:ie:iflm 1~ ~.:im'a 1i-Ve:i~e:i?t1:1.J'Vl1.:1 2 5'Um~e:in'U bb~1~e:in'IJm~'IJe:ifl 
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b1~1 60 'W1Vi 

2. b~eiLJi)f\~(J1iJ''Un~u 1~ ~1b'Ll'LI1 'lJ':i~(i~ nm'Vl~-:i vr-:i?11':i~-:il?i'mb'1~e..J~~nrusVi~-:iri-:iv11tJi)n~m~ei 1 tJ 

Bn~n\?lei-:i'V!~ei 1~ 
'U 

n. t;1n 
'II 

1. ?11':i~'ll?i''Uv11LJi)n~mn'U 1~e..J~~nru6'1 b ~(l-:iei~1-:i b~(l1 
2. 6'11':ie..J~~Jl rusViv11tJi)f\~(11n'U 1~6'11':i~.:Jl?i''Uei 81-:i b~(l1 

3. ~1-a~.:i~'Uv.:ifHvl1t1~n'iv1n'Ul~~1-a~~l'l.nru'1 bb~~~1-a~~l'l.fi'ru'1vht1~mv1n'Ul~ 
,, 
"' ., 

~1"al'l.:ll'l'U 

4. 1~i1m-ab LJ~(J'Ubb 'Li'1-:i'llm?11-a~-:il?i''Ubb'1~e..J~~nru6Vl1 'LI'Lii) f\~(11 



: 

. . 
CaC0

3
(s) --.. CaO(s) + C0

2 
(g) 

Cao (s) + C02 (g) ~ CaC03 (s) 

CaC03 (s) ~ CaO(s) + C02 (g) 

91 

nT~v11tll)n~cnn'U'j~V111-:ibbAm6il~l.le:ie:in 161l~ (Cao) n'Ubbn?fm1'Ue:i'W 1vie:ie:in 161l~ ( C02) 11ii'bbA'1b6il~lJ 

A11'Um'W1?1 (caco3) bU'Wtll)n~~1tJ'j~b.nvi1vi 

n. tll)n~cn1tli1-:im'.h 

"IJ. tJl}fi'im a m.m ~'U 

A. ulJn~~1er'UnGl''U 1\ii' 

b'VI~~~ 
' 
i. b 'jl'j'j1~6'f1'j~-:il'i''Wv11ul) n~cn n'Wb u~~'Ub u'U?f1'j~~\9lilru.vi 

2. b 't'l-a1::~1-a~~~.n wsnv11t1l)m~1nub tl~~u b uu~1-a~.:i~u 
3. b'jl'j'n~?f1'j 1 'Wtll)n~~11~~m'jbtl~~'Wbbtl'1-:i 

4. b 'jl'j'j1~tllJn~~1~Vll"1V11-:i 1 tlvi1-:i'U11v111 mlii'~~1?1ilru.vimn~'W 

4. bi'.ie:iil1?f1'j'1~m~ CuS04 '1~mml11\ii' [Cu(H 20)4J2+(aq) ;S,:i~~J1b~'W~B'W bdm&ll.lmvi HCl 

?f 1'j'1 ~'11 ffOJ~ nm~ b U'W~ b VI~ e:i-:i [Cuc li-(a q) -;,i1ntll)n~ cn-d'~1 l'i'e:i-:if11'jVJ'j1'\Jl1 b U'W f11'j 

b tl~ ~'Wbb tl'1-:i~er'WnGl''U 11ii'Vl~e:i 1~ A1'jv\'1e:i~1-:i 1 'j 
" n. b~11tl1 

'U. b&ll.lmV1 HCl 

A. b&ll.l CuS04 

i. 'OJ~bnvitll)n~~11ui1-:im'.h 11ii'?f1'j'1~m~ [Cu(H2o)i+ ;S,:i~~J1b~'W~e:i'W 

2. 'OJ~bnvitll)n~cn1tJ-ii'1-:imJ111ii'?f1'j'1~m~ [Cuoi- ;S,:i~~bVl~e:i-:i 

3. "iJ::bn~tll)n~~1~eiun~u 1~~1·rn::~1~ [Cu(H20)4J
2

+ zj.:imhl1b~ueieiu 

4. 'OJ~bnvitll)n~cn~e)'UnGl''U 11ii'?11'j'1~m~ [cuoi-;S-:i~~bVl~e:i-:i 



. . 

5. "iJ1ntJl]n~ci1 Blue bottle reaction 

recu:-tio.1 -----
m0ttlyl0no hhJP 

(blue'i 

1'Llfl11b\91~ci:u?111~~mci1 'LI~'Ul'i''U ?111~~mci"il~ii~J1 b~'U bb~ b~eJ11~~~ H~n-Wn ?111~~mci"il~ 
b tJ~ tJ'Ubll'U hlii~ V11nl'i'eJ~ n111 Vf?111~~mm tJ~cimll'U~J1 b~'Um:Ub~:U l°l11v11eJ~1~ 11 

fil. btl~~1"1J1~u~1b"IJ~1 

1. b~eJ 1 Vi'bn~tJl]n~tJ11tJoif1~V1i!1mn~'U m1~~mtJ"il~nmm ll'U~tl1b~'U 
2. b ~eJ 1 Vf bn~tJl]n~tJ11~noa''Lli'Llmn~'U m1~~m tJ"il~ii~tl1b~'U 
3. ~116'1~6'11mtl~m.Pi11n1:iJmhu'Llihl1b~'Llb~B~1il1n methyleneblue 1il~~naan~1~61f 

~1tl 0 2b'LIB1n1FI 

4. b ~eJ 1 Vf?111~~mtJiim1:ub oif:uoif'Umn~'U 

1. tl11i1~1~b'Vl~rnan 1 tlria'L! bilmih~~:u~6'11~~utl11il~fil~~ ... . 
2. 1eJ"il:::f11Ubb 't.i'Ub U'UV1tJ~J1 b~m oif 1~?1:u~mblA'1w~uJ1"il~fl~~ 

'\J ' 

3. J1"il~1::: b Vlmb~:::mu bb 't.i'Un~um 1~tJ1~~uJ1 b vi1b~:u 
4. J1"il~ 1liiim1b tJ~ci'Ubb tJ~~ 1~ I 
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: 

f1 

n. m6lft1:; n 

"ll. .fl1"ll'l..!Z "ll 

1. ".i:;uuiJm".ib tl~ CJ'Wbb UG'l\11 tJ.LJ'1\l~LJ1b ~i:Me.i~1\I b~CJ1 

2. e1m1m".i".i:;b~CJ'LJe.J\l'LJe.J\lb~mmnn11e1m1m".irn'UbbtJ'W 

3. eJ1?1".i1mwnubbtJt1mnn11e11?1".i1n1".i".i:;b~CJ'LJe.J\l'LJe.J\lb~m 

4. el~'nnl':i':iZ b '\llEl"ll€1.:l"ll€1.:I b '\11~1 b vi1nueJ~':i1 nl':ifl'l'Ubb ii'LI 

s. t11u5rr~m~e.i 1udbn~1 t1m6lft1:;blJ~ u5n~m1~mm".irnn~m1:;?1:w~G'l 1~ 
n. H2(g) + 12(g) L'.:::::; 2Hl(g) 

'LJ. CaCOis) 

fl. AgCl(s) 

CaO(s) + C02(g) 
+ -

Ag (aq) + Cl (aq) 

1. b tJt1".i:;uu~?11".i~\l~t1bb6'l:;t:.J~ l?lnrusvi blJt1bbn?1 

2. b lJt1".i:;uu~iJ?11".imnn11~~\1?1mt1:; 

3. b tJ m:; uu~iJ?11".i ~\l~'WbbG'l:;t:.J~ l?ln rusvi b lJ'W'LJ m bb ~\I 
4. bU'l..!':iZUU~hliibbfl~:IJ1b~EJ1.fle:i.:i~.:i~.:iii~1':i~.:J~'l..!bb~Z~1':i~~~Ji'ru6>if!':iU'Vln~1':i 

' 
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9. tl11~bf1~\91 le:i bel~'WN1 'W'Vl'1el\91Vl\91'1el.:JbbGl1U\9l'iJf1bb'1~~.:i11 ru mu'VlniJ~el.:i b~m1me-l1'U 1 tJ1el bei~'W 
' ' 'U 

bn\9lf11'.i'.i~b ~\9lmel~~.h.:ibi1\9l~'Wn1EJ 1 'W'Vl'1el\91Vl\91'1el.:J~'i;)~ b oLJ'lJ~'Ub~elEJ 1 1 'U~~\9l~'iJ~ri.:i~ bb'1~ 1 'W'Vl'1el\91 

VJ\91'1 el.:i t'J .:iii bn~ \911el1 el~m 'Vl~ elel ~ n 11 ~'1lJ\91'16llel.:i1 el fa~'W~ii'1 m'W~ bbn'1 bb'1 ~6llel.:i bb ~.:i 1 'W '.i~'U'Ull \91 

bVl~~g:i 

'U ' 

1 
I 
I 

('I) 

.~~•mlll11l 
1::11..-ml~ 

1. b~el b .LJ1~m1~'1lJ\91'1'5~'.i1m'.i'.i~b 'V!EJ6llel.:i 1el fa~m vi1n'U-5~'.i1m'.il°l1'Ubb il'W 
'U ' 

~ - ~ 
10. Cr20 7 (aq) + OH (aq) ~ 2Cr04 (aq) + H20 (l) 

-;;i1ntJi)n~EJ1d b~m~lJ'11'.i'1~mm'U'1'1.:i 1 'W Cr 20/ '11'.i'1~mEJ'iJ~ b tJ~ EJ'W'iJ1n~~m ll'W~b 'Vl~el.:i bb'1~ 
b~el b~lJn'.i\91'1.:J 1 'IJ '11'.i'1~'11EJ'iJ~b 'IJ~ EJ'U'iJ1f1~b 'Vl~el.:J b U'W~~lJ 'Vl1f1~el.:Jf11'.i~'.i1'iJ'1el'Ul1'.i~UIJ b .LJ1~ 

1. Ba 
2+'V11u~mv1nu crot bn\9l~::neiutum-ag:i~g:i1v 'V11t~~11J1-ari~nlil~eiu11ij 

Cr04 
2

· tum-a%1~%11V 

'U 

2. Ba2+v11tJi)n~mniJ cr20/ bnlYl~~f1el'W1'W?i1'.i'1~mEJ v1111X?11m1b1~11-;;i?iel'Ul1ii cr20/ 

1 'U?l1'.i'1~'11EJ 

3. Ba 
21~?11m1rivhtJi)n~EJ1niJ Cr04 

2
- bb'1~ Cr 2072·1'U'11'.i'1~mEJ1~ 

4. m1~ 11-;;i ?leliJl1'.i~iJiJ -;;i ~ b .LJ1 ~ m1~?llJIYl&i1~?11m1b1~.:i b n ~ h1-;;i1n~6llel.:J?l1 '.i'1 ~m EJ 
'U ' 



,· 

. . 
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1 i. ~1tJ5n~cnmd61'-:ibrid1~~bbnmbB:w 1mi'imn~~'U~-:im.m1d 2N2(g) + 3H2(g) 

b~BtJnn~cn b -LJ'16'im1~?1:w~~ ri11:w61:w'W''U661.JB-:1r:nm\J b 1mb.lJ'U 1tJ1?11:woLJ'B1~ 

2NH 3 (g) 

d..J '\) ' 

n 1« 'U ,. 

[H,l 

[r.H,J [t<,J [NH,) 

[HJ 

b 'Vll9J ~~ 

L b~m~:utl!)n~~n ri11:ub-b':u'ti''LJ'tlB.:ia1':i~.:i~·1..m~~.:i bb~::fl11:ub-b':u'ti''l.!<tm.:ia1':i~ii\9lnru'1 

., ' i.J '11 Q..I q 

b 61.l:W61.l'U 61.1 e:M ?ll'jVJ\lVl:W ~ fl\lVl 

4. b~m~:wtJ n n~cn m1:w b oLJ:WoLJ'U €J\l?l1'j~\l~'U bb~~~~ l?lilruo/l~~~\l b~e:Jb -LJ'16'im1~?l:W~~m1:w 
d..J '\) ' 

12. "i11nu5n~tJ1 H20(s) + CO(g) 

?l:W~~ 1~~~?1~ 
' ' 

fl. 
HzO+ CO 

b'Vl19J~~ 

''J. fl. 
H20+ CO 

1. dfotJ n n~tJ1 b -LJ'16'i m1::?l:WVJ~ m l:W b oiJ:woLJ'U"(J e:J\l?ll'j~\l~'Ubb~~?ll'j~~ \9lil ruo/I b vll rl'U 
d..J '\) ' 

2. b~BtJnn~cn b oil16'im1~?1:wvi~m1:wb .U:w.LJ''U61.lm?l1'j~\l~'U bb~~m'je..J~l?l.il ruo/I b ~:w~'U 
d..J '\) ' 

3. b~Bu.nn~v1 b-b'1%1.n11 ::a:u~ ~ fl11 :u b-b':u'ti''LJ•1.1eJ.:ia1':i~.:i~'l.!~vi~.:i bb~ ::ri11 :u b-b':u'ti''l.!a1-a 
d.J '\) ' 

.QQJ d'.C::.~ ii d 
e..J~ \91.tl ru6Vl b 'V'l:U'tl'l.!bb~ 'Jfl-!l'VI 



.• 

13. Fe 
2
+ bb'1~ 12 v11u5n1c.i1niJ\911i1?1iirn'j 

2Fe
2
+(aq) + 12(aq) ~ 2Fe

3
+ (aq) + 21 (aq) b'j1i11Bfl1'jm'J"il6'1BLJ11bn~ Fe3biJ.fl11~ 

6'1&J~'11~B~1\l b 
' 

n. b~&J~1'H'l~~1tl NH4SCN 

6LJ. b~&J6'11'j'1~mc.i K3[Fe(CN)6] 

fl. b~ml1bbu\l 
b V1\Pl1~rn • 

1. Fe
3
+ 'V11'1J~mt11nu~1'.ivili'Vl\;lmJu1Vf~1'.i~~~1t1~u{;l.:i 

2. Fe 
3
+ v11tJ5n1mnL.J?11'jvTii'Vl~?1e:iL.J 1 Vf191~ne:iiJ~tl1b~iJ 

3. Fe 
3
+ v11tJ5n1c.i1nL.J?11'jvtl i'Vl~?IBLJ 1 Vf?11'j'1~mc.i~tl1mmbn&Jb~c.i1 

4. Fe 
3
+ v11tJ5n1c.i1nL.J?11'jvTii'Vl~?1e:iLJ 1 Vf?11'j'1~mc.i~tl1b~iJ 
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14. "il1ntJ5n1m Fe 
2
+(aq) + Ag+ (aq) ~ Fe

3
\aq) + Ag(s) b:tim~L.Jrn-if1~6'1&J~'1 bb'1~ 

l'i'mn1'j'\ll~?1e:iun11~6'1&J~'11~c.i ti?11'j'1~mc.im~ HCl BCJ1fl'\ll'j1L.J11 6'11'j'1~mc.im~ HCl ti'Vl~?IBLJ 
' 

fl. Fe 
2+ 

6U. Fe 
3+ 

fl. Ag 
+ 

i. o· v11u5n1c.i1nL.J 1e:ie:ie:iiJ 1 Vf?11'j'1~mc.i~bb~\l 

2. o · v11u5n1c.i1nL.J 1e:ie:ie:iiJ 1 Vf?11'j'1~mc.i~tl1b~iJ 

3. o· v11u5n1mnL.J1e:ie:ie:iiJ 1Vf191~ne:iiJ~tl1b~iJ 

4. CL- 'V11'1J~mt11nule:ie:ie:iu 1Vf\Pl~ne:iu~"!l11 



·' 
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15. bdeit:-.1?1:w?11~;;:i~mci1e:i1eim . .i(ll) rmeih~n\m1~;;:i~mci68m1eifl'Wbml'l "il~i11'l~nei'W6Uei·:lblmn~~'W 
b~CJ'U?l:!Jn1~~Jl11~?llJ~(;l1~\91.:rd 

' 2+ + 3+ 
Fe (aq)+ Ag (aq) ~ Fe (aq)+ Ag(s) 

bdei b~lJ?ll~;;'l~mci·1rw~ 1~~'El 1 ud "il~vi'11 Vfu~mru6tle:J'l\9l~nei'U6U'El'I bl'Ur;:i~r;:i.:i 

n. NaCl 

'LJ. FeCl2 

fl. FeS04 

b'lli~(;.J~ 

' 
i. ?11~;;:i~mci so/· "il~vi'1ul)n~mn'U Ag vi'11Vf Ag ;;:i~;;:i.:i ~.:it:-.i;;:i1Vil'l~nei'W6Uei.:ibl'Wr;:i~;;:i.:i 

2. ?11~r;:i~mci Fe 
2
+ "il~vi'1ul)n~mn'U Ag+ vi'11Vf Ag+ ;;:i~;;:i.:i ~.:it:-.i;;:i1Vil'l~nei'U6Uei.:ibl'Wr;:i~;;:i.:i 

3. '6'11-a~~~1v CL- \J~v11t1l]fi~mnu Ag+ v111~ Ag+ ~~~..:i ~..:ii;.J~1~~~ne:i'U"lle:i..:ib~'W~~~..:i 

4. ?11~r;:i~mci Na+ "il~vi'1ul)n~mn'U Fe+ vi'11 Vi Ag \i~f!.:i ~.:it:-.i;;:i 1 Vil'l~nei'U6Ue:J.:ibl'Wr;:i~;;:i.:i 

3+ 
Fe <aql + SCN (aql 

2+ 
[FeSCN] <aql 

~b'Vl~ei.:i'Eiei'W hJi1~ ~bb~'lb~e:J~'Lln 

., 
n. b~:wt11 

"" 2-
"ll. b~lJ HP04 

1. b~ei1Vi?11~r;:i~mm~ei"iJ1.:imn~.:i~'Ll 

2. bvle:iv11tll]mv1nu Fe3+v111~ Fe
3
+ L'WtlljmvTWeJV~..:I tll]mv1bn~m,.ae:i'Un~'U abb~..:I 

"" "lleJ..:1'6'11'a~~~1EJ\J..:l\11..:l~..:1 

3. b~ei 1 Vi SCN b 'W?11~r;:i~mciileici;;:i.:i i1e.mvi'11 Vi~bb~.:i6Uei.:i?11~r;:i~mci"il1.:ir;:i.:i 

4. b~eJ 1 Vi [FeSCNJ2+ 1 'W?11~r;:i~mciileicir;:i.:i i1t:-.ir;:ivi'11 Vl~bb~'l6tleJ'l?l1~r;:i~mci"iJ1..:i;;:i.:i 



.• 17. bdffu5fi~tJ1 Fe
3
+ (aq) + SCN-(aq) ~ FeSCN

2
+(aq) B~b'U?f:W~G'l bb~1b&i:W?f11G'l~G'l1tJ 

Fe
3
+ mn~'U "il~bn\9\mw.J~tJ'Ubb'llmei~1\lh 

n. tll]mm"il~~1 b iJ'Ul tlvn~"!rn1.11n;1'W 

'U. u5n~m"il~~1b'Ll'U 1 'llvi1\l.ff1tJmn~'U 

A. 1~iif111b'll~tJ'UbbUG'l\I 

b 'Vi\Pl i:.Jfl 
' 
1. bdm&i:w Fe3+G'l\11'u?111G'l~mtJ 1~ii~.m1\9\ 1 ~ei'll5n~m 

2. b&i:W?f11G'l~mtJ Fe 
3
+ G'l\11 'U'llDfi~m "il~Vh 1 '!Xm1:WboLJ:WoLJ'U'UB\l?f11~\lbbG'l~~~l?lilru4ib~:W~'U 

3. bdm&i:w Fe
3
+ G'l\11'W'll5fi~m v111m'U?111G'l~mtJ Fe 3+1'Uu5n~tJ1b~:wmn~'U ?t:w~G'l~\lii 

m1bu~tJ'Ubb'lJG'l\l b'lJV11\lsff1tJmn~'U 
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.,; ... 3+ "I tl ......... 0 "I '::"! 3+ "I tl......... ..: .'¥ ~ 
4. b:Wtlbl?l:W Fe ft-!I b'U !Jn'HJ1 'Vl1 b'Vi b'Uf;'i1';ift~ft1tl Fe b'U !]n';itl1b'W:W:W1n"!l'W f;'l:W~ftlil-!I 

"' .,; 1 .'¥ .,; 3+ 
:Wn1';ibtlftt1'Wbbtlft.:i tl'V11.:i"!l11:w1n"!l'W b'Welft~ Fe 

18. BiOCl(s) + HCl(aq) ~ BiCl3(aq) + H20(l) 

"iJ1n'llnn~cmdm&i:w?111G'l~mtJm\9\ HCl G'l\11'Uunn~m "il~ii~G'l~eim1iibi:woLJ''U'UB\I ?111G'l~mtJ BiCl3 

B~1\lh 

61.J. G'l\9\G'l\I 

A. bvl1b~il 

1. ';i~Uu1i1~tl-ru~1l'WVIA'Vl1.:i~tl~mt111i1~1 tJ.ij'1.:iV1u1m n~'W 
2. 1~'U'U"il~'l.Jfo(9)'11 'U'ViP1VJ1\l~'ll5fi~tJ1"il ~ bfll'lflB'U mhJmn 

3. DDfl~tJ1 b DoLJ1\IVl~1bbG'l~flB'Uf1~'U"il~bvl1tl'U 

4. 1~'U'U1~iim1ufo(9)'111'l 1 



.· 
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b'Vi\PH .. m 
' 

1. b~ein1:5'~ 021 u-a::uuli!::v'i11 Vf ~:u~'1tJ~u~11 uViAviv'i11 Vf 0 2 b~:u~u tl'ufiei~:u~'1b~eiu:u1 
"' ..: 1"' ,,,: .N 'Vl1\16l11tl b U'lJ~'1 VI S02b'rl:U"!J'lJ bb'1:: 503'1~'1\I 

2. b~ein1~~ Oz1v~~'U'U1ii~v111Vf m.J~~ufol'i'1h1Vi~~v111Vf Oz b~:w~'W 1i'W~ei?1:w~m~ei'W:w1 
' ' 

vn:ieff1tJ blJ'Wr.J~1Vf SOz bb~:: 503 b~:W~'W 
3. b~ein1~~ oz1 'U'j~'lJ'UliJ::v111 Vf ?1:w~~u-r'lJl'i'11 'WVi~~v111 Vi' 

. ' 
' ' 

Oz ~~~..:J tJ'U~86'1:W~m~B'W:l.J1 
' 

'Vl1..:J'IJ11 bll'Wr.J~1Vf SOz~~~-:i bb~~ S03b~:W~'W 
4. b~ein1~~ oz1 'U'j~'lJ'Ulil~v111 Vf ?1:w~~u-r'lJl'i'11 'UVi~~v111 Vi' 

' 

' ' 
Oz ~~~..:J tJ'W~86'1:W~m~B'U:l.J1 

' 

20. Vim1~?1:W~~ CzH6(g) ~ Hz(g) +CzH4(g) tl1b~:Wbbfl?I Hz ~-:i1'lJ1'U'j::'lJ'lJ 1ii~v111Vfm1:w 

b .LJ:w-LJ''W'IJB..:J?l1'j b 'lJ ~ tJ'W bb '\J ~ .. rn ~1-:i 1 'j 
' ., 

n. [CzH6] , [CzH4] , [Hz] b'W:W~'W 
' ., 

'IJ. [CzH6] b'W:W~'U [CzH4] , [Hz] ~~~-:i 
•J 

fl. [C2H6] , [H2] b~:U"!J'U [C2H4] '1~'1\1 

d 1 "'011/ iii/ c:J ill/ 1. ~:u~~lil::b~eJ'lJ U'Vl1\16l11tl 'Vl1 VIWJ1:Ub"!J:U"!J'U"!JeJ{j C2H6 b'rl:U"!J'lJ fl11:Ub"!J:U"!J'U"!JeJ{j C2H4 
' 

I I/ii 4.1 I ~I/ 
'1~~..:i ~1'U fl11:Ub"!J:U"!J'U"!JeJ\I H2b'rl:U"!J'U:U1nn11\Plv'Ub'a:U\Pl'U 

2. ll1b~:Wbbfl?I Hz~..:i1 'lJ ?l:w~~ lil~b~B'W 1 LJV11..:i'IJ11mn~'W v111 Vi' 1"111:wboLJ':woLJ''U'IJB..:J ?11'j'l'Jnl'i'1 
' ., 

b'W:W~'W 

3. ?l:W~~lil~b~B'W1U'Vl1..:JeV1tJ v111Vfm1:WboLJ:WoLJ'U'IJ8\I C2H6 b~:W~'W bb~~ 1°111:WboLJ:WoLJ'U'IJ8\I CzH4, H2 
' 

~~rn-:i 

4. ?l:W~~lil~b~B'W 1 u'Vl1..:J'IJ11 v111 Vlfl11:J.JboLJ:WoLJ'U'IJ8..:J (zH4 ' Hz b~:W~'U bb~~fl11:WboLJ:WoLJ'U'IJ8..:J 
' 



: 21. '<\11n'lJl]n~cn 2N02 (g) ~ Nz04(g) + 'V'l6".:i.:i11..1 
., 

~tl1~1~~~.;j 1~iJ~ 

l\'1';iu m'W~ll~~ 1~tJ f11';ib ~llfl11llvl'W 1 ~tlU';i~Uu t:-.i~~bn~~'Wfl1';ib{J'W 1 LJmllm1rbLJ1~ 
' " 

f). "!J. fl. 

rnn 

1. m"1ru N02 :ij::b~"~'Wtiv'U :ij10,!'\J:ij::il\9lil~ bn\9ltl~mmhJ.U1~viu1"1n~'\J b-¥Jvil\9l 

tl~"1W N02 bbil::boU1~.fl11::~"\9lilbVI~ .... . 

100 

2. LJ~mru N02'<\J:::~~~.:iri~m '<\11ntlt.1"il:::b~ll'lJ~mru N02 bn~LJl]n~tJ1c!e:i1..1n6"umn~1..1 b~m.LJ1~ 
m1:::~i1~~1Vl~ 

' 
3. LJ~mru N02 "il:rn~6'1.:irie:i1..1 '<\11ntl1..1'<\J:::ri.:i~bdm.LJ1~m1:::~ll~6'11Vl~ " ' 
4. LJ~mru N02 '<\J:::fl.;J~ 1~bD~tJ'WbbD6'1.;J 

22. f11';j b ~llm1llv11..111..1\Jl]n~cn.LJ'e:i 1~~-vh 1 W.~t:-.i~~Jl'ru6Vimn~1..1 

n. N2(g) + Oz(g) ~ 2N02(g) 

"!l. 2S02(g) + 02(g~ 2S03(g) 

fl. N20 4(g) ~ 2NOz(g) 

1. f11';jb~llm1llv11..1ilt:-.16'1~e:im1~~ll~6'1·1m.:iLJl]n~tJ111..1~m1..1::: bbn~ ·vh 1 W.~t:-.i~~Jl'ru6Vim n~1..1 
., ., 

2. tlfimmil li11'U1'\J Llliln""!lei~~1-a~~~m.11nn-:i1li11'U1'\J 1"il-a1""!lei~~1-a~~~Jiru'1 vh 1 ~ 
d '1.1 .f "'1 '1 II "" <V ' J 

~"~ilbilv'\J b u'V11~"!J11"1n"!J'\J :ij~ b\9l~il~.flW'1"1n"!J'\J 

3. LJlj n~cnd 1\111..111..11llm1ll'LJ8.;J~1'rn~~Jl'ru6Vimn n111\111..11'U 1mr'nll'll8.;J~1";i~.;J~\! vh 1 ~~ll~6'1 
b~erw 1LJ'Vl1.:i'LJ11mn~'W ~.:i 1~t:-.i~~Ji'ru6Vimn~'W 

4. LJljn~tJ1~'<iJ1'W1'W 1llm1ll'lJe:J.;JlJ'lJ8.;J~1";i~.;J~'Wb vl1tl'Ul\J1'W1'W 1llm1ll'lJB.;J~1";it:-J~~Ji'ru4J vh 1 ~ 

~ll~m~B'W 1 LJ'Vl1.:i'LJ11mn~'W ~.:i1~t:-.i~~Jl'ru6Vimn~'W 
' 
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23. tJ5il'~c.J1d?11'a~-:ilX'Wbb~~ ~~1?1.flru.vivin'1Jt11?1eJ~ 1 'W?lm'W~bbn?l m'a b ~iim1~~'W 1 'WtJ5n~m1'W.rreJ11?1 
'il~ 1JJ:t1~~~eJ6'13.Jl?l~ 

' 
n. CaC03(g) ~ CaO(s) + C02(g) 

'LJ. 2CO(g) + 0 2(g) ~ 2C02(g) 

l'l. Nz(g) + 0 2(g) 2NO(g) 

b'Vi~t:-1~ 
' 
i. m'ab~iim1ii~'W 1 'WtJljn~m~:t1'1JeJ-:ibb~-:i 'il~ 1JJ:t1~~~eJ?lii~~ 

2. m'ab ~~m1ii~'W 1 'W'l.Jljn~m'LJeJ-:i bbn?1~:t1"il1'W1'W 1iim1i1'1JeJ-:i?11'a~-:ilX'Wii1nn".i1?11'a~~1?1Ji'ru.vi 'il~ 
1JJ:t1~~~eJ6'13.Jl?l~ 

' 
3. m-ab ~:1J1'111:1J~u 1 ut1~m£11"!Jei .:i bbn~~ii'11'U1u 1:1J~-a1:1J"!Jei.:i~1-a~.:i~u b vi1nu~1-at:-.1~~ll'ru.vi 

liJ:: hiiit:-.1~~eJ~:IJ~~ 
' 

4. m'ab ~iiri11~~'W 1 'WtJljn~CJ1'1JeJ-:i bbn?1~:t1"il1'W1'W 1~m1ii'VeJ-:i?11'a~-:ilX'W,JeJCJn".i1?11'a~~1?1.flru.vi 'il~ 

1JJ:t1~~~eJ?l~l?l~ 
' 

24. C(s) + 2Hz(g) ~ CH4(g) 6 H = -74 KJ 

t11~1?1'lJ~mm'VeJ-:J'a~'U'U 'il~Vi11Vl?l1'a1 'W?liJl?lm 'l.J~ CJ'Wbb 'l.J~-:iei~1-:i 1 'a 

.,: J 
CH4 b~:IJ"!l'lJ 

' 
'l.J~mru CH4 b~iJ~'W 

' J 
m:1J1ru CH4 b'W:IJ"!l'W 

'l.J~mru CH4 ~1?1~-:i 

2. b~ei~1?1'lJ~m1?1'a'1JeJ-:J'a~uu 'il~Vi11 Vf m1ii~'Wb ~ii~'W ?13.J~~'il~ 1 'l.Jvn-:ii1CJ Vi11 VftJ~mru CH4 

~l?lm 

3. b~eJ~1?1'lJ~m1?1'a'1JeJ-:J'a~uu 'il~Vi11 Vfm1~~'W~1?1~-:i ?lii~~'il~ 1 'l.J'V11-:i'LJ11 Vi11 VftJ~mru CH4 
' ., 

b~3.J~'W 

4. b~eJ~1?1'lJ~m1?1'a'1JeJ-:J'a~uu 'il~Vi11 Vfm1ii~'W~1?1~-:i ?l~~~'il~ 1 'l.Jvn-:ii1CJ Vi11 VftJ~mru CH4 

~l?l~-:J 
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( 

., 
~tl1~1~~~~ t~~~ 

2s. 1i11n~tJbde:i'U"a"a~bbn?1 No2 ~~1'Wvi~e:i~5~cn bdm~:wfl11:w~'W1~tJm"an~n1'Wvi~e:i~5~m Iii~~~~ 

~Bfl11:WboLJ:WoLJ'W"UeJ~ N02 ei~1~h 

b 'Vi\Pl~%'1 • 
1. "a~'U'\Jlil~tJ-r'\J~1 t tJ~~vi1~"l111 b tie:i~lil1n-~1'W1'W 1:wm1:w-ue:i~?11"a~~~'W1nnn11"i11'W1'W 1:w~ 

""' .., ' "a1:W"U eJ'l?l1"a~~ ~[I tu6Vl 

2. "a~'U'\Jlil~tJfo~1 t tJ~~vi1-:i~1tJ b tie:i-:ilil1n"i11'W1'W1:wm1:w-ue:i-:i?11"a~'l~'W111nn11"i11'W1'W 1:w~-ue:i-:i 
""' .., ' 

"a1:W?l1"a~ ~ ~ il tu6Vl 

3. b~m~11fl11111~ut~nu-a::uu fll1111b"li11"liu"llB~~1-a'Vln-!liJ~b~11;iu • 

26. 'V11i11"aru1tJ5n~cn [Co(H20)6t + 4Cl ~ [CoCli- + 6H20 

bdm~:w HCI (boLJ:WoLJ'U) V1~~V!tJ~~-:i1'W?l1"a~~mtJ [Co(H20)6J2+ zj-:i~~"tf:WVJ 1 cm
3 b-U~11~boLJ1tl'U 

" 
Iii~ 1Jl?11"a~~mv~tl1b~'U-ue:i-:i [CoCli- ~ei:w11°ie:itJ 1 b~:wJ1V1~~V!tJ~ 1 'W?l1"a~~mm~:wii lil'W tJl 

?111~~mtJ~"tf:wVJ 1i11ni!'Wtl1?111~~mtJ t tJ~'U~ 100 ° c tJl?111~::mtJ~tl1b~'UtJnn1tJ1btJ'U 
" • 6..1 

b'Vi\Pl~%'1 • 
1. b~e:i b ~11e:iw'Vlf1ij'IJ!ln~m":: 1 u"li1~V11!1111n;l'U b'IJ~tJ'U\11n~1-a%'1::%'11tJ~"ll11'V'l b tl'U~tl1b~'W 

'i \.I d..J v 

2. bdm ~1.le:i tuvtiliJtJ f1n~tJ11il ~cJ eJ'U n~'\J:l.J1 n~'W b tJ~ tJ'Wlil1 n?l1"a~ ~m tJ~tl1 b~'Ub lJ'U~"tf:WVJ 
, 'U d.J 'U 

3. bde:i%'1~eJtuV!iliJtJ nn~cnlil~ t tJoLJ'1-:ivti11m n~'U b tJ~tJ'Ulil1n?l1"a~~mtJ~6tf:W'V'JblJ'U~J1b~'U 
, 'U d..J 'U 

4. bdei%'1~eJtuV!iliJtJ nn~cnlil~ t tJoLJ'1-:ivti11mn~'U b tJ~ tJ'Ulil1n?l1"a~~m tJ~tl1b~'Ub lJ'U~"tf:W'V'J 
q 'U d.J 'U 
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21. LJnn~tn~m.rl'Um1~?1:w~r;i 
:;,) " ' 

CaO(s) + H20(g) ~ Ca(OHMs) + 109.2 kJ 

il1\9le.J~ fl1';! 1Vfl~'fo.J~l'lnru6Vimnm';!'Vl1e.J~1~1 ';! 

n. bvi11e:iruV1.nil1~n'U'l::'U'U 
' 'IJ 

b'Vl\Plt:-1~ 
' 
1. tJl)n~tl1 b tJ"li'1~V1ti1111n~'U b~el~lil1n b U'UtJl)mt11~\;lfl'J11J~eJ'U 'Vi11 m~t:-1~1PJJlW6Vi111n~'U 
2. LJ5n~~n 1 LJ.LJ'1~vi.W1m n~'U b ~8~"il1m ll'ULJ5n~CJ1ri1CJri11:w~e.J'U 'Vi11 m~t:.J~l'lnru6Vimn~'U 
3. LJ5ii~CJ11 LJ F5e.J'Un~'\Jmn~'U b ~8~"il1rn ll'U'\.Jl)ii~CJ1~~ri11:w~e.J'U vh 1 m~t:.J~l'lnru6Vimn~'U 
4. LJ5n~CJ11 LJF5e.J'Un~'\Jmn~'U b~e.J~"il1rn ll'ULJ5n~tnmCJri11:w~e.J'U ~11 m~e,i~191nru6Vimn~'U 

2s. LJnii~m~m1~?1:w~r;i 1'U.LJ'e.J1~ bne.Jnm';!b ~:wri11:w~'U"il~ne,ir;im~-rr1:w~eim';!b ~:we.Jruvi.nn d.J 'I. 'I 'U 

n. CO(g) + H20(g) + 6 H ~ C02(g) + H2(g) 

"U. N2(g) + 3H2(g) ~ 2NH3 (g) + 6H 

fl. PCL5(g) PCL3 (g) + Clig) H 

b'Vl\Plt:-1~ 
' 

1. b D'U'\.J nii~CJ1~~rn1:w~ei'Ubdm ~:weiruvi.n~LJnn~CJ1'iiJ~ 1 LJ-LJ'1~vit!1 bb(;1~bnm ~:wri11:w~'U~1 d.J 'U 'I 'U d..J 

~ 1'U1'U b:W(;1"U8~6'11';!~~ 19i''Ubb(;1~ e.J~~.nru6Vi b vl1 tl'U"il ~ bfl~'\.Jl) n~ tJ1Fi8'U n~'\J 
2. b u'U'\.Jnn~CJ1~~ri11:w~e.Jmnm ~:weiruvi.nDLJ nn~tn"il~ 1 LJ.LJ'1~vit!1 bb(;1~ bdm~:wm1:w~'U~1 d.J 'U , 'U d.J 

'11m'U 1:wr;i"Uei~?11';! ~~l'i''Um n n11t:.J~191.n' ru6Vi"il ~ bn~'\.Jl) n~ tn Fiei'U n~'\J 

3. b tl'Uul)mt11 fl1t1fl1111~e:im~e:i b vi11~w'Vl{lillil~ bn (;ltJl)mt11~e:i'Un~'\J bb~:: b~e:i b ~11fl1111~'Uti'1 

lij1'U1'U b1J~"l.lel~~1'l~~~'U111 n n11 t:-J~IPIJlW'11il~ bfl~tJl)mti1 b tJiJ1~V1ti1 
4. bU'U'\.Jl)n~tnmCJri11:w~ei'U bnm~:w~ruviiJil''il~bn~LJl)n~CJ1F5ei'Un~'\J bb(;1~bnm~:wrn1:w~'Uil1 

'11'U1'U 1:wr;i"Ue.J~?11';! ~~~'Ut! ei CJ n11e,i~191n ru6Vi"il ~ bn~'\.Jl) n~tn 1LJ.LJ'1~V1t!1 

29. fl1';!b\91~CJ:W NH3 (g) 1'U~\91?11'Vlm';!:W 1~CJH'm~UJ'Ufl1W1b'\J81 ~~~ 
N2(g) + Hig) ~ 2NH3(g) '\.J~n~tn~bU'U'\.Jl)n~tnFl1CJfl11:W~8'U fl1';jn';l~~11'UoLJ81~~nt:.J[;j 

1,X NH3 b~:W;'U 

n. b~:Wl°111:W~'U1 iXn'\J';!~'\J'\J 

"U. b~:We.Jruvi.nil 
' " 
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i. tJl]n~81"iJ~1u.U1-:iV1u1mn~tJv111Vi1~ NH 3b~J.J~'Ll 
2. bll'LltJ5n~mrn8f'l11J.J~el'Ll bdmw1~t1.!V1JJ:W tJ5n~81"il~ 1 tJ.LJ1-:iV1u1mn~'Llvl1b m~ NH3b~J.J~'Ll 
3. bU'Ut1nmv1f'l1vf01113.J~v'U b~m~3.J~W'Vl'Jij t1nn~v1~::1t1ih:i'Vlil13.J1n~'U'Vl1tm~ NH3 

~ .s 
b'V-13.J"ll'U 

4. bdei ~Wlffl1J.Jb-U'J.J-LJ''Ll"Uel'l H 2?1J.J~fl"il~b~el'Llb tJ.LJ1-:iV1u1v111 m~ NH 3b~J.J~'Ll 
' 

,, 
~tl1mmb~-:i hJ~~ 

30. "il1mtJu"j"j"iJbbn?1 N02 ri-:i1 tJV1riei~vi~riei-:i bdml1bbn?1ffi Ubb"111 tJtl1~ei'Ll 10 °Cbbn?11 'LlV1riei~ 
" ' 

vi~riei-:i"il~~~J1~nri bb~'lb -U'J.J~mdei b Vi8u nul'lei'Ub~J.Jl'i''Ll ti nl'i'ei-:iV1~ei hJ 
" 

i. u5n~81dbutJu5n~81~~m1J.J~ei'Ll bdm~J.J~ruV1JJ:W u5n~m"il~tJfo~11tJ.LJ'1-:iV1u1mn~'Ll 
2. tJ5n~81db umJ5n~81~~A11J.J~el'Ll bi1m~J.J~U!V1JJ:W u5n~m"il~tlfo~11 tJ1 'LlVll'31Vl1'l 

,, ,, ., "" 
8el'Ll nm.Jm n"U'Ll 

3. u5fr~mdb ll'Llu5 n~mf'l18f0l11J.J~ei'Ll bdm ~J.J~ruV1JJ:W u5n~81"iJ~u1'u\9111 u.LJ1-:iV1u1mn 
A' 
"U'Ll 

4. t1nn~v1db u'Ut1nmv1f'l1vf01113.J~v'U b~v b~3.J~W'Vl1Jij t1nmv1~::t1i'u~11 t11 'WVir1'Vl1~ 
lV ., .s 
EJv'Wmiu3.11n"ll'W 
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: 

111fle.J't.nn "U 

rh:in11~.m1'n~f.l'W~ b~eJ.:in11btJ~f.l'WbbtJ~.:i~~'WmYut~ 
'II 
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Q,I .c::::I 91d 
bbt:-.1'1Jfl1"51i!Wlfl1"ab "aV'IJ~'Vl 1 

Q,I d .c:.. .Cl 

"5Vii;l-"51V"lfel1"lf1 130223 bf13.I i'IJ 3.1.5 .f11flb~V'IJ~ 2 b1%'11 2 °1i'1b3.l.:1 

b~e:i.:i mcabtl~m..1bbtl%'1.:iVi~im~u1;! 

?11 'Hl ~m CJ fl1'Hn \?1D B n~ CJ 1 ij m~'\J'J'lJn1'~~'\J b?l1~'Vl1fl11:1.Ji bb~ ~ bb~ ~~\?ll'Vl CJ 1 P\1?! l?l{ ~€1?!1J~-!l~ 

b~CJ'U~ bb~~'l11m1:1.JfttJ1-dtJd~ bCJ'lltl 
~ ~ 

2. ~J%'1fl1"ab~V'Wl 

e:i5'lJ1 CJ m1:1.JV!m CJ'LJe:i.:itJ 1i n~CJ1~er'Un6l'\J 1~ .n11~?1:1.J\?1~ ?1:1.J\?1~J~V!11.:i?1m'U~ ?t:i..J\?1~ 1 'W 6..J , , , 

?11d~~mCJ~:i..Jl'11 ?t:i..J~~ 1 'WtJBn~mbflij bb~~ri1fl.:i~?1:1.J~~ 1~ 

b~:i..J 1~Vf~€Jfl1J b tJ~ CJ'Ubb tJ~.:izj.:iij fl1J b tJ~ CJ'Ubb tJ~.:i~.:i 1tJ.1f1.:iV1°iJ1 bb~~ m db tJ~ CJ'Ubb tJ~.:i {5 e:i'U n6l'\J 1°11'\J ri 
~ 

n'U1 tJ b -d'U J1 bde:i 1~·fo1°111:1.J~e:i'Ulll ~nm m ll'U 1e:itl1 bb~~ 1e:itl111l~ni'Ul'11 b ll'UV!CJ1?1tl1 bde:ie:iru'Vf .nii ' ~ 

~\?)~.:] \71.:it!'U bJ1b~CJ'U?!:l.Jfl1Jbb'Vl'U1~v1.:id 
J1 1e:itl1 fl1JbD~CJ'UbbtJ~.:i~er'Un6l'lJ 1~ (Reversible change) 

fl1J~lll~ b~ CJ fl fl1'H tJ ~ CJ'Ubb tJ ~ -!lb\?1 b lJ 'W fl1 db tJ ~ CJ'Ubb tJ ~ -!l 1tJ.1f1.:iV!°iJ 1 Vf ~€1 fl1 db tJ ~ CJ'W bb tJ ~ -!l 

EJ€l'Wfl6l'\J~'We:i~n'Ud°1b J1b~:i..Jl'i''Wlll1n~.:i 11?1n1~ ~e:i11b lJ'Wfl1Jb tJ~CJ'UbbD6'M 1 tJ-LJ'1.:iV1u1 
~ 

ii 

f1113.I~ 

i. e:i5'\J1 CJl°l11:1.JV!m CJ'LJe:i.:itJB n~ CJ1~ bn\?1~'We:i ~1.:i?l:l.J\ldcl tJ B n~CJ11 tJ.U1.:iV11!1 tJB n~ CJ 1 

{Je:i'Un6l'\J bb~~tJnn~m~~'Wn6l'\J 1~ 

in~~nd~U1'1Jfl1"5 

1. v'i1md'Vl1?1~e:i.:ib~e:i~n'l.'}1tJBn~m~er'Wn~'\J 1~'LJe:i.:i?11d~~mCJ cuS04bb~~?11d~~mCJ HCl 

mu~n~ru~el'IJW.:!U"a~i;l.:ifl 
' 
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n1'Hn~tJ5n~tJ1bfli1 en~bbu\11~ 2 tJj~b[lVl fie:i 

i. tJ5n~tJ1~ ~'W n~'U 1:W1~ vi~e:itJ5 n~m~ bn~?lll\pru vim tJ ~\ltJ5 n~ tJ1~?11 j~\l~'Wv11 
tJ5n~mn'W~'Wvill~ bn~~~~Jl' ru6Vie:i ~1\l?lll\Jjru b~e:i?11j~\l~'Wv11u5n~m n'W nm m lJ'W?l1j~~~J1 ru6Vi 

bb~1 ?11j~~~Jl'ru"Vl'1:!J?11lJ1jtiv11tJ5n~mn'Wn~'U 1tJblJ'W?11j~\l~'W1~Bn 
' 2+ 2+ b6tf'W Mg(s) + Cu (aq) ---+Cu(s) + Mg (aq) 

2. tJ5 n~ tJ1~ ~'W n~'U 1~ vi~e:itJ5n~tJ1~ bn~ 1:W?lll\Jjru vill1 tJ ~\ltJ5n~tJ1~?11j~\I ~'Wv11 
tJ5n~tJ1n'WnmtJ b lJ'W~~~Jl'ru6Vibb~1 ?11j~~ ~Jl'ru6Vi~bn~~'W?11mjtiv11tJ5n~tJ1n~'U 1 tJ b lJ'W?11j~\l~'W 
1~ b-d'W CaC03(s) CaO(s) + C02(g) 

tJ5n~m~bn~~'Wne:i'W fie:i ?11j~\l~'Wv11tJ5n~tJ1n'Wnmm u'W~~~Jl'ru6Vi b~tJn11 tJ5n~tJ11 tJ 
.LJ1\lvi1)1 (Forward reaction) b-d'W CaC03(s) ---+ CaO(s) + C02(g) 

tJ5n~tJ1~ bn ~~'W Vivi~ \I fi e:i ?11j~~~J1ru6Viv11tJ5n~tJ1 n'W nm mu 'W ?11 j ~\I ~'W b~ tJ n11 

tJ5n~tJ1~eJ'Wfl~'U (Backward reaction) b-d'W CaO(s) + C02(g) ---+caC03(s) 

1. fl11ll~ 
'\I 

1. bb'U'UtlnVI~~ i.1 

bb~~ 1.2 

bb 'U'U tlnVI~~ 1.1 ~eJ'Urol1t11ll1'W 

bb'U'UtlnVI~~ 1.1 bb~~ 1.2 bb 'U'UtlnVI~ bb~~~ 

bb~~ 1.2 

1)e:itJ 70% 
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•' 2. ~n~::m::u1'1Jn1'j 
.:: ...... ., d .. 'ITT llu ... ~u'j::bn'IJ .n 1'j::~ 1'1..1/"tl'IJ~ 1'1..1 16n1'j'Jfl bfl'jv~11ei bn ru 6t'l'VI "11 'j:: bll'LI 

'II 

1. vi 1 n Tm \9l ffeJ .:i ~'lbfl1?1'V'l~~m1:w bb uutl1::: biJ'U rX eN 1m,J~1 ff"Jl fl1 
" 

tJ5iHt.J11:::vd1.:i -11'lbbi:..i'Ufl11 vi'm.':1':::1'Llfl11 1:::~'\JfltlJJl1'1"1 3 
' 

?11161:::mt.Jfl8tl b tl8{ u5u~m1'Vl\9l618.:i 
.. .. .., 

'Vl\91618.:J fl8 \9l ':\J1m:::\9lu 

(II) sB'61b'lfJ1?1(CuS04) -88flbb 'IJ'IJ\?1111.:J fltlJJll'V'I 4 ~8 ~ 
' 

nu?11161:::m t.J m\91 
.., a 

'IJ'U'Vlfli:..161fl11 mn 

1ei 1\9l1fl~8~fl (HCl) 'Vl\91618.:J 

-u5u~m1i:..161 

fl11'Vl\9l618'l 
.., 

-?l'lbfll?lbb~::: 

.., a 
'IJ'U'Vlfli:.J~fl11 

'Vl\91~8.:J 

2. b~t.J'U11t.J'l1'Ufl11 1?111':\J?l8'\Jfl11 bbuutl1:::biJ'Ui:..i~ rX8.:i 1m,J~1n11 m 
" .. .. 

1:::~'\JfltlJJl1'\"l 3 'Vl\91618.:J b "llt.J'U fl11b"ll t.J'U11t.J'l1'U 
' 

.., a .. .. .., 
-fl11'\J'U'Vl fl i:..161 fl1'j'Vl\9l618 'l fl8 \9l ':\J1m:::\9lu 

fl11'Vl\9l~8'l fltlJJl1'\"l 4 ~e:i ~ 
' 

= ' -fl111 bfl11:::V! mn 

bb~:::?11tli:..i~m1 
' 

'Vl\9l~eJ'l 

3. bbuuu'UVin 
.., a .. .., a 

l?ld1':\J?leJ'Ufl11 bb 'IJ'IJ'IJ'U'Vlfl b"llt.J'U'\J'U'Vlfl fl1 
" 

n':\Jm1:w blue 
.., a 0 

n':\Jm1:w n':\Jm1:w 1JltinrXe:i.:i '\J'U'Vlfli:..161fl11'Vl1 
" 

bottle reaction n':\Jm1:w 70% 

4. fl11i11b?l'U8i:..161 bb uutl 1::: biJ'U 1Jlfl::: bb'U'UeJ~1'l~1 d 
-l?ld1':\J?l8'\Jfl11 b '\"l eJ'U 

vi'm.':1':::1'Llfl11 
~ 

fl11'Vl\9l~eJ'l eJeJflbb '\J'\J\?1111.:J 2 ':\J1flfl:::bb'U'Ub\?1:W bb61:::fl1 
" .., a 

tJ5u~fl11'Vl\9l61e:J'l 3 '\J'U'Vlfli:.Jmb61::: m1 

.., a 
'\J'U'Vlfli:..161fl11 

'Vl\9l~eJ'l 
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b off 1 b~8'WLJ[jllii 

n'ilm111 

~,N1'Wl'l1'1b1!;11 

bbfl:::~n~1rn111 
d 

1.'1:::€11~1.'ttn'WVl 

LJ[jlliim1vi~flt1.:i 

~-:ibnl'IV'IC]~m111 

m1Loff1b~8'W m1 

LJ[ju~n'ilm111 

n11~-!l-!11'W'll€1-!I 

um~8'W 

m1~n~1fl1111 
d 

1.'1:::€11~1.'ltn'WVI 

LJ[iu~m1V1~mN 

rn111~111i1t11u 

n11b~8'W 1'1€JU 

uuVinoff mJfl'il1nm1 ~-!lbnl'IY'l']~ff'i)ll 

v'i1n'ilff'i)ll bbfl:::v'i1 m1uuVin-fft1llfl 
~ 

bbtJUVl~?tt1ul'l18 'iJ1nm1v'i1 

fi'ilm111 Lm:::v'i1 

bb UUVl~l.'t€JUl'i'18 

" 
1.'111bfll1bbfl:::'i11 

€J~1-:iLJ1:::V18~ 
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d .. 
bfl'H.1.:Jllv 

bb uuLJ1::: Lilu 

flilli11V'I 4 
' 

flilli11V'I 4 
' 

bb uuLJ1::: Lil'W 

flilli11V'I 4 
' 

bb uuLJ1::: Lil'W 

flilli11V'I 3 
' 

flilli11V'I 4 
' 
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1. LY rn1CJmfl CJ~ -:i bnwnrn.J~ CJ'Ll61tn'U::;61Je:i-:itl11'Uu11:1J6111~D'1-:iV1~e:i11J bb{;1 ::;tl1:Wm1b u~ CJ'U 

61t11'U::;e:i~1-:ib 

2. m1{;1::;mmb{;1::;m1~rn.J~fl61JeJ'l b611b~CJ:1Jfl(;jeJ 11\V1:Wm1b'U~CJ'U61tn'U~e:i~1-:i 11 "il-:ie:i5u1CJ 

3. -Un b~CJ'U~~11u5iVfo1bfl:W~1'Ll 1V1fli?11m1ti~'Un~u1~Vl~e:i 11J 

4. u5n~CJ1~er'Un~u 1~bb{;1~u5n~CJ1~'Un~u 11J1~61Je:i-:i6111bb~nl>i1-:in'Ue:i~1-:i11 

8. fl11~~fli~'IJ1'Ufl11~V'U~ 
'U 

,Y'U~~1.:Jf'l11:W~'Ub"<il (Engagement) 

1. fl1bb{;1::;LYrn~CJ'Ue:i.fiu11CJ fl11b tl~CJ'U61tn'U~61le:i-:iJ11'Uu11:!J'1l1~1~CJ1 ir11m:1Jm::;IX'U 
'U ' 

- 'Llrn~CJ'UbflCJ~'l bfl~fl11b tl~CJ'U61tn'U::;61Je:i-:itl11'Uu11:1J'1l1~D'1-:iV1~e:i11J bb{;1~J1:W m1 b tl~ CJ'U 

61tn'U::;e:i~1-:i 11 (tl1~1~fom1:1J~eJ'U"il::;btl~ CJ'U61tn'U~bU'U 1e:itl1 b~e:ie:iruV1JliJ(;j~{;1,:i 1e:itl1mubb tl'Lln~u 
' 'U 

'" " b Dm11) 

2. mCJn~1e:i~1-:im1bLJ~CJ'Llbbtl{;1-:i~er'Un~u 1~b~:!Jb~:w b°1i'U m1{;1~mCJ61Je:i-:iJ1~1m111CJ 1 'Utl1 
'U 

~e:i'U "il'U 6111(;1~{;j1 CJ ~:w ~1 bde:i~ -:i~-:i 11~e:i ruVI nil~e:i-:i"il ::;;WJ 1~1{;1Vl11CJ'\J1-:i ~1'U ~ n r,.i ~ n BB nm n11 
' 'U 

b tl~ CJ'Ubb U{;1'l~ n~ru::;db~CJ n11 m1 b tJ ~ CJ'Ubb U{;1'l~ ~'U n~u 1~ 
- '\Jrn~CJ'U{;1'iJ-:JB5'1J1CJ fl11{;1::;{;11CJbb(;1::;fl11~flr.J~fl61J'iJ'l b611b~CJ:Wfl{;1'iJ 11\V1 

3. fl~ m:w'Ll flb~ CJ 'Ul 1 LY flb~ CJ 'U ~ ~11tJ 5n~CJ1 bf! :n ~d 'U1VItY611:W11'1 ~'U fl~'\J 1~ VI~ B 11J 

(tl5n~CJ1 bfl:W~1'U1 VltY b U'ULJ5 n~ CJ11 'UVl~Vl1'l b~ CJ1 ~B 6111~-:ilXm tl~ m.rn '\J(;j-:J b U'Ur.J~~.n ru61'11~ CJ 

bn~~'Ue:i~1-:i61:wu1ru b-1i'Um1br,.i11 V1~tl1~'U b ~m ~~-:i m1bm1 Vl~m~bb:wni1b~CJ:w m1 bn~?lilm Vl~n 
'U 

~nl'l B'lbb{;1~~1:w n'UV111°11~e:iu"i11 n fl"il m1:w tJ5n~CJ11~V111-:i?l11{;1 ~m CJfleJ'IJ b tlB{ (I I) s5'{;1 b yj~( CuS04) 

rl'IJ6111{;1::;mCJm~ 1e:Jb~1fl{;1'iJ~fl (HCl) 

" oU'U~111"<ilbb~::~'U...,1(Exploration) 

1. 1~'11m~CJmb'll-:in'1:w n'1:w{;1~ 2-3 fl'U Pin~115m1vi~{;1e:i-:i1'Llb~e:i-:i tlnn~CJ11~V111-:i 
' ' "" 

6111{;1::;{;11CJfl'iJ'UbUeJ{ (II) s5'{;1byj~ (CuS04) nu6111{;1::;mCJm~1e:Jb~1fl(;1eJ~fl (HCl) 1~boV11"iJ tJ1::;mru 

~ V I V V d 

5 'U1Vl bbm'1l1CJn'U11-:ibbr.J'Ufl11Vl~(;1eJ-:J e:ie:irnbuum11-:iu'UVlflr.J(;1fl11Vl~(;jeJ-:J 

2. m~bb"il'lbb{;1~bb 'U::; bb 'U1m1v11n"ilm1m1:w~-:i.Ve:if1111d'-:i1'Um11.ff6111bfl:Wbb{;1~~umru 
'U 

3. 1 ~LYrn~CJ'Uvllfl"il m1:Wfl11Vl~{;1'i)'l~1:W 1 u fl"ilfl11:!Jb~'i)'I tJ5 n~CJ11::;'V!l1'l?l11{;1::;{;11 CJ 

fl'iJ'\JbUeJ{ (II) imyj~ (CuS04) rl'IJ6111{;1~{;11CJfl';i~1e:J1~1fl{;1'i)~fl (HCl) ~'lbfl~bb{;1::;u'UViflr.J(;jfl1';j 
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4. fl1 bb 'U::;'l111 Vftr rn~c.i'U6"·~.lbnl'l m1b LJ~ tJ'U~'llfl..:!?111~-u~mc.i 1 'WVl61fl~~'Vl~ffei..:i~ 2 biJm~ii 
'IJ 

?11161::;mc.i HCl bb61::;b~iitl1m"ilhi-B'~b"il'U ~..:i,!'Wl'i'fl..:ibLJ~c.iubVic.iunu~'llfl..:i?t1161::;mtJ CuS04 1'Wtl1 
' " 

"il1nVl61fl~Vi 1 'Vlnfl~..:i 
' 

bdfltrm~c.i'Ui1utyVl1 
"' °!l'UvGu1mrn:~.:i"li'e:i~~'ll (Explanation) 

1. 1 Vftrrn~tJ'Ubb~61::;n~ii 1 bf111::;~~fl&..161"il1nm1'Vl~61fl..:J fliiLJ11mb61::;61..:i~fl?11LJ 
' 'IJ ' 

'1111 LJ ~ ~~~tr..:iVf fl..:i b~ tJ 'Ubb61::; 1 Vf (?)1 bb 'Vl'U n ~ii ~'U~ ~ 61..:J 1'U'll fl..:! n~ii (?)1 b fl..:! b ~fl l'l fl'\J f11 i;i1ii'll fl..:! b ~fl'U 1 

bb~11 Vftrrn~t1'Ubb~61::;n~&..1b~'UbltJ'U~~m1'U'llfl..:Jn~&..1~'Ufl~1..:ii1flt12 n~ii n~&..161::; 5 'U1Vi 
, " , 'I , 

~1..:in'Ufl~1..:ih 'lJru::;'lJ&..1~61..:Jl'U?11m1i;iinmiib~1'llfl..:!~61..:i1'U~~'ULJ1::;'<iJ1n~ii (Gallery walk) bdfl 

fl1u n1Vl'U~ b 1m1 Vftr n b~t1mb~ 61::; n~iim 11ii\911 n'Ub ~ fl~1ii n'U bb?I ~..:i fl11iif\~ b ~'U"il'U 1i1~fl?11LJ bb~1 
' ' 

l'lfl'Ufllf;ll&.J 

- ?11161::;mc.i?11161::;611t1flfl'Ub'\Jfl1 (II) imvJl'l "iJ::;bfi~m1b'\J~t1'Ubb'\J61..:ifl~1..:ih bdm~ii 

?11161::;mc.im~ 1e:J1~1fl61fl1mb61::;tl161..:i 1 '\J b ~11::;bVll'l 1~ 
' 

(bdm~iim~ 1e:Jfa1fl61fl1n61..:i 1 'U?11161::;mtJflfl'\J b'\Jfl1 (II) "7161 b vJl'l ?11161::;m m '\J~c.im U'U~b~t11bbn&..1 

b Vl~fl..:i bb61::;bdm~iitl1m 1 'W?11161::;mtJflfl'\J b '\Jd (I I) "7161 b vJ191 ?11161::;m m '\J~ c.im U'U~~1 b Vli1flm~ii) 

- bd flU 5 n1 tJ1 ~'Un i;i'u 1i1~1b'W'U1'\J1::; tJ::; b 1611'\ll~..:I ~..:1?111~..:i l'i''W bb61::; ~~ l'ltl ru~ 8 ..:lfl..:lvl1 

u5n1c.i1~fl 1u~nVl~fl1lJ fl~1..:ih (?111~..:il'i'mb61::;~~1'1.flru~8..:ifl..:iv11'\Jnn1c.i1~fl 1 u1i1~n ~1i1m1b~ii 

HCl bb61::; H20 bb~fl1"iJ"iJ::;6"..:ibnl'ln11bU~tJ'Ubb'\J61..:i11ii1lJ-il'~b"il'U 

- fl~miitr n b~ tJ'U 11'\J 5n1tJ1~ ~'Un i;i'u 1i1 bb61::;'\J5 n1 tJ1 ~'U ni;i'u hJ1i1'lJ fl..:!?111 bb\91 n ~1..:1 n'U 

fl~1..:ih 

'lliln'ia1vie1'Un~u1:i.i1~ Vl~flu5n~c.i1~ bfi~?tii\pcl Vl&..11tJfi..:i'\J5 n~ c.i1~?111 ~..:ilK 'Uvl 1 

u5 n~m n'U"iJ'UVl&..1~ bn~~~ l'ln ru~fl ~1..:i?1ii\J1ru bdfl?111~..:il'i''Uv11u5 n1 c.i1 n'U n611 c.i b U'U?111~~ l'ln ru~ 
bb~1 ?111t:.J~l'l.fl ru61'11lJ6'!1m1i;iv11'\J5n1mn'U ni;i'u 1'\JbU'U?111~..:il'i''U1i1~n 

' 2+ 2+ 
b'lJ'U Mg(s) + Cu (aq) ----+ Cu(s) + Mg (aq) 

'll~ma1vie1'Un~u1~ Vl~flu5n~m~ bn~ 1lJ?1&..1\J1ru Vlm c.ifi..:iu5n1m~?111~..:il'i''Uv11u5 n1t11 

n'Un611t1 bU'U~~l'lnru~bb~1 ?111~~1'1.fl ru~~bn~~'U?11m1i;iv11u5n1mni;i'u 1LJbU'U?111~..:i'9i''U1i1 
b~'U CaC03(s) CaO(s) + C02(g) 
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LJ5n~m~bn~~'UnB'U AB ?11d'~-:i~'Uv11LJ5n~mn'UrnnmlJ'Ut:-J~\91nru"V'l b~CJn11 LJ5n~CJ11LJ 
.U1-:ivil11 (Forward reaction) b'li'U CaC0 3(s) ___. CaO(s) + C02 (g) 

LJ5n~ CJ1~ bn~~'UVivi6l-:i AB ?11d't:-J~l'1fi ru"V'lv11LJ5 n~CJ1n'U nmm U'U?11d'~'l~'U b~CJ n11 

LJ5n~m~B'Un6l'U (Backward reaction) b'li'U Cao (s) + C02 (g) ____. CaC03 (s) 

1Vfi!m~CJ'U\91B'Url1m:w1 mb'U'Utln~~~ 1.1 

.ffu"llt11tlfl11~~ (Elaboration) .. 
1. A~bb'1 ~irn b~CJ'U~1:wn'U Bil'lJd'1CJ~-:iLJ5n~CJ1~er'Un6l'U1~~?11mw~'U b ~B 1 'Ll'fi11'1'1Jd'~~11'U 

b'li'U n1d'b'lJ~CJ'U?ftn'U~"LJB'ltl1 b1'11~:wtl11'UVl~B~i1~1tJ~ 

2. mbb'U~tl1n~m';j:Wb~m~:w1Vfi!m~CJ'U1~vi~'1B'lAB n~md':w blue bottle reaction 
" 

Predict) 

tl~~1<LJ1~bb~1 b <LJ81?11d''1~'11CJ~~ilmd'b 'lJ~CJ'Ubb 'lJ'1'lVl~B bJ B81-:i 1 d' 

- b~m1-:i?11d''1~m CJ 11'U'U 1~~-&1<LJru~ ?11d''1~'11CJ~~ b 'lJ~ CJ'Ubb 'lJ'1-:iB81-:i b 

- b~m<LJ81<LJ1~~i1?11d''1~'11CJBnA~'l ?f1d''1~'11CJ~~b'lJ~CJ'U~Vl~Bhi B81-:ib. 

4. i!m~CJ'Uvl1n1d'Vl~'1B'l 61'-:ibnl'1t:-J'1n1d'Vl~'1B'l b~Bvi1rl'1\91B'U~1nn~md':w blue bottle 

reaction bb'1~U'UVif1t:-J'1bb'U'UU'UYinn~md':w (~'U~'lbfl\91 : Observe) 

5. 11 n b~CJ'U e:i5rn CJ t:-J '1~1~~ 1 n md'61-:i bn l'1Vl~Bvi1f11191e:J'U1~ CJU n b~CJ'U bb~'1 ~ n~:we:i B n:w 1tl 1 b?f 'U e:i 
' 

t:-J'1fl1d'Vl~'1eN<LJe:i-:inzj:w\i11be:i-:i1 Vtb~e:J'U~'l b~CJ'Ue:JB'U1CJ 1 mb'U'UU'UYinn~md':w (~'Ue:JB'U1CJ : Explain) 

bb'1~ 1 Vfum~CJ'Uvllbb'U'UtlnVf~~ i.2 

.ff uu'ci::bij'W (Eva Lua ti on) 

1. um1CJ'Uvl1bb'U'UtlnVf~~ 1.1 bb\;1~ 1.2 
<l.J ~ QJ q 0 

2. ?t-:i bn\91~~1'1 md':w<LJru~'Urn d'CJ'UVl1n1d'Vl~'1e:J\l mn1-:ibbt:-J'Un1d'Vl~'1e:J\l e:ie:irnb 'U'U md'1 -:i 

u'UYint:-J'1n1d'Vl~'1B\l LJ5u~md'VJ~'1B\l 61'-:ibn\91 u'UYint:-J'1 ~~m~v11.Um;J'1 1bAd'1~Vi e:iiltld'1mb'1~ 

tl1b6'1'Ue:J 

3. \91d'1~?fe:J'U nld' b ~CJ'Ud'1CJ\l1'Un1d'Vl~'1e:J\l b~e:J\l UDfl~CJ1';j~Vll1\l?f1';j'1~'11CJAe:J'U b tlB1 (II) 

imvJ\91 (CuS04) tl'U?fl';j'1~'11CJfld~1~1~';jA'1e:J~n (HCl) 

4. 1'1d'1~?fe:J'Un1d'b~CJ'Ubb'U'UU'UYinn~md':w blue bottle reaction 



1. Vl6'1d.J'Vffl1?f&ifl 1 bbf:..J\I 
' 

3. ?f1~6l~mCJ CuS04 

3 
4. ?f1~6'l~mCJ HCl 6 moVdm 

,, ' 

5. tl1flGl'W 

6. '1J1\91'1J'W1\9lb~fl 'W~e:J:W~1ll\91 1 '1J1\91 

7. 1-WbbVl?fb6iJCJ:w1~\9l~e:Jfl161lii (KOH) 

8. fl6'l 1ri?t 
'lJ 

113 
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d 
~.:l'tlel .................................... . 

(m..:i?111~m..1~~ enbnn~~) 

'1..:i;;Je:i .............................. ········· ..... . 
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bb uutln~~~ 1.1 

' " ' 
~f) -?1~61 ................................................................................................. ~'U ................ b61'LJVJ ................. . 

f11~bb'i\l.:J 1 'l1'11n b'iV'Wb~:1.1f11~.:i 1'W'liei.:i11.:i1 'l1ti n~e>.:Jbb~~~:1.1u~ru 
'U 'U 

1. tJ5 n~CJ1~?111~,:il'i''Uvhu5n~CJ1n'U nm m lJ'U?111~~1i1Jl'rusvi bb~1 ?111~~\i1nru"V11ii?11m1t:lv11 
.c::...c:::..<:::::. v v 1 W: ~ 'V 1 Vd d 1 

tli]mCJ1n'Un61u tJbiJ'U?l11\i1,:J\i1'U \?le:in b1CJm1 ..................................................................................... . 

2. tJ5 n~m~?111~,:i l'i'm'11u5n~CJ1 n'U nm CJ b u'U~~\i1nrusvi bb~1 ?111~~\i1nrusvi~ bn\?l;'U?11:J..J11t:lv11 

<:::::.<:::::..<:::::. Q.J 1 W: ~ ii 1 i.l.c::il .:::I I 

tliJmmnffu tJbiJ'U?l11\i1,:J\i1'U \?leJnb1CJm1 ......................................................................................... . 

0 
I .:::i..:::i..c::.. d ~ !11 o 

0 
I <:::::..<:::::...:::i. v ~I <:::::.. v d' Cl! I 

3. u!jfl';iCJ1'Vl?l11\i1,:J\i1'U'Vl1u!jmCJ1f1'Uf1mCJb u'U~61\i1.fltu"Vl b1CJfl11 ...................................................... . 
.::::0.::;).<:::::.. d <:::::.. V d' 0 .c::..c:i..c::r.. Q.I W: ~ iJ ail I 

4. tl!J mm'Vl?111~61\i1.fltu6Vl'Vl1tJnmmn'W nm CJ b iJ'U?l11\i1,:J\i1'U b 1CJm1 ................................................ . 

5. m1bb?1\?l,:iu5n~mer'U n~u 1ii1m 1f bfl~e:i,:i'Vlm CJ ................................................................................... . 

6. m1bb?1\?l,:itJ5n~CJ1er'Un~u 1m oif bfl~e:i,:i'VlmCJ ....................................................................................... . 

~I •I""'""'"" ..., ., 1"' "" 1 ' 7. 2H2 + 02 _____. 2H20 bu'Uu!jfl';iCJ1~'Uf161'U \?l'Vl1fJ l.J ................................................................ . 

1 dc::i1 Q. w: .:::i..c::....:;:i. v Q.J 1"' .. 1 ' 
8. f111bmf111\J1 'U.fl1'lJ~'Vl:J..J~1ll\?lblJ'UtJ!)mCJ1~'Un61u \?lvt1e:i :J..J .......................................................... . 

Q.Q.0:::0. 2+ - ____. 2-
9. tli]mCJ1 [Co(H20)6] + 4Cl ....---- [CoCl4] + 6H20 

u5n~CJ11uif1,:i'V!1J1fie:i ............................................................................................................................. . 

al.c:::...c:;,;,.:::r. iJ CV~ 

u!j f11CJ1 CJfJ'U f161'U flf) ................................................................................................................................ . 

10. tJ5n~CJ11~Vll1,:J N02n'U H2 

tJ5n~m1tJif1,:i'V!1J1fie:i N02(g) +Hig) -----. NO(g) 

tJ5n~CJ1~eJ'Un~ufiei NO(g) _____. N02(g) +Hig) 

a j <:::::...C::..<:::::.. Q.I CV 1 "'"" 
u!jf11CJ1~'Uf161'U ~fleJ ....................................................................................................................... . 
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' "' ' d v q 

'1JeJ -G'i~i;'l .................................................................................................. '1J'U ................ bi;'l61JVl ................. . 

d 
nTH tl~f.J'Ubb tl~.:i~ n TH tJ ~ a'l.!bb tl~ -!I~~\! 

m-abtl~m..iutl~.:i 
er'Un~u1~ n~u1111~ 

1. nTHme..i~n61Je:i~rie:itJb'lhl1 (II) ~mvJ\911mrne:i~ 

~ll~?l'LlVl 

2. U';ieJVlbbm~ 1e:itl';ieJVl 1 m vie:i1'l~fa\9le:i1ru 
= d 

eJ ru VLfl ~fl~ Vl 
' '\J 

3. t11mbn11~J1bb~~~~vf~1nwxe:i~ 

4. n1';ibe..J1 b 'Y'lbbVl?lb61iCJ~btle:ifa~~mb'U\911 'Ut11CJ 
-., 

d 

m~b'l.JeJ~ 

s. m~~n1~tl1b~e:i~i;:i~ 1 Ubb~1ll~e.J1bbtJ'U 

6. J1er~i;:i~ 1'U61J1~~cr~1:W1~btl~e.J1 

7. n1';ibe..J1Vi'UtJ'U1'U.f11'1J'U~ll~ 
'\J 

CaC03 (s) ~ - Cao (s) + C02(g) 

8. NaCl (s) Na +(aq) + Cl-(aq) 

1 'UG'l1';ii;'l~i;'l1CJ~~\911 

9. e..JG'I~ Mg tl'U HCl 1Wl1'1J'U~~tJ~e.J1?1\lV1 



117 

nlilm-a:i.JVi 1.1 

b~B.:I tl~fi'it11'a~Vl11.:im-af;l~f;l1tlfllB'UbtleJ{ (II) 61i'f;lb'W\PI (CuS04) num-af;l~f;l1tln"afl1eJbfl'afllf;leJ°in 
(HCl) 

'6'1:1J1~nhin!ii:1J • 
v ' 

1 ............................................................................................................ oV'U ...................... brl'UVi ............. . 

v ' 

2 ............................................................................................................ oV'U ...................... brl'UVi ............. . 

v ' 

3 ............................................................................................................ oV'W ...................... brl'UVi ............. . 

~~tl-a~'6'1.:i~n1-a~~f;IB.:I 

1. vl1f11'a'Vl\?lr!B-:I b ~eJ~f1'rJ1'1J5n~CJ1~'Uf1Gi''U'a~Vll1-:lfl1'arl~m CJl°leJ'U bUeJ~ (11) im'VJl'l 

(CuS04) nu611'ari~mCJrn1?1 be1bl?l'al°lrleJ~ (HCl) 1vi' 

0 

'a1tln1'a 1il1'UTU 

"" 611'abl°liJ 

1. fl1'arl~mCJ CuS04 2 VICJ\?l 

2. 611'arl~mCJ HCl 6 mol/dm 
3 

v .., 
3. 

0 

'U1f1rl'W 5 VICJ\?l 

B'l.Jrnru 
' 

1. VlrliJ'V'lmfl~n 1 bb~N • 
2. Vlr!eJ\?lVICJ\?l'V'lrilfl~ f1 3 

.... 
ff U 

b'IJ~CJ'W~ iJ'WVine.Jri 

4. V1CJml1n6"'Wri-:i b 'W611'arl~mCJ 1 'W-1i'B 3 Viri~VICJl?l'V'l~BiJnul°l'W"il'W611W~mm 'IJ~CJ'W~ D'UVine.Jri 

s. v11m'avi1?1rieJ-:1~1 nu611'ab 'LlV1rlilb~iJ~nl°l~-:il'11iJ-1i'B 3-4 61'-:ibnl'l m'ab'IJ~ CJ'Llbb '\.Jri-:i 
' 



0 e e e 0 ViillfJbWd 4 biii'.!.JUl 

1 2 3 ., 
nm~ 

0 5 6 0 mrnJlff11 5 kfo1 
4 

0 0 0 0 0 WiWti:llll 

bQ 6 rnnl!rlm 3 

0 0 0 0 0 
l'IJlltlbf;l'iJ 6 kfol 

0 0 0 0 0 lj,(:l 6 rn o I/ rl rri3 

0 ., 

~1~1~~~~n1~~~~fil~ 

1. ?11'H'1~mt.1?11'a6'l~mt.1fle.Jtlbtle.i1(11) sd'mvl111 -;u~bn~m'abtl~t.1'Wbbtl6'l-:ie.i~1-:i1'a b~m~~ 

?f1'j6'J~mt.1m~ 1~1~'jf16'Je.i~mb6'l~J16'l-:i 1 tJ b '\lll'a1~bV11111~ 
' 

2. b~e.itll)n~t.11~'Un~'U 1~~1b 'Ll'U 1 tl'a~t.1~nmV1~-:i ~-:im'a~-:i(l)mb6'l~~~111nruo/lfY-:ifl-:i'V11 

tJl)n~m~e.i 1tJ~n'\l!~e.i1:W e.i~1-:i h 
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n1ilmi~Vi i.2 

b~eM blue bottle reaction 

,, ' 

1 ............................................................................................................ otl'U ...................... b~"tJVi ............. . 
,, ' 

2 ............................................................................................................ otl'U ...................... b~"tJVi ............. . 
,, ' 

3 ............................................................................................................ -ti'U ...................... b~"tJVi ............. . 

1il~tJi~li'l.:ifi°mi'Vl~~ei.:i 
' 

"'"' 

1. v11m·ww1~e:i-:ib ~e:iPin~1u5n~tn~'Un'1u 1vi'"j~Vl11-:i Methylene blue<oxidized) (~vh) 

bb~~ methyleneblue(reduce) (1lJ~~) 

'11'W1'W 

1. KOH 2 n{:w 

0.25 n{:w 

2 VltWI 
,, 

4. tl1n'1'U 

1 "tl1~ 

3 eJ'U 

15fl1"j'VJ~~e:i-:i 

1. b~:w KOH 0.2 n{:w~-:i1ml1 7.5iJ~~~m1~~-:i1'U "tl1~"tl'U1~b~fl~~e.J1lJ~"je:J1,X?11"j~~mCJ 
.. 

bCJ'U~-:J 

2. b~:wn~ 1ri?l~-:ihJ~n 0.25 n{:w 
" 

3. b~:W~'U~bAb\9le:i1buVi~~'U'\J~ 2 VlCJ~ ~-:i1'U"tl1~ 
" 

4. t11e.J1mtl~"LJ1~ b"tJ~1bb~~vi:w'U"tJ1~ 1 tJ:w11 'U~'U\9le:i'Ut1'?11"j~~mff~~btJ~CJ'UbU'U~Y11 
' 

5. 11-:J"tl1~~~?11"j~~mCJHu'U1~~ ?l1"j~~mci:11~n'1umbU'U 1lJ~~ 

6. bll~e.J1"LJ1~ b"tJ~1?11"j~~mCJ~nri~-:i ?11"j~~mCJn'<il~n'1umblJ'U~Y11mm~:w 



b'llU1 

'IJ~n~V1~ b~V'"JoUeJ{I 

b~e:Jb'LJ~1 : 02 + methyleneblue(reduce) (hJiJ~)--)~ methyleneblue(oxidized) (~~1) 

Methylene blue(oxidized) (~~1) + R- --)~ methyleneblue(reducell~iJ~) + 

~'W111ei'U n1"jbn~t1~n~tJ11~tJ~~ b~tJ~ 
1. KOH (dissolved in water) 

2. glucose + OH-

3. 0 2 (gas from atmosphere) 

4. 02 + 

(dissolved) 

methylene blue 

(colorless) 

(reduced form) 

5. glucoside + methylene blue 

(color blue) 

(oxidized form) 

oxidation products of glucose 

b'LJtJ1 

--?) K+ + OH-

> glucoside 

--7) 0 2 (dissolved in solution) 

) methylene blue 

(color blue) 

(oxidized form) 

--)-+ methylene blue + OH

(colorless) 

(reduced form) 

120 



n1"Hnwi.n11::m.1wi~"tle>.:1 methylene blue • 

methylene blue 
(hlue) 

re cu ;;ti 0·1 

----- .~.-
OXld~t1on 

(Herrr and Cunningham, 1999) 
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bb 'U'UU'L!Vinn1ilmca3.J blue bottle reaction 

,, ' 

1 ............................................................................................................ oir'U ...................... b6'16t!Vl ............. . 

,, ' 

2 ............................................................................................................ oirtl ...................... b6'16t!Vl ............. . 

,, ' 

3 ............................................................................................................ oirtl ...................... b6'16t!Vl ............. . 

"' "li''Ll'Vl1'L!1~ (Predict) 

1. bdm~:Wfl6'1bA~rn~1 tl?l116'1~6'11tJ KOH bb6'l~V!tJ~Btl~bAb\W€11b:WVl6'l~tl'U6'16'1~ 1 'lfl tl6tl1~bb~1U~e.J16tl1~ 
~ ~ 

,, 
"li''Llm"a~·!lbn\Pl (Observe) 

1 V!t!m~tJtJ'Vl1m1vi~ff€l~b~fl~ blue bottle reaction 1~tJPifl~1"il1fl 1 un"ilm1:w 

bb61~ut1Vin~61 m1vi~61 m 

... "" "' b3.J'Vl~~'L!'U~ bb~1 

b"t1a1 
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off'Uei5'U1fl (Explain) 

1-Mi! n b~ CJ'Ll ei5u 1 CJ fl TH 'lJ ~ tJ'Llbb 'lJ'1-:161Jm?11~~ bfi~~'Ll 
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v ' 

l'll1 ................................ i'U ....................... .fl1fl b~ tl'UVl .................... ti fl1~i'i fl~1 .................................... . 
d 

fl1~'Vl\91fl 'El'! b ~tl'I ..................................................................................................................................... . 

d ' 
'll'Elflfl:W .................................................................................................................................................... . 

' 

v ' 

1 ............................................................................................................ i'U ...................... bfl6l!Vl ............. . 

v ' 

2 ............................................................................................................ i'U ...................... bfl6l!Vl ............. . 

v ' 

3 ............................................................................................................ i'U ...................... bfl6l!Vl ............. . 

3 2 1 0 

f'l:~bb'U'Um~ (f'l::bb'U'Ub~11 12 f'l::bb'U'U) 
~ 

-a::~u fl ru111"W 
~ 

10-12 
.. 
\91:W1fl 

7-9 
.. 
(9) 

4-6 vrn1'1l' 

0-3 u-r'Uu~-:i 
' 

al al • '-' 1 al•'-'• .. 6'i1 ut:.m fl1~ u~~ b:l.J'U'Vlfl~~ 'Ufl1~ u!]'U\91fl1~'Vl\91f!'El'I b ~'El'! ..................................................................... .. 

CV at I d1il .c;.'.ll ~ CV 

6ll'El'l'U n b ~ti'U flfl:i.J ...................................................... fl~ bb 'U'U'Vl 191 ............... :wflrum'l"l'Elti b 'U~~\91'\J ............ . 
' ' " 

d ~I • 
fl'l'lltl ................................................ e.Ju~~b:l.J'U 

" 



1. n1'a'J1~bb~'Un1'a'V1~'1el~ 

1.1 ~1:Wn'U11-:i bbe.Jt.lbb6'l~bb 'IJ-:iV1iJ'1~ b ~ei'lJl)'lJ°i\91i:u1f5md'Vl~6'leN 

1.2 fi:wn'Ueiein bb '\.J'\.J fl1'j'Vl~6'lei\lbb6'l~\911'j1\lu'UVi ne..16'1 fl1'j'Vl~6'lei'I 

1. 3 ~1:w n'U n1V1'U ~1 \91 ti ud ~?l 'IA bb6'l ~?l:w:w&i \i1'U fl1'j'Vl~" ei'I ' ~ 

2. m-atl~u~m-a'V1~'1ei~ 

2.1 ~1b'Ll'Ufl1'j'Vl~6'lei'lm:w~'U\91eJ'W 1 'Unm~n1V1'U~ 

2.2 b~ein1.UeiLJmru'1~tinlii'ei'I 
' '\J 

LJl)u~1~ 3 LJd~b~'U1~ 3 

u5u~1~ 2 ud~b~'U1~ 2 

ul]u~1~ 1 ud~b~'U1~ 1 

1~1~LJl)u~~\l 3 U'j~b~'U 1~ 0 

A~bb 'U'U 

l"l~bb'U'U 

l"l~bb 'U'U 

l"l~bb'U'U 
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d 
J1 t.MTWfllJVl\?16'1 eJ'lb JeJ'l ......................................................................................................................... . 

~eJfl~:W .................................................................................................................................................... . 

':i1 tin T'a'lh:aih.J 

1. fl1JtJt!Vlfl(;-J6'1fl1JVll?16'1eJ'l 

2. fl1Jl bf1J1:::'Yibb6'1:::?fJiJ[;-J6'1 fl1JVll?16'1eJ'l 
' 

3. 1we:i'U1°11m:wV1~.:imJVJ1?16'1e:i.:i 

':i13.Jfl~bb 'W'W 

bn ru,,m':iw"il1'aru11 ~fl~ bb 'W'Wn1':ib ~t1'W'a1t1.:i1um':i'Vl~~ei.:i 

U':i~ b~'WW"il1':iW1 

1.n1'aU'W~n~~n1'a'Vl~~ei.:i 

fll~bb'W'W 

3 2 1 0 

el el flbb 'U'U \911J1\lD'\.JVl rn.rn fl1TV11?16'1'EJ\l bb6'1 :::tJ'\.JVl fle.J6'1fl1JV1~6'1m1~'1 fl~ el\l flJ'U tl1'\.J 3 
'\J 

'U1'l~1'\.J 

1 bf1J1:::~.1Jel:w6'1 "il1 fle.J6'1fl1JVl1?16'1 el'l hfo fl~ el'l bb6'1 :::?f Ji.J (;-J 6'1 fl1JV1~6'1 m hJci fl~ el'l 
'U 'U 'I 'U 

3. n1'a!PIB'Ufl1tl11l'Vl~.:!n1'a'Vl~~B.:I 

!PleJ'UA1tn:W1~'1fl~el'l ?f:W'UW1 bb6'1:::mu'11'W~'l 2 oLJel 
'\J '\J 

1P1elul°l1m:w1~cifl~el.:i bb6'1:::mul11'W~.:i 2 oiJel 
'\J 

1P1el'Ul°l1m:w1~cifl~el.:i ?t:wudru bb6'1:::Adul11'W 1 -Uel 
'\J '\J 

1P1elu1°11m:w 1~cifl~el.:i 
'\J 

1 

0 

3 

2 

1 

0 
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d1 ii Q 
., 

ri::bb'W'W'VI ~ (ri::bb'W'Wbl'lil 12 ri::bb'W'W) -a::~uriru.n1w 
' 

8-9 ""' ~:inn 

6-7 ""' ~ 

3-5 vrn1i 

0-2 u-r'LJtJ"j,:i 
' 
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' ~ 

f11'j"Vl~~f)\I b~eJ\I ...... ········· .................................................................................... oU'U .............................. . 

l'UVl .......................................................................... ~?leJ'U ..................................................................... . 

"' ' "lle:imu.1 • 
1. 

2. 

3. 

d 
b~"ll'VI 

r11~bb~M 1 Vf~tJ'j:::biJ'U~\I bf1l'l~~~m'jiivi'1'U~1\I 1 "1leJ\lirm~CJ'Ubb~::: b ~CJ'Ubl°l~eJ\l'VlmCJ I 
~\11 mie:i\l'j:::~'Uf)rum~miibnruBV'i~\ld 'j:::~'U 4 'VlmCJ~\liJ~~~m'jiJ 1 'U'j:::~'U~mn 

'j:::~'U 3 'VlmCJ~\liJ~~~m'jii1'U'j:::~'U~ 

'j:::~'U 1 'VlmCJ~\liJ~~~m'jiJ 1 m:::~'U~eJ\ltJ1'mJ1\I 

iJlirCJ boLJ1b~CJ'U tJ5u~n"iJm'jii ~\l\11'Ul'J'j\lb1m 

bb~::: 1'mn m1i1?1 :::m ~?!ti 1'U ~tJ Bu~ f11'j 

4 3 2 1 
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l d'lb~ tJ'W~ t\j-;u1f!i m~n 

el1b.fl8~t\J-;u1~~ ~'l'Vll\91 'IJ'i)'Wbbrl'W 

ld-:ib~tJ'W~\91~tJ~m 

rl1Lfle:ibije:i-:itJ~m ~'l'Vll\91tJ~m 

l d'lb~tJ'Wfltu~d1~~Tu11-:i 2 

rl1Lfle:ibije:i-:itJ~m ~'l'Vll\91tJ~m 
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... JI ., "" ~~nT~l'l'fl1illi'IB'Ufl113.Jl'l":i{lb"lf.:!b'IJBVi1CIOC) "!JB.:!bb'U'U'Vl~li'IB'U1~fl113.Jb"!l1 b'<il 

3.Jb'L!3.J~'V11.:i1'Vlmfl1li'll'!{ b~a.:i li'13.J~~bflij uuu\J":i'l1t1"lfil~~1b~an 2 ~1~'Uoff'LI • 

... «( ., d 

d 
fl~bb 'L!'LI fl113.Jfl ~ b Vi'Ll"!leH~ b "!f t11"!f1ru 

'IJ "' IOC 
... 

Fl'W'VI d d ":i13.J ~~n1":i'W1iJ1":iW1 
fl'IJ'Vl 1 fl'IJ'Vl 2 fl'LIVi 3 

1 1 3 1.00 
IV 

1 1 m:w1 rift e:i \I 

2 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

1 3 1.00 
IV 

3 1 1 ?IB~f1f!B\I 

4 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

5 0 1 1 2 0.67 
IV 

?IB~f1f!B\I 

6 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

7 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

8 1 1 1 3 1.00 
IV 

?IB~f1f!B\I 

9 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

10 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

11 1 1 1 3 1.00 "' ?IB~f1f!B\I 

12 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

13 1 1 1 3 1.00 
., 

?IB~f1f!B\I 

14 0 1 1 2 0.67 "' ?IB~f1f!B\I 

15 1 1 1 3 1.00 
IV 

?IB~f1f!B\I 

16 1 1 1 3 1.00 
IV 

?IB~f1f!B\I 

17 1 1 1 3 1.00 "' ?IB~f1f!B\I 

18 1 1 1 3 1.00 
IV 

?IB~f1f!B\I 

19 1 1 1 3 1.00 "' ?IB~f1f!B\I 

20 1 1 1 3 1.00 
IV 

?IB~f1f!B\I 

21 1 1 1 3 1.00 "' ?IB~f1f!B\I 

22 1 3 1.00 "' 1 1 ?IB~f1f!B\I 



~1'11.:1~ .:i.1 ~~m'l~n'1~t1uf111:1.1~'l.:ib;i.:ib ile:i'Vl1'llt1.:lbb 'U'U'Vl~~e:iu1~fl11:1.Jb~11'1:1.1 b 'l..!:1.J~V11.:i 
1'VIV1f11~~i (~el) 

"" ~ ,, d 

d 
fl~bb 'l..!'l..!fl11:1.Jfl~ b'Vl'l..!'lle:i.:i~ b"ll£.11"ll1ru 

'U ... 

IOC "" Fl'U'VI d d d 'j'J:IJ ~~n1'l'W'11'1W1 

fl'l.J'VI 1 fl'l.J'VI 2 fl'l.J'VI 3 

23 1 1 1 3 1.00 
., 

?I eWl A '1 €1 'l 

24 1 1 1 3 1.00 "' ?1€1~A'1€l'l 

25 1 1 1 3 1.00 "' ?1€1~A'1€l'l 

26 1 1 1 3 1.00 "' ?1€1~A'1€l'l 

27 1 1 1 3 1.00 "' ?1€1~A'1€l'l 

28 1 1 1 3 1.00 "' ?1€1~\9'1€1-:J 

0 1 2 0.67 "' 29 1 ?1€1~A'1€l'l 

1 3 1.00 "' 30 1 1 ?1€1~A'1€l'l 

34 1 1 1 3 1.00 "' ?1€1~A'1€l'l 

1 3 1.00 "' 35 1 1 ?1€1~A'1€l'l 

1 1 1 3 1.00 "' 36 ?1€1~A'1€l'l 

37 1 3 1.00 "' 1 1 ?1€1~A'1€l'l 

1 3 1.00 "' 38 1 1 ?1€1~A'1€l'l 

1 1 1 3 1.00 "' 39 ?1€1~A'1€l'l 

40 1 1 1 3 1.00 "' ?1€1~A'1€l'l 

133 



~~m~1bf1~1::~fi1f111:1.Jl!1n~1ll (p) fi1B1'L!1"il1'i1bb'L!n (r) u~::fi1f111:1.Jb~£1~'L! 

"l.1£1.:J bb 'U'U'V1~~£1'U1~f111:1.J b il1 L"il:l.J L 'L!:l.J~'V11.:J1'Vlll1fl1~1W~ b~£1.:J~:l.J~ ~ bflij 
' " bbUU'l1~'1ll'ticU~l91'1b~£1n 2 ~1l'lu'Yi'LI 

1P11~1.:i~ .:i.2 fi1f111:1.Jmn~1ll (p) bb~::fi1e11'L!1"il~1bb 'Lin (r) "!1£1.:Jbb U'U'Vl~~vu 

,, 
6l.1£1~£1'U ,, 

0 Q,/ Q,I Cll 

fi1f111:1.Jmn~1ll (p) fi1B1'L!1"il~1U'L!n (r) ,, d ~1~'U"!J'L!'Vl 

"!J£1'Vl 

1 0.57 0.20 
1 

2 0.47 0.40 

1 0.60 0.40 
2 

2 0.50 0.73 

1 0.50 0.20 
3 

2 0.70 0.20 

1 0.50 0.20 
4 

2 0.53 0.27 

1 0.30 0.47 
5 

2 0.63 0.47 

1 0.47 0.27 
6 

2 0.40 0.53 

1 0.60 0.40 
7 

2 0.30 0.33 

1 0.47 0.40 
8 

2 0.40 0.53 

1 0.57 0.47 
9 

2 0.47 0.53 

1 0.53 0.33 
10 

2 0.40 0.40 

1 0.80 0.27 
11 

2 0.47 0.44 
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~1~1.:i~ .:i.2 fi1fl1111t11n~1v (p) bb~~fi1e11'1.J1"il:51bb'l.Jn (r) 'lleJ.:Jbb'U'U'VlVl~eJ'U (~ei) 

"' "lleJ~eJ'U ,, 
0 Q,I QI .q 

fl1fl'J11JV1n~1V (p) fi1e11'1.J1"i1:51bb'L!n (r) 
"' d 

~1Vl'U"ll'U'Vl 

"llel'Vl 

1 0.33 0.40 
12 

2 0.53 0.67 

1 0.33 0.53 
13 

2 0.50 0.20 

1 0.43 0.47 
14 

2 0.50 0.20 

1 0.60 0.27 
15 

2 0.37 0.73 

1 0.43 0.20 
16 

2 0.37 0.47 

1 0.40 0.27 
17 

2 0.20 0.40 

1 0.43 0.33 
18 

2 0.50 0.20 

1 0.43 0.47 
19 

2 0.43 0.33 

1 0.40 0.27 
20 

2 0.40 0.27 

1 0.43 0.47 
21 

2 0.43 0.33 

1 0.53 0.40 
22 

2 0.43 0.47 

1 0.37 0.47 
23 

2 0.23 0.20 

1 0.50 0.20 
24 

2 0.27 0.53 
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1 0.37 0.60 
25 

2 0.53 0.40 

1 0.47 0.53 
26 

2 0.43 0.20 

1 0.50 0.60 
27 

2 0.27 0.27 

1 0.33 0.40 
28 

2 0.50 0.20 

1 0.53 0.27 
29 

2 0.47 0.27 

1 0.47 0.27 
30 

2 0.57 0.20 

' ' ,, 
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