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Abstract 

'Thc purpose of this  rcscarch is to dcvclop thc modulcs on Inorganic Chemistry ~ 
laboratory I1 which  designed to improve studcnts' scientific  skills arc pro\.idcd in ordcr to ~ 
enhance students' oppol-tunities to ~~tilize thc scicntitic equipment. Through this process, six 

modules were const~ucted. The contents of a11 modulcs  corresponded to Ra-jabhat Institute ~ 
curriculum 2000 cover Inorganic Chemistry Laborato~y 11. 

Popillation in this st~rdy was 360 Rajabhat undergraduates. This study was 

separated into three  parts, firstly participants' attitude, secondly. participants' achicvcmcnts 

and  finally, the efficiency of the modules. Thc tools wcl-c, modulcs. attiti~dc qucstionnairc and 

pre-test and post-test. SPSS for Window was used to analyzc thc data. 
I 

The findings showed that participants had positive attitude towards all modules. ~ 
Logical thinking was achieved through thc process of' modulc intcraction. All 111odulcs hclpcd 

crcate studcnts ability to i~tilizc the installed scicntitic cqu~pmcnt. Part~c~pa~lts gained Inorc 

knowlcdgc from  studying a11 motlulcs ;it thc Ic\cl 01' 0 05 stat~st~cally s1g111fic;ltlt. 7'11~ 

cfficicncy of all modulcs wcrc in the crltcrla E, : E, = 75 : 75 . Ill~s u as acccptcd for rhc crror 

&5'% wwhcrc E, was tlic 75% avcragc scorc  from modulc stildy report E, was thc 75%) avcragc 

scorc from the post-test. i 
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2.1 f)l9~89dbb9J¶Jd~9JFlfll'd (Laboratory  approach) 
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26 4 12 1 

27  4 15 17 11 121 

2 8  4 17 18 13 169 

29 4 15 19 11 121 

30 4 16 18 12 144 

3 1  3 15 18 12 144 

3 2  4 14 17 10 100 

33  3 15 18 12 144 

34 4 16 19 12 144 

3 5  4 14 17 10 100 

3 6  5 14 16 9 8 1 

3 7  4 15 17 11 121 

38 3 16 18 13 169 

39 4 17 19 13 169 

40 4 15 16 11 121 

4 1  5 16 17 11 121 

42 5 14 16 9 8 1 

43 4 15 18 11 121 

44 4 15 18 11 121 

45 3 16 17 13 169 

46 3 17 17 14 196 

47 5 15 18 10 100 

48 4 16 19 12 144 

49 3 17 18 14 196 

50 5 16 17 11 121 
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1. b~7~I.l Stock  solution VBd316 b$~lJ (+5) (nlRWU2fl) 1/ 2. i~lfuu3.riaGaEu ((mnwuan) Iiiluvan~dru~j 

Stock  solution Ul 25.0  cm
3 
%d%~"v2qd 

(Suction) 

s. piiaira-aiudl~o~nnis?f~d 6 ndiun32u<srins-m.tlnsad3adai 

~~adasn"odli%~%~6~~a~udua~l~j aY19wd 0.5 M 
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nfda: is cm
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2 n? mdiunrauadWsau 



lo. iaiti.riin~ariuin?aq~mainlR i4aiiIXaini~iium~nsauasIdIu 

9, d msnzmudszui~ 5 uid iJilnqn~iaz51qda ~~u9umra:mun"au$inku inuIX$ida~is 

erauasIuaisa:aiu9a"u 

1 I. i'u lo M nsmGa9a3n lo 

d3:~11fild 60- 80'~ 

12. 

cm
3 iih41msa:aiuIdiiu9X~au~fild~~~ 
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(mnwuan) ouInYaisazmufima"m (imm iiS~gnyi$ ~~U~~I~?UIRSP~~~HI~RBRIU 

u1plr~iu~wimaiGuuidai~bu~niiundI4 



Y sr 

1. %uni%wmaosnYdil%4ai~inG8 19619 

1 2. K14oisanoinivo~ari~a:a1u tiin& Ijndnlnt~iiai~uluuoin stock 

solution nn?n'a~~au~d~8~an"~~~n~n~a~a~n8~&aui~ua~bub~uutav88n~~~$ut~i~~ 
'44 sr 

osi%uudijii?uiwinn%~ 
49 4 

3. Gdi~Ga5uuv~mn.diGdi8eiid1 luni~%$t'bSuGa?Sa4 

4. 'M&~ln$l Aeration Mf8; nil Air oxidation ~R~~l~8lfllflad~,d%u 

arl9a~alubbbaaibut~~uo:~bav88n~b~$ubw'1~ bi~~4oi~mi~iniv~~ari~asaiu QSLGJU 

,.a, d 4 2 
d~nsuiwannvu 1 

5. o~t%~ud~ii?uims1~1~w~~ar1s~:aiuv~~a1iu~Suu&~uaira:aiuui~sgiu 

Iwi~wniGuuideii~u~nitu~vl t~n:iiuammiaudon~bm$uv~daiiui~uu 
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nanmu 1.2.1 aaas 1.2.2 

2. tde~bdm6airaaa~uaibub~uu (+5) oin Stock solution $d~u%a~;d%ud 
249 d 
wu~.moGarillei bb&aduns~Ga~a?na!d aisa:aiue:ld$uudub ....................... 

~~d?uiwsbvedni~a:aiu!Ab~in"p~ ....................................................................... 
0 9  

4s 4 4s dp, 

o'iw'~i~onein~ue~n~sa~a~uw~n~~u~~n~~-diai~u~~uuo~n stock solution ;nsRmRau 

~an"ou'a6~diinm~a~a~n~~~a~b~~alb~b~~~ba%~~n~b~~~d~i1n"11.. ........................... 

dij~iuidiiiniu n"o 



4. ~i%Ifllfl~l Aeration 'M%l~fJ~Tdl Air oxidation %fl~~lU8lfl181~9!d%U 





1. ~1da6aizn:aiuniubZuuo1n stock solution 25.0 cm
3 
1~iIu~an~d11u~ 

uuln 250 cm
3 
L&J 2 M n3wGa3a?n 25 cm

3 
iiarFqiZuufaY.d6 1 g m'!d wu1ga:aiu 

Y Y 

AGqY?"Su{wiudr:uifild 5 uid rjun"nfi6uoqmra:mu 

2. ~~a(l~a~al~~~i~~~~~19oa"8~ 5 Ill; i~~~l~~bb~a(~~bd8fi~~8n?%~ 

(SO,) i~Inb?uW888n~d ind3uia5ue~mza:m 

3. ~w~w~a~1za:a1u6ufild:feuR"aua(1zarn1ulr1a~~1~d~~~iwai~~uide~iiu~- 

miua ou1R"aisa:aiuiima"e~ (iian-riithgnyii) rjun"nd?uinruoqaisn:aiuwaraiu 

"a~twat~ulrtdai~~u~niaum~14 





9 

nanmu 1.3.1 1.3.2 

I. ~ordsl~u~.a~iiuu$aldiasl~~~x~:~~~~~~~~~~~ (CS) 01" Stock solution 

2 a 14, d d 
vsunsmCiTa3af'nagmau ar~sa:a~uo:~dnerubdu~ .................................................... 







I. ~1dn6aira:aiuailuduuoin stock solution 25.0 cm
3 
l?iluvaa;dnrui 

vuln 250 cm
3 
lWu 6 M nsaGa3aPn 10 cm

3 
lla: 85 ld8-fi&4&3Rd@fld& (H3P0,) 

9 Y 

5 cm
3 
oini?uduleieeu (+2) Caldn d5:mtu 1 g adld nciinua:aiuuba~.rw"dlI 
4 4 

3 pdli fl ~ w ~fl b b ~ ~ ~ ~ d ? ~l ~3 ~8 d ~l3 ~ ~ ~1 ~ 

2. dulieublfiuu1d8i8anTc11ln$aidn ; (NHJ~S~O~ d5:uim i g ~Wd061i'm 

leimu (+2) GanImdlnnlfuwes8nId nu~di.r~l5.riin 2 - 3 in; 

3. ~w~wsm~~mra:aiuuins~iuhw~~nnt~uuudai~iu.rni~un~~mw~iiwYa~ 

oulMaisa:aiul8u8mds.r (~~nn.riio".rpmyi?) rjun"nd?uins.ue~ai~a:aiuuinsoiu 

~wli~arl~uub~bd8illudnilun<l4 









wry 

~waa61pdds%nsnra¶J 

Cotton, F.A. , Wilkinson, G. Advanced Inorganic Chemistry. New York : 

John Wiley & Sons, 1980. 

David ,R.L. , Frederikse , H.P.R. Handbook of Chemistry and Physics. New  York 

CRC Press LLC . 1998. 

Mackay , K.M. , Mackay , R.A. Introduction  to Modern Inorganic Chemistry. London : 

International  Textbook Company , 1981. 



1n~ioii~~~i~~umisi~~i~ssni8~ 2 wanln~ q 5s ~iq~sw~i~uiwMgd 
d s d 

iin:~igimsuG$u ~1r~~ald~i~ii~~uGCun811ud~~1g~s:ms81p.4~slsssu11sinn~ssu%u 
ds w 

d - nts f - aosuwnliiiu ~nYiiri ngn ju d iin: f ~umisi~~i~iuisd ~igimsu~~u 

1 IIIB IVB VB VIB  VIIB -VIII -- IB IIB I 

89* 104 105 I I HI Hal 

Bu 1r~iu9ll'Gui~lnliTmuoi~uauG~~ir 7 drznoukd .,a qkiniui~uiBun~gdrbie,oousejirGe,u I 
Ad9 d 

'louou nusiannioulu d - ooiGviaIinru9. niuiiuiuif~ii~n; IIB im: IIIB s:lu'L~ilu~iig 
249 d 

~~.YISU%U ~)~S~BFJ OU WB~BLB~~~~~UIP~ d - ~)~~~G$BI~ws'u 'O:k?~fli'l Transition n~ctal ion 

ULanthanide 

Series 

*Actinide 

Saies 

58 

Ce 

90 

Th 

59 

Pr 

91 

Pa 

61 

Pm 

93 

Np 

60 

Nd 

92 

U 

62 

Sm 

94 

Pu 

63 

Eu 

95 

Am 

64 

Gd 

96 

Cm 

65 

Tb 

97 

Bk 

66 

Dy 

98 

Cf 

67 

Ho 

99 

Es 

68 

Er 

100 

Frti 

71 

Lu 

103 

Lr 

69 

Tm 

101 

Md 

70 

Yb 

102 

No 



s w d 
1. ilynsulm5u%%UM 1 (First transition series) ~ ~: ~ D U ~' ~ U U ~ ~ RI ~I ~ ~I ~ ~ 

4s d ds w 

Sc 1.1 Cu ~~o:ralou~~o?88ouuo~nnmsou%u 3d - D~TI~I.JVI~I?~~~~~II 
s w d 

2 DYflSUiMSU%%UTl 2 (Second transition series) ~~:~~OU&XJU~~RII~I~O~~ 

44 d ds w 

Y 1.1 Ag ~.~B &RBU M~BI~B~U~JB~~~(~~~~UIU 4d - DDOYV~~!~ROU 

3. eyn5uimru~~u~ 3 (Third transition series) ds:no~~auuss~iiiiqaln 
4s d ds w 

La z.1 AU ~ ~ B : ~ ~ % J M T D I ~ ~ ~ P ~ % J ~ ~ ~ ~ ~ ~ ~ P ~ I u 5d - oosuwa~i~su 

4. eynsuiiauvn"l6 (Lanthanide series) dr:nou~~auuss~i6i~R.1i~d Ce 8.1 
ds w 

cu .ad.18msusrqtiinnsoulu 4f- oosuwn 

5. 8yn3~ii@fln'"16 (Actinide series) d5:nBU~~~~ISM1614~9Licdi Th 08.1 Lr 

ds w 

~.riirnsusrg5~inmsoulu sf- oosuwa 

aiqimsuGGuiinaiuiimnd~~oin~iqnju siln: p wedr:lnol id~~n6tgiin: 

iGulAGa l8iif; 

I. iia~~inuoonGi~GuIAwaiuii unihd IIIB i n IIB .ad.~iwnmr 
4 w 4 

ds:neudiiinveonGiaGu +3 iia:: +2 ~11uiiiYu i~iq~w5u%~uau q niuisniia~.1inv 

o~nGimGu + 2 iau5ui$uoeii~G~u 

2. airds&neuwmu~ai~ua~swisiibuniu~n (Paramagnetic) AO ~nA.1caoI1.1 

iau 7 n"auidiwdnluuprzda1sds:nouvo.1~iqn~u s iin: p ifioui.1~u~v1~aufi~ 
14s d 

ds:nis<iwsi:luueinnmsaui$ua uenoin&i~5as:ui.1h&dilw"duudiw$nl~ idu 

iw8n Fnuna6 

3. si~ds:nauaiauSwaj (unr?uwxj IIIB) id 

4. ~tiU31$~$0~i?~fll~b%.1~@'ld ( Cornplex ~48 Coordination compound) Yn" 

41un~i~iqisw7t~ui~~d 



~ntusn"ie~'lu~due~nisb~~4epd 

wv'lupl MnO, mnMdqfl 
9, 2 - 

?dib~~H~18bba~bfl~~~~~b~flbw'l~~ biu Mno, (Mangnnate ion) 

i8upi?oenGlnar";ils.ruin ~iu M~O, (Permangnnote ion) 



CU' !~~8ubd~~3'lUd138~~1~ TJ:b%l Disproportionation 



71lu~uul$u%irl$un~~ V B "u8dRlnd%lq d2ulnnliin$uus' Carnotite 

(K,o. 2~0, . V,O, . ~H,o) ~ii~~digulmdddi~~"uad%i~~isi~uu~au aiiuduumuisn 
a A 

rauhlATnumrdriurnsaup1qfi~~qGqd lniu iiuaanBlnu lulmriou ~iiuau i$u$u 

iYdiinns1uiiwukh.riiid.i;" 

VF, VCI, VX, VN VC VHx VCI, Vanadates V20, vo2+(aq) 
+ 

(X = Br, I) VCI, 

F2 

Zauiwq$~unislmTuuTaw:d~adnqd~u steel bomb 1~un1'3~121l~lfl~~ (+5) 00nY46 
4s dpl 

(V205) uisna4naua1~~liiUU lla:filWh~I$Ul~n 7 (Steel chipping) adAau 31~l;~l.J 
1 P, 
4s =3 

winn"uuo:~8ulaw:wnun"ui~in rlfjii3uiliindufidC: 

3V20, + lOAl I 6V - 5A1,0, 
(As an alloy  with Fe) 

"TR~$u~ 

oondlflar" 
V V V V v 

H2 

v V V V V 

C 
'32 HCl (g) X2 

SaOH 
N2 0, 



I. mada~nouue~ailui~u~~~~nuoon~i(;1~u +5 

mrds:neuddi~~lkbriaiiuiZuu (+5) een!%nd(vanadiurn(v) oxide; V20,) 

IIEI:~A~O?~LULRPI (Vanadate) $U 1  id̂ NaVO, , NH4V0, , Na3V04 iia: NH4V,04 
wsdd v,o, idunnnl.adriluuesiiBs~#u dqolnuunnlduGsnrmbba:bun 

~n?uu!Aoindi??uinirbwi~ieululduuluwz~iiumn dfj?iuiiiimfuknunis 

2 NH,VO, heat) V,O, + 2 NH, + H,O 

heat 
4V+502 - 2V20, 

'9 plb + 
~um~azmuAiunniri V,O, o:~zaie!n9n looou~woiainliin (Pervanadyl ion ; vo2 ) 

niBJdiii?ui 

le~euiweiaiiufilIunira:siuii9unrn~1iunnisii~ua~Gudo:iiinwe~i~ei (Polymer) 



nisd5znouroaaiiuiZuudSiaroonGim4u +5 Snu%i%GaoonGlmd oz 

B~~a.âlirnrdr:no~diinroonGim~u6isai9uriid~a 7 ii&auPinaiuurareaKa:Ba4 
w 4 9 ddt d%$ pl?3~la~~ncluu"ldau idu SO, ,  el', sn2+, c,o:-. I ez?~a~aliui~uu (+5) 

w cls dd 
IN"i9uaiiutZuu (+4) t?i?hiaiiuduu (+s) hunarmaaniiraiu iiu H, , co oz1X 

a1iui;uu (+3) 

2. and~~nouussa~iui~a~~~1auoon~1(;1~u +4 

msdsznsuddi6q~~iidaiiui~uu (+4) oanla6 (Vanadium (IV) oxide ; 

VO,) iinzinBoaiiuBnGnidpl (Vanadyl  sulfate : VOSO, ) iitl:aliun'nt?no"lln" (Vanadyl 

chloride ; VOCl,) 

-4 clw d d r 

VO, 19~ Amphoteric  oxide ~4~nnl0lzi~~~04ii~u9~~lfi~bbd ~R?BU!F? 

oindfj6?uii~n4uroa v,o, $3~ so, iinzmmsnoonGlmdn~~~i$u v,o, IiZnTmu 

iwi~ueimn VO, 1!1d~8?uihdimnoui~aa (Fused  alkali) ~zlA1ooo~nuPiia q idu 
IY 

vat-, vo:-  ill ~i~N"~id~~?ui6unsm~z~&aisilz~1~~~1~u~oa vo2+ aisdsznau 

iaIn6r"uaaiiuiZuu (+4) lkifi VF, vcl, VBr, (Iliiaiius, iinYu VI, Ilidsingiianaii 

Ihiaiiu5odisuin 

999 4 w 

VOSO, ~lln~~ipl~~u~&Ql~d~n~~13~n~~8~l~d~~ (Mild reduction) 918s 

iiouTuiQuutunzaiiuimpl ~nunzrnulunmGn7a?nifoois~i SO, sddau d~~l?u~iiind 



v + 2 C1, + VCl, 

VCI, iol"eazaiu~ioz!Aai~u~amao!si Gmumr 

VCI, + H20 - VOCl, + 2 HCI 
3. aianla~noubuosa~i~di~u~dd~~buoon~i(;~+~d +3 

msdr:noudlSi~~!&~daibuiZe,u (+3) oon!.ai (Vanadium (111) oxide ; 

V,O,) ib~ %~~~i$~~di$~~ Ua~~~b Ua3~9 ~~~uu!~~~umswiu~in"n!~~~siou~d~]ua~iu~~uu 

(+5) tl~fl!%&iiWl1~f8~ &3i9~1ufl15 

4 4 
mtiaslo9aiiulou (+3) i$hhZ;anu.r no aiiu~Zuu (+3) Gai1IYIa 

(Vanadium (111) sulfate ; V,(SO,), ) l~~Ddi9TlUl~~i~~~~1~bb~i~~Da(89i~9d5Eb M Alum 

A6 : !A TnuIGiidfjS3ui~u K,SO, Iu~iuior~nu~n~u ~i~aS~nnw~nSumrazaiu~uui 

~buExiiazaiu Alum i!{~~asdu K.V.( SO,), . 12H20 

rnsdsznouaiiuliiuu ( 3  muirn~d~uutbumsdszfl~p~aiiub~uu (+4) 

!$Suoim~ i9iu v,o, iBoiidijS?ui~i 7 riueenGiuuozYA vo, i~aznYietjlumsnzmu 
I Y 
44 0 

~uuiibu~aiiazaiu~~oou Hydrated V" ~ ~ O ~ 8 ~ ~ ~! ~ ~ ~ ~ ~ ~l ~l R ~ ~i b ~! 8 8 8 ~ vo2+ 

4. aiaela~n~ubuasaia0di~~~~~~i~buoon%i5;1~0d +2 

msdrznau~in6~~$~idai~ui~uu(+2) n~nl.ai (vanadium (11) oxide ; VO) 
d 4 0  WS d 

ibu~189ibv9~~1 ~~~uualduiu~fl88fl~ 1Ud8azaiu1uns~oz~~!888u [v(Io)]~ $9 
66 1 

ui9Tu29lld (Lavender color) nirnaaiudijYBnnu Hydrated V" ~?8?8aou V" 9-du 
ploli 

I tlazdid~~?ui~uPj'i~wbinfl hs~sivulff &~un15 



3.1 m3lrn~uN~3a~alul~~w5allpd1~;1(;1 (vol) (Stock solution) 

1. $d~wbinnl'duumdeiiiudnibum 3.1 - 3.2 g ldluininokuin 2 dm3 i?u 
9 I 

3, Yd 
piin~udrzuim 1 dm

3 
6uaisazaiu0~1~~~ idms~a~nluud~mn~~~ed n~e-1~1~azniu 

eiiunsaonsoslmsins=mip1nsed ii;~laisaza1uluoam8"~1bLazbi;~lu~~m 
93,d 

2. niflaia~i"uu"uu~~~pdueu~mun1~~~1b~1~nn"~lai~azaiu 0.05 M lvi~uu88n- 

%IbtNl (Sodium oxalate ; Na2C204) ~nu~vi~uu88nvimw68d8~1~~m~~~ 105 - llo'c 

d5zuim 2 iialusrieu 



ds s 
1. ksws4m"pn 5 g idluvan~d~~d uuin 100 cm

3 
ii7umra:mumer~larn 

Pli38!96 (Mercuric  chloride ; HgCI,) 0.1 M %U 1 M fl9~!8i1fl5FI~~?fld 50 cm 
3 

4s s d s  
P, I 

nii~ui q 3 -5 ui; o:iiini.n~waq.m sumra::mueon iiXaaYishud~niYu 3 nfd 7 a:: 

~JZBJI~M 30 crn3 

2. L~~BJ~IJ~:~Iu~I~u~~o%J~I~ stock solution iin::nrnGaqa?nw"ui 

(~~onr9l.J 1.2.1) 



Aiu~oamia.usen~~n$~"~~~ni~a~aiuaib~di~uu (n) oin91u?ubai$u<u.u~9 

3iiuiRuu (+5) bi~:~Iu?uh~~D9~wib~flb~~~bdD~bi~9nlb~~~~~~d 

oinaiunir (5) 

Mol of M~O; 5 - n 
- - - 

Mol  of vS+ 5 



Standard Reduction Potential ( EO ) 



dfjiiitnmd aiumradiuuaadndwidbnd"u~dnn1s d.ra:~i~w"nrnsiua~l~uuI~l 
I v 
,d Q 4 

oinan"u nisIp.puwanmuudun41 wndiii?ui daunisa5uGun4i~aiid~ii?e11 din% 

nunisand Weidia;uunwudiii?uiani ~ma~uurnrd~iudi?vii~~ii~uiIa"wi~~iu~~ Ian: 

rnrdliluwndiiiiuiIa"nid"uaii~ d~;i~uiindrnuirnaanid!~~~u 2 ds:mn WP, 

1. dfj~?~luP,u?mP,n.a' (Non redox reaction) $8 ~ ~ ~ ? UI ~ R ~ ~ O ~ R P, U ~ ~ ~ ~I ~ 

?~dnisad~uuaadn~aav~anGam$u aiu 

+2-2 +1-1 +2 -1 +1 -2 

Bas + 2 HCl BaCl, + H2S 

2. dfjiiiui?menC (Redox reaction) $8 ~ ~ ~ ? u I ~ ~ ~ $ B : w D u " u ~ ~ ~ ~ ~ ~ ~ ~ 

ad~ou~adasaauaanGami7u aiu 



IQ"UBB~%~(;\;M (Oxidation number) 

iavoonGamgu nuiun"d ~iuauaabu~pisnia:wi~Y~divo~nisd~oiodu 

ozaou Yaoou wPelumaaiill 

n5nniswiiibavo~nGam<u 

I. ~~q~aaia~~ns:~~ibavoon~bm~ubw'in"u$u$ 
Y 

2. H ~ Y ~ ~ ~ l d ~ ~ f l f i M 9 ~ ~ ~ d ~ l b ~ ~ ~ ~ ~ ~ b ~ ~ ~ ~ ~ d ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ d ~ ~ l U % ~  

msds:neundd 7 ~iilviiriup$ 

3. ~uni%ds:n8u~flbabaui (Covalent compound) 

H ~:diimvoon$imGu +I ilnl~ulamd~~~~a~:~~umsds:neuds:mn 

61qi i~lba"~~8flGhmg~ -1 I?iu NaH CaH, 

4. o lm~nL?ld~amo~%uari~ds:no~~iii~avoonG~m~u -2 unl~umsds~no~ 

wanbdoioon~.ariiiilba"~oon~bm~u -1 tniu H,02, Na202 

5. F , Cl , Br , 1 I~~I~~~UIE~WEL~URIS~S:~~'LI~S:L~~~WBI~~ 961 

ia6uoonG~mgu~viin"'~1 -1 

6. N, P iaai~n"~~~nw:~~un~sds:no~~ds:bn~~i~~~~i~auoon~bm~u 

bPi1n"u -3 

7. s ~aaiulw:unisds~neuds:m~~i~~i6i~auoenGm~u -2 





9 w 

asn~reen4n~~vea~i~aw~od~rod 

OXIDATION  STATE OF TRANSITION  ELEMENT 

Fna 

la. qla33tu umaz?md q CJ 







saai3aod 

Uw di 

nrnEuudiltozdi~$iaai1;'9wuR 9 mu i~unnua:ldum!~m.ru 

moui 1.1 bin: 1.2 do4 aiy~nsuQGu 1ia:wZmwavosnis4Sa4aibubiuu 
9 s d w w  

(+5) mauusnouanu ......................................... 3 ninr 

moud 1.3 wZmwaro~nis7Sa4aibubiuu(+~) Aauluiiuu - 

f'l .............................................................. 3 niu 

m@u$ 1.4 W~R WEIV~~"IS~(~?~~I~U~~U %I (+5) ~'J~?U?B~EIEIU (+2) 
w 

uaida ............................................................. 3 ninr 



I. i7elai?IusiqiiwruQGu 
4s d da w 

n. a~~de:neundeloenuuabannrnulu d ndn f ooru~ia'lriii;u 
4s d ds w d 

u. ~~~~o:neundeleonuueian(alrnulu d n?a r eeruIiaiau 
4s d ds w 

n. ~~~dn:nnun'icllnenuueban(alrnulu s n'in p nesuriaiiu 
4s d ds w 

4. aiqdn:nnuw'ielnnnuueian(alznulu s n'in p eesunnbiiiu 
4s d ds w 

a. siqdo:nnuntnlneeu~ndueban(alrnuid~u d f s iia: p eerur~aiiu 

3. 5ibmrn:aiuue.r VO,+ ~nlduuoinii~~a'o~dui~ua 41 im:1ud~ai5u~lia~ 
49 dll 

~do~nraa.aaau~.mb~an"u 
44 d 4 s d  

n. ~nraa.a~?da:wudeiannreu 

r. nnf n~a4nf~a:ne.rtiinnreu 
as dsd 01 49 

n. Qnzaa.aaiannrnudilr81~uiiia:n5"d iibaii'un'nailio~uiso.u~.rmr~a.a" 

d. w~nwai~&ainnir?~aG%sd vOl' v!id@%ui?h~.~ 

o. wâ nwailt;sinmri~a4und V O~ ii~J$iiiuiiYueimn 



4. iUd~ri~1x~1~v~~n1xn~n1~~1nernv~~~1x3~a4a1iu~~u (+5) gauS9i~ii'ariU ilnnqii 

lAai~ua~~uaa"u8flSi~Gu~sii"bx 

fl. + 5 

6U. + 4 

R. + 3 

9. + 2 

0. + 1 

as dpl 
5. ~a~ix$iiua~~~idi~av~~n~~n~uv~~a~sa:a~ua~~u~~uu~lA~~n~~xx~a~~au 

Ss6oGafiu ~axdu&~%n 

fl. + 5 

6U. +4 

fl. + 3 

9. + 2 

0. + 1 

6. ~d~~a~a" vo,' n"?uSd6~~a;ud~nxn$aq3?fl~dgaer d~5?~1~5~&0(iidlx 

fl. 2 VO,' + Zn + 8 H+ 3 2 v3+ + 4 H,O + ~n" 

"U 2 VO,+ + 3 Zn + 8 H+ 3 2 v2- + 4 H20 + 3 zn2' 

fl. 2~0,' + Zn + 8 ~' 3 2v4' + 4H20 + zn2+ 

9. VO,' + Zn + 4 H+ 3 v5+ + 2 H,O + zn2+ 

8. VO,+ + Zn 3 VO + 0, + znZ+ 

n. so, a:niu&l~i-~vil$MYms~~magmyn'~i~isu 

v. so, iidijn"?o~n"Praiiui~auu 

n. SO, KMnO, ~~diuui~ndid~n"~uin"pIaiiui~uuu~~ 

9. so, rnuiroiidijAiuiliudi.iriu~uYn" 
Y 

8. SO, ~ld~~?~l~pI~l 



9. wan1~~i1u~~~i~1~a~~~nG~ m~u"~~~1~a~a1uai~u~Zuu~l~~1nni~~~a4~au 

%wbZuuGaldG na~duBu*t~%~ 

n. + 5 

"U. +4 

n. + 3 

9. + 2 

0. + 1 

lo. dfjii?uirnr'fRa4ai~ub~u~~ (+s) h~T~lZ~~GaldGi;6bv"01~ 
- 

n. 2 VO,+ + H,SO, - 2 vo2+ + + H,O 

"U 4V2++02+4Hi = 4 v3' + 2 H20 
- 

W. Fe2+ + YO,+ + 2 H+ - F:+ + vo2+ + H20 

9. 2 vO,' + 12 H++ 3 Zn = 2 v2+ + 6 H20 + 3 zn2+ 
- 

9. v0,++H2SO, - v3' + SO, + H20 







"~B~d'll~i (Erlenmeyer flask) 

31dfl6 (Pipette) 

fhi~G96 (Burette) 

iaiu%$flaiufau (Hot plate) 

fl3'2Ufl389 (Funnel) 

'fiIfl8; (Beaker) 

~918:~ DGWlD; (Thermometer) 

$Ilk3WfDU~H<U (Stand with clamp) 



nsaun5ssqt$t$lnla, (Suction) 

~laullrlQulrilrn-aiiu~m(al (Ammonium metavanadate ; NH,VO,) 

l?ll~~~!EI@15~3fl!%ti (Sodium hydroxide ; NaOH) 

nsa%wga% (Sulfuric acid ; H,SO,) 

Twimnl$uuldofiiudniiuw (Potassium permanganate ; KMnO,) 

T%L~uB~~~B~%ILw(~~ (Sodium oxalate ; Na2C204) 

~92~6 (Zinc dust) 

ds 
i~8~~135n~a8l~A(~ercuric chloride : HgCI,) 

n~mlEI%fl~fli38?n (Hydrochloric acid ; HCI) 

ai~cda",l~a~~ui~~u (+5) M%I VO,' Qln Stock solution 

2. ide~idn6ai5raaiuaiiuiGuu (+5) oin stock solution 1ti1uu2m~d4iuvjdi; 



4. wi%olfl$l Aeration ~?8EUfI.dl Air oxidation ~~&1~1~81n18(~9~9~~pd 



Qlflfll5"ji! (Titration) WPI~I 



qbdPl6 

Gaiswi 

"Uam$d?IuVj 

isiu%X~aiufou 

~lidwfsulwiiu 

aisa: wiuaiauai?uu (+5) W ~ D VO,' oin Stock solution 

lqaZuu%a!d6 

msa:aiulnnr~iulw~~wa~~u~~~d~~iiu~niau~ 

I. iudo~n'ul.a~tiuu%a1d6a~luaisa:aiuaibub~uu (+5) oin stock solution 

$tinsm%afla?nodn"auaisa:aiuQ:bd"auub$u~~ifiu 

2. ~ l ~ % ~ % ~ ~ b ~ ~ ~ % ~ ~ d 6 b ~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ ~ ~ l b ~ b ~ ~ ~ b ~ " U ~ ~ ~ $ b ~ d i i ~ b ~ l ~ ~  +4 
9s d 

81;7%?1clrs~oGaCu~3uKaTSaG~:l~ai~u~~uu~avoon$~~~u~W'iCu +2 

~ l ~ ~ # % ~ ~ b ~ ~ ~ % ~ ! d 6 ~ ~ ~ l ~ 1 ~ ~ ? ~ ~ ~ ~ l b ~ b ~ ~ ~ % ~ ~ b ~ " U ~ ~ ~ ~ b ~ d i i ~ b q / i l ~ ~  

nls%~~~6s~an"ubwsl:~~~b~u8]%a~d6b~u~a?~a~ibb5dod"sun~i Zn(Hg) w"aismioinii 

R'n~dRiT6ndiiuw~ls~ipd (E') &if 



[ vo2+1 - - .................... M 

d?uimsd%41uniswnaas = .................... cm- 





Gabsni' 

Jidni 

UI~~ WF~~~ W G U 

uan~d.lrui 

fll$Cl:i31~31b~b~~~ (+5) 81fl Stock solution 

fll~a~ ~ l ~ ~ l ~ ~ ~ l ~ ~ ~ b b ~ / 1 f l b ~ ~ ~ b d ~ ~ b b ~ d f l l b ~ ~  

~taubiiiuudaiaanl%ln;abdm ; (NH,),S,O, 

n.jnGa%?n 

lafaau (+2) ;a~vln 








