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( Physical and Chemical Properties Changes ) 

1. Hfi6fiWfiflBY ( Test tube ) 6. h U 6 7 f l 1 3  ( Spatula ) 

2. I l~Df iHUf i f l l3 f lX l lU  ( Dropper )' 7. 6 ~ 0 i h l f i l f l ~ ;  ( Thermometer ) 

3. llnl466hB1Ufli3 ( Stirring rod ) 8. 66dWfl~66n9n3fi( Wire gauze ) 
I Y 

4. R L ~ u ~ ¶ , / u ~ ~ u  ( Bunsm burner ) 9. f l 6 4 l l 0 l j l ~  ( Stand and base ) 

5. !nm8i ( Beaker ) 

air mir?hflummnaer 

fll3flZAlU 

1. 0.1 M Ammonium chloride ( NH,Cl) 

2. 0.1 M Sodium hydroxide ( NaOH ) 

3. Ethyl alcohol ( C2H,0H ) 

1. Copper nitrate [ Cu(N03), 9 H20 1 

CM 117 (L) 



I. Iru%nianiuniw ( ~iiysical properties ) d u q ~ l n u ~ ~ i n w ~ r u ~ ~ n i ~ ~ n ' ~ i n m ~ &  

TmuWdio~l4hJin"iu,inG 1Eiliri 4 pmi3om naiunuiud,~ qarnu~3mrii8lliiifua4oqn'u 

uanuosml K~ifiurn~au'mi~u~n'u~zG41uauf]?u~aruin~Qood"outiouGq~~1u4J"3di~dou 

riu idu & ( i u ~ ~  loo au..aa. wio  1000 au..au. azGpmifioh ;OO'C dltu;6oodlu 
% u w  a* nniaziluaiiu i inrrarrC/kin~l&~o~n~~isJ~uuiida~~~~niuniwin"m~uum~u 

, a  A' 
I .I lolGn7~1wuinmuu 

1.2 n i~ id~u~l~f ]a~~1u1~nni i3~i f iunn1w~~ul& 

1.3 ii;nfiriouimzw~qni5in1iuuiin~aqnqd 

1.4 ii!o(;mdfi~u~ 1 r i ~ n 1 ~ ~ ~ u m n ~ ~ u f o u i i a z ~ i a " ~ m ~ ~ u ~ ~ n i 7 a o g : m ~ u ~ ~ ~ a i ~  

2. aulniaaii  ( Chemical properties ) i f i ~ ~ a r n u ~ ~ u o ~ n i ~ i i ~ ~ ~ ~ u i i n ~ ~ u ~ n  
* A  

nirndq ~iazn~~didf in"^iui~uin~an'uaiaud~zn~u~o~~i~ ibu 81daTm.~iaulndlvllu 

fiiaoonQiau w i o a ~ q T a i ~ u a n i u 7 ~ n i i d ~ ~ ~ u i 1 u i ~ ~ ~ n ' ~ ~ ~  iinuar:d~qmmI6ili!oGn15 
d 9  gr u w  2 

idiuuidami~inainm~uum~u 
Be A' 

2.1 Gni~l~u~nmuu , 

2.2 n~sid~uu~Jn~~u'niu~~nnn'ui l i f iu~n~wi~ul& 

2.3 ~1wljndou~mrwii~dn15id~uuiida~ 

2.4 idoi8mJ~ftuimG a z ~ n l r c i i u m n ~ 7 u f ~ u i i a z ~ i d n ~ 5 ~ u 1 z w i i s  
J' aiq  k h n i r d ~ u u i i d a ~ n i ~ i n ~ o i ~ i n " m ~ ~ w f ~ u n ' ~ n i ~ i d " a u u i i d a ~ ~ i ~ n ~ u n i w ~ ~  A idnv 

i d ~ u u i i d n ~ n ~ ~ n i u n i w ~ o l n i u 1 ~ n ~ n i ~ i d ~ u u 1 i ~ a ~ ~ 7 ~ i n d ~ a u ~ a u  

a d :  n i ~ w ~ p a w n o u i w n a d ~ w i u ~ o ~ i i ~ ~  ij~~:~uaulun~~m~aani5s"uw5uuudiu?~nf 

imui~umr~r7~~ua~3~ni5dn~.ir'uwio~~ qolnMaii n'o golwrJiiC/uo~ii8ciiar 

un~imaaoiao~iaun'uTmu~~uqa 61gowr~Gg.m.ii uoqmna ' i i d 6 1 ~ ~ w r ~ ~ 6 - 1  
niiifasifluuoaiiiq ~~n~~&iflu~~~~u?~nfpmnaou~wnaozGdinqC/ imrda.ruoinls 

wnoumn2tfuu1n ( ?rii~?u i Oc ) ii1wiuuo~~i8~dlriu5~~~~mwaouinaa$u~ziini1pa 
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CM 1 17 (L) 

a mmcm 1.1 q~niaa~~aaue~a~nl~znau 

', 

Compound 

Sodium sulfate 

Zinc nitrate 

Calcium nitrate 

Sodium thiosulfate 

Iron (111) nitrate 

Nickel nitrate 

Cadmium nitrate 

Potassium aluminum alum 

Ammonium alum 

Magnesium nitrate 

Thymol 

p - Dichlorobenzene 

p - Nitrophenetole 

Acetyl m - toluidine 

Diphenyl 

Acetyl - o - phenetine 

Naphthalene 

Acetarnide 

Acetoacetanilide 

m- dinitrobenzene 

o - nitroacetanilide 

2 . 4  - dinitroanisole 

Methyl - p - nitro benzoate 

Formula 

Na,SO, . 10 H,O 

Zn(NO,), .6 H,O . 
4 

Ca(NO,), . 4  H,O 

Na,S,O, . 5  H20 

Fe(NO,), . 9  H,O 

Ni(NO,), .6  H,O 

Cd(NO,), . 4  H,O 

&SO4. Al,(SO,), .24 &O 

(NHJ2S04 . AI,(SO,), .24 &o 
Mg(NO,), .a H,o 

C ~ o H ~ 4 0  

C6H4C12 

CnH9N0~ 

lNO 

(C,H5)2 

CICP,JNOZ 

C~8, 
0 N H 3  

c1811~0, 
.. ' 

C6H4N~0, 

CJfnNzO, 

c7H6N205 

C,H,N04 

Melting Polnt ( 'C ) 

32 

36 

43 

48 

50 

57 

59 

92 

94 , 

95 

51-52 

53 

60 

65 

69-70 

79 

80 

8 1 

85 

90 

92 

95 

96 



1. U . ~ H P O R ~ R ~ O U U ~  2 nnm nno~iiannu~nianzni~ NH~CI nai~ihdu I 

0.1 M (luau 2 d  ~ I R ~ H L I O R ~  2 ~ U l f l 1 3 R L t l l U  NaOH n a i ~ ~ d ~ d u  0.1 M ~ 
Qiuau 2 m~ 

I 
I 

v 
2. mniaazai~oinnno~f! 1 APIUWROR~! 2 nulnYlauin~uU.ald~ water 

bath km~~~uo~ni~ idduui idnai~n~sJ'uw*r~~n I 



2. nl3Hl%flHPB)'UL011aVB)9@13 Acetami 

I 

2. QiwaomniOnaf ( Capillary ) ~ i n i h w ~ i i ~ i  1 wnom f i~ i~~dioani~mpmwnou 
1 

iwaa~ium~~nzdunnauun5z~nui~ni'bmu~~ spatula i in i1~mz~ i~awa~mni~nn i?  

urrprnro~~r~ui~u~n'unrzid~izv~a~no5"'bu~m uA'Idna5mfiu I ru .  uazlX 



s, a d s  A' ....................................................................... dgosuimawtnnuu . I 

cr d 9 A ' d l  .................................................. ....... ................... fll~llWLflRUUB\Q .. .. 

d  ............................ ................... ni~rdnuuirdnswi~niuniw~e, ..... 
d  ad ' ..................................................................... nistdauurrdnswi~rnoJn8 

1.2 dfi%uinisbnnrnau a , 
,,4 a d 4 A '  - 

Jgn~uimvwmnuu ............................................................................. 
d 9  A'r .......................................... ..................... pII:noUWLnnuUflo .........,.... 

d  dl ...... .......................... ................... n i s r d n u ~ r ~ d n ~ w i ~ n ~ u n i w ~ ~ ~  .. .. 
d  =fa I ............................................................... nisrdnuurrdaswi~rp1u~\o 

1 
I 

dfiRuinisr"nclntu 
s, a d s  A' dgnsuimuwinnuu ................................................................. :. ......... 

td s A' arislwo~wmmuu ..,,..,,.....,...............w... 
d ...... ~ I ~ ~ A U U A ~ ~ ~ I ~ ~ I U ~ I W # D  ................ 

nisrddnuurrdn~wi.rrp15#~ . ............... 
I 
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( Gravi is ) 

1. iifllna;(Beaker) 7.. ll~Ufl~LLfl34fl3fl( Wire gauze ) 
A' 

2. '1110Jfl3ZLY 89  ( Evaporating dish ) 8. 41XIVl (Tripod) 

3, fl3ZUOflfl39 (Graduated cylinder) 9. WtWWl WflflDU ( Test tube ) 

4. L L ~ ~ I ~ ? ~ P I U P I I ~  ( Stirrhg rod ) 10. WtlOflWUfltY13 (Dropper) 

5 .  ~ Z l 8 ~ 9 p m U  ( Bunsen burner ) 11.  tl33Ufl389 ( Glass h e 1  ) 

6. fl5ZflIPlfl389 ( Filter paper ) 

pianil~flun~mmaaJ 

nirnzaiu 
1. Hexane ( C,H,, ) 

2. Silver nitrate ( AgNO, ) 

CM 117 (L) 



d ee 
oon!kgu 2 iiuun'o nlricnrlsiqiclolnlw ( Qualitative analysis ) i ~ u f l l ~ ? m ' l l s ~ i ~ U ~ 4  

i~uifiiiuaun?od?uiiclol~~i~n~ia q uoqoa~drsnouuosni riaumrimnztfdill3uiiclol 
d a 4  d 

( Quantitative analysis ) i ~ ~ f l l r ? ~ r l ~ i ~ ~ % ~ i n u a ~ u n l ~ ~ l ~ l ~ a u ~ ? 0 d ~ u l ~ ~ 0 9 6 1 ~ ~ ~ 0  

nisdsznoulu~is6a~rii~lIoriiaiiduou 
dd s 

mrdrsnou ( Compound) iio airuicInsninmainmrrau~awiqinivoqai5kqiiiaoq 
d au'nvuld 1mufibridauua~~iwGnn~diiasa(iuiro~"uuurdugo1~tojiaQa~i~inlI lbu 

d A '  
( SiO, ) Iias stearic acid ( C,,H,O, ) uaawauazdrrnouIauvo~i~u~w"a 3 ahna9ii~iaz ~ 
au'nuriqiclolnuGGdiqn'uld kuarlrun stearic acid oonuiainnsiuirazmfiu stearic 

I 

I 

acid alu13aarnlu%u organic solvent ( Hexane ) Biauw51uira~~nt0a~~oia1o~i~~asaiu 

II oin~uriinislanmiiooonuinwriutnuliiuiazaiudi miiouznzmu~~oonui daud 
I 

11 11 'mnononriu ( Inner material ) idoriin1r~~unuo~wauoon~1nn"u~umi~da%1~4~1~aod'~u1 



Stearic acid - VlI1t.I - LnDb 8 

-4 aaniswnaas 
I 

1. % f l l 5 l ~ f l  stearic acid QbnQlnW3l 

1 Y  2 
2. viirns~a~inrinaien~ti'U~9 (Evapoi-ating dish) ui 1 1~ 
3. iunir~aodiaoinihnu'idui 1 nRoR ( Stearic acid nsiuiin~mBo ) viimskarnr 

uoanisiai?odiaik?P; ( dnlhflnmoi + mrhodia ) 
Y  

4, iinisn~rnisnzniunls Stearic acid oln~aodia ~ a u ~ i s n z n i u  hexane n?a!isn 

14 hexane 4iuau 20 mL I R U ~ ~ ~ ~ ~ Z U D ~ B ~ ~ Q ~ M ~ ~ ~ ~ L ~ I U  hexane nab4dflifl~; 
Y Y  

nfou~anunis~aodia1ps"~a kn'al%ol~nmznouuou~wdnino~ ciou 9 i u  

CM 147 (L) 



5.  gmm~nnnoqhmiou~a 3 d5ru1i 2 - 3 n!q 'Smumliarnhlfll hexane nfmr 
.4 

10 mL LWbn%nlUt'f15 stearic acid OOflQUHUFl I 

I 

6. n ~ o u ~ i l  stearic acid ~ ~ ~ R ~ # I P ~ u R ~ o u H ~ ~ ~ ~  bunucln15nrn1u hexane I 

urn6  4 (luau 2 wum R P U U ~ ~ L O ~ U I ~ J ~ I  &llldnlrn:mu hexane 5rwuwUn 1 
I 

61bq;mhiiv1aaduunrronu1Gn1 r r n m ~ i ~ r n ~  stearic acid b ~ ~ ~ ~ 1 ~ 0 0 n u l n ~ l ~  I 

ci?od~dinan I H Y ~ X ~ ! ~ J ~ I & G ~  4 bdauni~?d! stearic acid rn8oplnX1qod ; 
d 

7. nfialn stearic acid ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~ l f l ~ ~ l ~ ~ ~ n ~ l f l n " ~ ~ ~ ~  GI rtearic acid ~ l ~ d l ~  
f 

W U ~ ~ ~ ~ V ~ ~ ! ~ ~ Z ~ H U ~ O I ~ I ~ ~ ~ ~ I U  hexane O O f l ~ f l U k l U U  water bath 'hldd 2.2 
A d 

8. f ~ ~ m ~ m r w o C i ~  steak acid ~ l f f l d $ q n ~ & n ~ u o a  stearic acid n n h o o n u ~  

n 

wun 61W!mrnou/uv1almi1Yu'ij ci ~d I 

I 

54 i 

C M 1 1 7 ( L )  
I 



3. ~6dQlnuunt715 Stearic acid OonWUR n!dii5n1$iin$u 20'mL ndlu!ninoj 
9 4  

Y Y Y  

i ~ o ~ z i i s n i o ~ m ~ o o o n ~ i n ~ ~ i u ~ f o ~ ~ ' ~ n u l w i n a o n z n ~ ~ l u u " i  ki.rllldmnnznou 
v 

Y  Y o  a. v i ih lub  3 ~IZUIN 2 - 3 6.1 1fiuidnzn!dlwk;inkuni'dnz l o  m~ ido 
Y 

nzaiuinn'oaunrzAI~GinXomn8;i~d~ ~in~uviirn~nfinouii~inn"oazniueon 

woJmwisIu'lnu41nis~mt7oumi~Go 2 
d L  s. u'idnmotiddiuuifi 600 mL wrsu"inu'nlfl8uufou n"in15nse-anisnzniuilki 

dd ' 
1mul$n'nraunrocnd1u!nino5w~-au'i~ld'n~~iid~~d~dd 2.3 

6. ~idnmo~di;nanzniuinn"o~d~oJuu hot plate sun5z;d&1udnmohziwuoon 
a a wum~rioul1%8u ~ i ~ h r n j i w ~ m o o n i i u n o o n s i n ~ ~ i u  

7. dnmoiCluunmiiooonii~a~ziwiioii6nsiuiiu diu'nmo~~iinriuo~ldviil~ 

IIXI~U~JIM~~UU hot plate ~~wl jnC/ lk i~~ i~udnGnuodw~~u s i n h ~ i l d  



5. $ ~ n i i n u s s a a  ( 4 - 1 ) 
Y 

6 .  dH~uo4'1IlOJfl3~l~o4Lda'l + stearic acid 
v 

7. 6inod'nuas stearic acid ( 6 - 3 ) 

8. a f l n ~ n u o t d f l m o i l d ~ l 6 0 0  mL + lniio " 

lo. & w ~ u o t l i n m a i  250 mL + nsio 
v 

I 1. J~nod'nueswa~er ( 10 - 1 ) 
d 

12 .3?ud IH~n  stearic acid + m% + V3lu~uun!t$ 

( 7 + 9 + 1 1 )  

14. ldoilQ~6~!#~1nn15wmao4 ( 4 0  12 HI'I 6 5 x 100) 

15. ld86$~6904 ' stearic acid ( 48 7 HI3 48 5 X 100 ) 

16. d06~~6uo4rnf fo  ( &I 9 h15 46 5 x loo ) 



1. luni5nmnoPii;wsiziHfl~mi9#09iLun stcaric acid ~Bndir&Jiim 

................................................................................................................ 

3.2 M s l ~ l ~ ~ l 5 f i ~ ~ l ~  ethanol 

CM 117 (L) 



( Determination of the Maghesium Oxide Formula ) 

1 

' d d  

I .  nl$i5nimzdi ( Crucible and cover ) 5. fl~fl~fl531fh ( Crucible tongs ) 

2. mziAucyu~onr ( Bunsen bumer ) 6: d n n o j  ( Beaker ) 

3. T/~aimz31u ( stand and base ) 7. n ' a 4 3 9 i ~ ~ 3 ~  (Ring clamp ) 
d Y 

4. namniuinnuu ( Triangle wire ) 8. fl5gP18fl& $1 ( Wash bottle ) 

(nl#fl~niflPd"lTw"weq 

pisazaiu 

6 M Hydrochloric acid ( HC1) 

U Q ~ A ! # ~  

w d d  namTnnzunuio11uu 

CM 117 (L) 
Mg (s) + Oz (g) - Mg" (S) 



Mg3N2 h) + 6 H2O (1) 
- 3 Mg (OH), + 2 NH3 

naiolf~u 
Mg (OH), ---------+ MgO + H,O 

I 

a i n i u m m s n n i q m ~ ~ ~ ~ ~ n ~ a d ~ ~ ~ ' u ~ u ~ ~ ~ o ~ ' n ~ " ~ ~ u u ~ o n ~ w n ~ #  tnun~m$inhmcl 
Y 

V d d  , V  d d  ~~nur(lru~~rl~u~wi~~azu"i~u'nnan~~nu~wu~~nn'~~wi mmiqm~I.umqauo~~isds:n~u 
B ~ilnronil#~innisnsiu atomic ratio wqordi1#6qRjd 

I. wi~1nci.nue~nqtii.a q Iodgliadaznep13fld;pn1iq ldu 

uoni?uduoon3iau ( o ) ( riinunl~$inGnlamqaw~~ c = 12 H = i 

0 = 16 ) kiuniuisnni~in~fl88n36Qu1#idin'u 100 - ( 32 + 4 ) = 64 % 

&arnl~5m~id-~u tu6nu'nvoq~ji~ c : H : o = 32 : 4 : 64 , 

M 2. m atomic ratio b c l n i ~ ~ a i ~ i n o a " n ~ r ( i l ~ ~ u ~ ~ ~ i q ~ d n i a ~ i ~ o d " h u ~ ~ ~ i q ~ ~  
w 1 

1MUvOd3 1 

32 4 64 atomic ratio V89 C : H : 0 = - . - * - 
12 ' 1 ' 16 

= 2.67 : 4 : 4 

161 2.76 nirmnan = 1 : 1.49 : 1.49 

101 2 QSMOrlW8W = 2 : 2.98 : 298 

= 2 : 3 : 3  

60 CM 117 (L) 



v 1 
014 uun 3. Atomic ratio X o ~ i f l u K a s a d ~ ~ a ~ ~ d u a ~ ~ a d i u  q 

ainEumoud I ii~ 3 t9uiirmr~iqms empirical B~tflun13tmn~6m511/?~ 
B 

8 ~ l P ~ l 5 : ~ ~ l ~ ~ l ~ u ' n ~ : ~ 8 9 1 ~ 8 ~ l ~ u ' ~ U ~ 4 6 l ~ t i ' U  U ~ B ~ # ~ A I  empirical 

ttifaffiui5owlqm3~ulnf)a ( Molecular formula ) 1hln, 

qm~~umqn = ( Empirical ) , 

Xiwiqm~~~ empirical ~04ffl3d5310~ carbon , hydrogen lit!: oxygen !8 

qR5 empirical 80 C,H,03 

iiwu'n~umqaaioqmr C,H,O, = [(12 x 2) + (1 x 3) + (16 x 311 = 75 n 

~ifiiwuer~~iiwcin~u!nqn = 150 
Y 

75 n = 150 64h n = 2 



Y 
w P d  

8.: $ l ~ l W ~ u ~ ~ ~ ~ ~ ~ n ~ i v ~ u ~ n ' ~ i w l ~ d $ i 1 ~ ~ f i l d ~ l g j ~ 9 ~  empirical im:gjmrb.~mf)nuo~ 

CM 117 (L) 
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( Determination of Molar Volume of Oxygen ) 
\ 

I. ~daanvinaiuKu d?uim5 1msqmnqjua~kwlwn~uaqp1aukl" ( Boyle's law ) lm:: 

aidn ( Charls's law ) I ~ ~ d n ~ ~ i ~ n g p a u ~ a ~ n " ~  Uan01n$w~qi/nvin~naiufiw 
A riauua~fianiiw ( Dalton's law ) ~wadiiwamnina~uKwua~n"iwaa~G~ow 

dn~d#Ifiumqn~aeq 
1 

1. ~ a f i ~ d n 5 a ~  ( Erlenmeyer, flask ) 4' MaafiMfiffa¶l( Test tube ) 
r Y  

2. %%rta:giu (Stand and base) 5.  Mofi~u'rnoi ( ~herkorneter ) 

3. ~ M B S ~  ( Beaker ) 6. fl5::¶JFlflWJ4 (Graduated cylinder) 

ai~miihfiunlqnnasp 

uoqltdq 

1. HI5 Potassium chlorate ( KClO, ) 2 ns '~  

2. tTI5flrm:kd Manganese dioxide ( MnO, ) 

1. nquequoud ( Bayle's law ) 

CM 117 (L) 65 



2. npvo4111h ( Charles's law) I 

1 
idon?iuiu~~d diu1mruotiiiatzdduu1d - miiuotdiui~ri~'ud o Oc qn 7 - 

273 
d d ,a  A' 

i "c nidnuuld n'o~il4!diuimruo~fiwi o 'C im'iciu v0 imzidoptunrJumuuuidu 1 Oc 
1 

diuimrazdu#ui~u - vo 
273 

I 

d 0 1 ~jiudiuimrn 1 c = V, = v,+ v0 I 

, a  A' t1 
6du~iptunquiwuuudu tl0c diuimrd tl0c = vt, = vo (I+-) 

273 



idoqainlunirm~ 1 lunuoihvl iF$ 8miudnrnaruim~~iu s.T.P. ( Standard 

temperature pressure ) ~ 4 8  N.T.P. ( N o d  temperature pressure ) i i ~ ~ o l ~ g ~ d  o°C 
4 a 

w4e 273.15 OK iiaznaiuiYu 1 ussuiniaw?~ 760 uu.dsow orudsuimsiviin'uwum~o 

22.4 5m.r diuimrnir 1 Tun liuniidiuimrbnii w~od?uimsn~ubinr)nvo~ais lu 
A 2  a nudsuiws'bun~s"uo~n"i~11d S.T.P. ijdiiviifiu 22.4 ~ms~mud 

V, 6inZ v, n'a d ? ~ l ~ ~ ~ € l ~ f i l l l  

P, imr P, n'a n~iuciuuo.rha 

T, iinr T, n'o qwngPuo~~ in9uo~rn  K (273.15 t t "C ) 

CM 117 (L] 



4. n~fiaiuEuJauussnan~~ ( Dalton's law ) 

2 KCIO, - 2 KC1 + 3 0, 





2. i 1 f l i ~ ~ ~ d n ~ & ~ w n n o ~ 8 d ~ d ~ i 9 d 1 9  thermometer 

rubber tube A k' rubber tube C 

solid 

1000-mL flask B 600-mL beaker D 

3. n'oufi inirnnno~~~l~id~iunn~n8lu tube A 1 ~ 0 d ~ u n a i u ~ ~ ~ r n ~ 1 ~ 9 1 a a ~ d  

d w  a sd w 
5 .  din i rd iup~nql l ' a~n~~o~ 'hu~~pl lor~u~  anqolnqunan~8u#aJi~d1~nplliri~ 

il 4.1 /(ar~~naiu(i~uoa~oiiuolrfiinirwnnoq 

?o CM 117 (L) 





7. d i u i m ~ n f u l u ~ a t 1 a ~ ~ ~ n " i ~ e , o n G ~ ~ u ~ ~ ~ ~ i n n i ~ ~ f i n o ~  

48 5 x I mole 

(io 6 

8. ~do~tbuin2iuifiwaifi 

'22.4 lit - 40 7 
n 1  , 

22.4 lit 1 

I 
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(Heat of Reaction ) 

Ymo J 3 r u ~ c i u e ~ n 3 n ~ n w  

1. 1 d 8 i i n ~ l n q l u f 8 ~ ~ 8 q d i ~ ~ 1 1 ~ 1 u "  lulduotd~n?uimmiun~iuf8~ ( Exothermic 

reaction ) 1mad$i?uiq~n?iuf8~ ( Endothermic reaction ) uoanir~iouTuliiuu 

nno'lri ( NH~CI ) ~ i n a l ~ n n ~ ~ u ~ n n ~ b i  ( CaCI, ) 

2. 1doilnvin~iu%~uotd~~uinat~odra~ditnr~1Iat~1rna8i!n ( HCI ) unrT&iuu 

I ~ R T O ~ I P I I A  ( NaOH ) 

Jn~dCflluni3nmoer 

1. uq~~dnrqu  (Erlenmeyer flask) 5.  1 ~ 8 f l l l ~ l ~ 8 i  ( Thermometer ) 

2. Cnln8Sd ( Beaker ) 6. n5aU8nolrlt ( Graduated cylinder ) 

3. r m l t ~ ~ h n u ~ i r  ( Stirring rod ) 7. G l % l ~ ~ ~ q W l f f ~  ( Bvassn bumer ) 

4. qpQdnad&aunIolbTh ( Styrofoam cup set ) 

pirnaniu 

1. lna8 Calcium chloride ( CaCl, ) 

2. l n h  Ammonium chloride (NH4Cl ) 

3. 0.25 llna 0.5 M Hydrochloric acid (HC1) 

4. 0.5 M Sodium hydroxide ( NaOH ) 

u a t ~ ~ d t  

2 fl%l Sodium hydroxide ( NaOH (s) ) 

CM 117 (L) 75 



nqvijni3nnaop 
4 s  4' dg^Zuimiid~uln~~z~ifua~o~n'f ip~~~~~iunaiaf~u $~n21afauninmuuaindi%ui 

B a cia n i l n ~ n % ~ k i n n i ~ m ~ n a ~ ~ m u ~ # ~ n ~ ~ ~ a ~ ~ ~ ~ u n ~ i i ~ n n o ~ ~ ~ w o  ( Calorimeter ) $am5?m 

diaiarn?iafaunlai~o~iwu6;au A H danaiu8inirid~uu1~dna1ou~in~ ( Enthalpy ) 
1-8' % o ~ d g ^ ~ ~ l ~ ? ~ ~ ? l ~ ~ ~ ~ % ~ ~ d ~ n ' ~ ~ l  (Heat of reaction) 61 A H  ~ z ~ u o ~ ~ u n n l u z $ ~  

Iimunznniu:qm~iuu~q5zuu ~ i n ~ i a f o u ~ i n ' ~ o i n d g ^ ~ u i n i ~ d u ~ i d ~ z ~ u n  heat 

of combustion hn~i~foudiiim0inn~mi1nz1u~.ii1d~n^3uiriulun1 heat ofneutralization 

8 ~ ~ u n ~ i a f o u k n a ~ d i ~ m 0 1 n d ~ ~ u i i n ~ n i u i ~ n ~ ~ n i a o o n l & ; i u  3 &volz?lo , 

1. d i j i i j u i q ~ f i a i ~ f ~ ~  ( Endothermic reaction ) 

J~Zuiq~miufou 61 A H ijin~oa~a~iuiSuu~nA 25 'C 

A H  = + 285.8 W mole 
- I  

2. d ~ ~ i ~ i u n a ~ ~ f m d  ( Exothermic reaction ) 

dg^Zuimun2iufou ii A H iim:oqnaiuiaunud 25 'c 

A H = - 1559.8 kJ mole" 

3. dijiijui!dijrnrqnw~~niernaip1f~~ ( Athermk reaction ) 

CaCl, + ~ 4 ~ 0 ,  (aq) - CaSO, + 2 NaCl (aq) 

> A H  = 0 
' il ,. 

I 
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d?lntunaiufbudniuoonui nuiidg^3?uidi~n#un1u1u1inao:Gia~i osiillrdiuau& 
* Y  

luunnoiiiiaoiiigol~~iiidduuiidn~"1~d ii.rliun~rAwnuo~naiuf8un1u1~0a'n1&~1n 

dg^n?uiniuclaiufo n i o ~ g ' ~ u ~ ~ n n a i u f o w v o ~ ~ ' ~ ~ ~ -  $qnaiufou$YmriiAn'll&Bindinaiu 

fou6inisuo~mm:nlu lun~ainu'auuo~nira"R~~~~iolnaiufou~sYni~unu'auiinno~ 
9 4  A' 

( calories ) Panuiu&J?uiainaiufoudii~~~i 1 nix iigolwpuinuuu 1 OC liaunaiu 

f o u ~ i n i s u o r m ~ n u ~ u ~ ~ d i ! u ~ o l n a ~ u f o u d ~ ~ u n ~ ~ ~ ~ u ~ o l ~ p ~ ~ ~ n ~ ~  I niu ijgolnqi? 

iiu#u I Oc nisiiuaolwidi!uianaiufouh~nunuo~~jg^~uiin~niuiJoni~&ain~iwu'n 

ue~61urnaunms~olwpiidid~uuiidn~An'lld~in~~~ 

Q = M x S x A t  

s = naiufou61nriruo~nn nu'auidu Call  g - deg 

P ~ ~ I ~ J ~ B P ~ u ~ ~ Q I ~ ~ ~ ~ I I ~  ( Heat of Solution ) 
d Y 

luni~nnaoriuonsniunn NH~CI lu41 d~1ng4 iqo l~p&o~n i~~~n iu0znmn~ 1u 

~ i ~ ~ J ~ h ~ l ~ ~ l w ' l ~ l 5  NaOH uinsniu~igolnpduoaniJdAn'll&a:I~u$u 1164iW NaOH 
A' A' A lud3lnol1w'uuinuuri~ui11~goln~~i~uuinuu ~ ~ i m s l ~ l l r i i u ~ i n i ~  NH,,CI asqslnBu 

d Y 

naiu f b u a i n h i n s  NaOH iin~miunaiufouoonui iuo ~ini3&noquin:nidi 

~~~ud i !u ima iu foud~nqnna"un i~n~uoonu id~  1 Tun uoq NH,CI iins NaOH 
A n ido~iuin:niulu~i~iuau~u~1~un41 ~ ~ u a i n ~ u o t m m s n ~ u n i o n a ~ u f o u u o ~ ~ ~ ~ a s n ~ u  

A' 
( A H,, ) dina iu~ou~o~~ i~nzn iu i j~ id1~n 'u1d  ~ u ~ ~ T i U a ~ n n a i ~ i 4 u 4 u u o ~ ~ a n s a i u  

imsdiiinraiu iY-a~uaziiiul&ii ~doiansniuQnn~niuluiaiiasni~~zl&ni~ntniudii 

niaqslnR'unaiufou 61 A H,, asiiriiiduuan i i d ~ ~ a ~ ~ n i u ~ n n m i u 1 u i a i i n s n i u  

~ms~~imrnmiudiini~niunaiufou d l  A H,~, asiiriiidunu 
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hi A H, oi~ozGn'iiduuan~5onuiC1# 

XinimzniuiSuuo~iiud.~idu NaOH ido~iuinaniu~iQziiimniriimnfia1flooou"n 

K jooorinuaniinznuuosw3n N ~ O H  ~ziumoon~infiui~u~nrz ~uhmouud;~q 

oir~uwfiqiu1umrriiniu1ooo~"nIr'q 2 agn ndwnsqlu~utumoudfiunal wfi~iu 

i U l m n ' ~ ~ & l  H ! Q w ~ ~ ~ ~ u ~ I R P I ~ @ M  ( Lactic energy ) 

2 NaOH (s) 7 Nat (g) + ~f (g) A H  = + 788 kJmole" 

Cmeuii 2 

lainclnuo~~iui~ouroulooou"ninditu mrrauhuo.rlooou"ndQnXoudo~ 

#au$ir:~riw &.aiuoonuidunai wth41u 1%inrfu ( Hydration energy ) 

A ~ a + ( ~ )  + Cf(*) + (x) H20 7 Nat(aq) + Cf(aq) A H = - 784 Wrnole" 

C C 
#iioiwq 2 uuoleuuiraun'uosl8 

A NaCl (s) + (x) H 2 0  7 Nat(aq) + cf(aq) A H = + 4 klmole" 

Y 
B A g4I.h A H ,, QqiVil6I.l lactic energy 3 a ~ f h d i  hydration energy ~ 4 i 1  A H , ,  UOP 

lactic energy ~zijiiiguuan dauii A H ,  UQP hydration energy ~zfiiiiflunu B&J 



Lactic energy > Hydration energy ijriitfluuan ~mnq~ua~nirnzaiuana9 

Lactic energy < Hydration energy ' K u01u qm~q3ua~nirazaiu1w"uuu 
Y 

niuu'i 

d u naiufauuclsdimmrua~n~rnaautnaa ( Specific latent heat of fusion ) UD~&IIUJ na 

~liuirnaiufaudIflunig~iI~Jitti;q 1 niu o0 c d~uunmuznniut9uii1naa 1 niu 

o0 c iiiid~zuifu 80 tmnai/niu nia 3.35 x 10s gn/WTaniu nio 80 iilatmnai/ 

t+aJ#u 

2. ~ i d n ~ ~ f l d k ~ ~ u  hot plate ~?0(~llfi~11]~ltfld 1~~37Gf*utt(i&~fauhqpIu 



Styrofoam cups 
I\ I-- pdnrdnimnlo~ 

1. nI0fluu"~oi (thennometer) 

2. 1rnqrr8anuni.s (stirrer) 

3. f i u  styrbfoam 11ak.di 

El 

. , 
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, 
1. u ' l t h l  stymfoam 2 . ~~ui&~~in~*n#aumto~~w"mwaGuu 2 diitnti~ 

2. ih;inu'nmZo NH~CI nnr CaCl, $4 2 aUPm TRu.~~inCflodiqa: 5 niu nqlu 

%;XI styrokam i i i n r l ~  

3. %~~; ISL¶JO~~PI?~UUIR LOO mL dlfll5A?P(il1~r#d?u?As 30 mL Olfl~dlflirim 

qompUPvo~~ii~ubviiarafi1~"uw"n~~ ~ 

d L  
4. W I A ~ U ~ U  30 mL /~~~1#n~lutYad styrofoam idn:1uwaqGinCflmZol~iida 

wfou~mdiimri~u'~~iwoi~uUPimoi'uud~vo~%i'au styrofoam 

5. ndiXau styrofoam vuflsz&qmnfJUPd~uuiidn~ld~intfu6u iini~?mq~npUP 

q~#~ud?kmzomhw"n?a" 
940, 94 9 

6. ~iciiqoln~uiam~misoJmuiiarqm~"iuvo~ni5araiuin~oM-'~ 2 ac~Wwiciin-nufou 
Iv 

vo~msn:mumZoA 2 aGmiim%o'6U'm1mi~md~n'?ui~mw~oniunaiufou iiinum 

I~naiufou$imiruoc~i5araiuipiin'unaiuf6udiiwirvo~~i 

3. i 4 i l n ~ f l  NaOH ~ 1 1 ~ 5 ~ ~ 1 ~  1.04 fliu iVln~r[u¶Iamqdnl?u dlfllsnu~u 

fllr& NaOH RYtIIUMUR d l f l 1 5 ~ ~ q ~ l ~ T J ~ q d l ~ i i n ~ ~ R ~ ~ d M " f l ? a "  

1 .  fliswmaos$iindaun"~~o 4.1 ii~~i~nraiuarI#fl%fi HCI naiui#u$u 0.25 M 

2. diflls~fiqoln~~lfu~uva9flsm HCl NaOH nrnlulu 

nsm HCI aunm ain~iiiuacunici1naiu1ouvo~d~n"3uiarrtw"u 
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ma'a r nda 
Us y 

NH4Cl CaC12 

1. $inlinuoaniu styrofoam n% 

2. 6wlinuoa~au atymfoam + hnljnrnto n i i  
v v 

3. diuims ( J i n h  ) uaa~ilun~zuonmat ns'ol 

4. $inljnuoa~nto ( Uo 2 - 6 1 ) n7u 

5. Xnlinuomisnzmu ( Uo 3 + Uo 4 ) n7u 

6. q 0 m 0 ~ i u ~ u o a 6  oc 

7. q ~ n ~ f i q ~ # l ~ u o ~ f l l 5 n . m ~  Oc 

8. qmngu'$d?(uutdna Oc 

9. ~iuimnna#au&wum~niuwfoqm~ind~%Ui cal. 

10. naiu#ouuoa~isn~niuions'uuoarna"o cal. 

11. dan?mfr9udin?uiniuw~o~m~1aiu#ou 



5. blu3utunuo4 NaOH dl# 
6. d ? U l o l ~ ? l ~ f D ~ d D ~ ¶ ~ n ~ O 9  NaOH 

L y a  
d$i%i NaOH, 

I 

aralar%l 

J a R i i l n . ~ z ~ h i  

NaOH(8) I HCI 

J ~ a f s i . r r ~ 4 i - i  

NaOH(,,,l HCI 





C I . w  Cnued~nrul ini i  

( Rate of chemical' Reaction ) 

w 
pJ~:rrwhmrnmnaar 

I. liu'oilnln3ab~iiwn4oo'm~iuo~ 

1.1 naitlltb#uueaaiadiswndo n~utd~trr$utll'lstolfim 
dd .Y 

( no3 ) 1r~rkdu~rtllmi'luh'ld6 ( N ~ S ~ O ~  ) I ~ n i l x ~ i u ~ ~ ~ 1 1 1 u i I l d a  

d u  huonnir y f t ~ o d f i E ~ i (  Iodine - Clock reaction ) 

1.2 g ~ ~ O ~ d i i ~ n d o b b l l ~ u o 4 d c ~ ~ i  , 

1.3 wnuo~nrm:n'ni uurniQn6vvlm ( MnSO, ) HSO l iou l~ l i juuhsu l~n  

( NHJ,M~,O, 4 H ~ O  d i i w n i o ~ r i u a ~ ~ J ~ n ? u i  

2. ~~oilnoilnvibnuoadiEui ( Rate of reaction ) ( i1~8441~n~:$~ ( Activation 

energy ) 5 ~ & u u o ~ d ~ i i j u i  ( Order of reaction ) L M I : ( ~ ~ ~ J ~ u o P ~ ~ ~ ~ ~ ~ z u ~  

( Rate constant ) 

p ~ n r  Aflwrngnnaaq 

1. h ~ f t ~ f  ( Beaker ) 6. Wtl8fiHUFiffll ( Dropper ) 

2. fl5ZllFlfl91133 ( Graduated cylinder ) 7. i ] ld~ ( G e t t e )  

3. W~FlfiwfitrFlLl ( Test tube ) 8. ~1%71hl3nl  ( Clock watch ) 

4. l l f i ~ l l t f 3 F I ~ ~ 1 1 5  ( Stirring rod ) 9. pl:l8~4~ultlu ( Bunsen bumer ) 

5. m8s"1tll~lpll~f(Thermometer) . 10. OlltllflJ3A3fi( Wire gauze ) 



1. 0.01' M Sodium metabisulphite ( Na$,O, ) 

2. 0.01 M Potassium permanganate ( KMnO, ) 

3. .0.02 M Potassium iodate ( KIO, ) 

4. 0.1 M Manganese sulphate ( MnSO, ) 

5. 0.1 M Sodium oxalate ( N%C,O, ) 
* ~ 

6. 0.1 M Hydrogen peroxide ( H202 ) 

7. 0.1 M Ammonium molybdate (NH4),Mo70, 4H,O 

8. 0.1 M ilaz 0.5 M Sulphuric ' acid ( H,SO, ) 

9. 0.6 M Potassium iodide ( KI ) 

, lo. 0.05 M O d i c  acid ( H2C204 ) 
v 

11. 1% Jiids 

12. nl5atGIlU A 0.02 M KIO, 
dd oY 

13. t I 1 5 ~ r k l ~  B 0.01 M Na$,O, ~ U R ~ ~ ~ : R ~ U ~ ~ S R W U U ~ I &  

I 2. qmn~GumrGini~nmaoa 
3. 5aii-Idfliijui ( Catalyst ) 

4. naiu~bubuuo~rn~lbi.Isidfiiijui 



ua~dijii3u-1 

3. d i a ~ i ~ r a d ~ % a i ~ 4 a n z m r ~ a ~  ( catalyst ) 

nzm:Snii9um5ddauiiqd~n"?ui wioanciiwkt~unrzdju ,( Activation energy ) 

uoqdin"?u118~1fiq ~i?nzmz~n6~zihra0~~an'fln15~~&uiw"a~n1n~~arfi~~ol"1~9~1znu~o 
d K  msm5ndtjn';uil&rauu idod fin';u~~uqnnq ~anzmzSnii;oznXu~ui~un15~a1~0~ 



Acllnllon m c t w  or c n m  bmer 
ldclennina mctlon rate) 

mA + bB 

i 

4. na i~ i#~#uirua~cn~d~#ir f in l~3~1 
d A' 

idoi~an~i~i~u~uu~afli5"1wfli5~u"a1uddZ6i uzdil8d~Tiiuiiiiw153uu d l  
n n l n ~ b u u o t ~ i ~ $ ~ U i o ~ i d ~ ~ u i ~ o l u n  I &5 1 m z i ~ n i $ 1 C I d 1 u n i ~ $ i ~ ~ ~ u i ~ i u ~ 5 n  

r 
bifluiu hlua 'u i t  ~io?ui;1 uuodii~6miuoad j~ui.1i~iiwGuit3w~o41 d i ? ~ i  

r~no~~iiwi~w~~lumou6uXuiin~dou 7 hna idoaoind?uiwuo~63$id~~uinwna 



d~Euirni~~i~iii~iflui!u 9 doiu'oqriu diXui!uuoaniriii~d~%uiffonn1nuo~d~Eui 
d.4 d im::naiuibbuuo~niraz14a~in"u [ ] i8u8q%iny~nrrtua~unu'auidu~undo~oil~' ibu naiu 

v 
ibubuuoarnr A ani$uui8u [A] 6innkdiuuotd~Euiiuinn41 1 au'~ briuoq 

A' B a r n i r i i i s d ~ % u l ~ i ~ i ~ ~ : : ~ u n ' u p I a ~ u ~ b u b u v ~ ~ ~ i r ~ ~ n i r n u ~ n ~ ~ ~ i ~ ~ ~ u u ~ ~ n ' u n ~ ~ k ~ ~ u  

qnga 

hnir A %id~%uiiiUnir B 1Jnn c riunir o &anurn5 

f i i m ~ i r k ~ ~ u ~ n R n ~ l u d ~ ~ u i  
bnm~iii~Jg'n7ui rate = 

1 d[Bl d[Al .= - ~ ~ ~ u b r i r n m i u l d u m  [A] 6Ki:: [B] ; - -- 
a dt b dt 

A i&a~uiunuun~aknaiuibubu~~~~ [A] imz [B] in~nc  daumrocnuiuuanarun~p 
d ' r  kn~iuibbuuoq [c] iinr [D] nduuu 8~dunalac~~iu~r::wii~s'oilrinirin"~d~~ui 

M i 8  rate = K [A] [B] 

61 x iinz y ~ i l d ~ i i h l d r z ~ n ~ u o ~ n a i u i ~ u ~ u ~ ~ o . ~ ~ ~ ~ ~  [A] iin:: [B] imzlidiifluhil 
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\ 

Y Y 
1. n~iu~uu~wuasa~r~~wam's~m~1d~%u~ ( Iodine - Clack reaction ) 



-44 
2. q(uwqunuwd~~m~im'~~Amd~Sui 

a i s a ~ n i u ~ l ~ ~ n n o c d ~ ~ n o w ~ ~ u  

nrngniu A ( KIO~ nqiudu#u 0.02 M ) 
d. oY nmzaiu B ( N%S~O, (I~IU~UUUU 0.01 M Iunirn~nianrnn~uii~d~ ) 

sd. Y 

n1rnipornr~uvuwndod~~~i~~nis~n~0~6zim~~un1rnzn1~~nuM'~nu 5 ~ F I  

d 
1. nisim~uu~115nzniuwn01~ 1 I 

1.1 Thdmffisnznlu A ~ I U ~ U  5 m~ nqhijflmof 50 m~ 1mzg6dfl nis I 

1 

nzniu B 61uqu 5 m~ nclunnom~~fio~ difli5nq~q~qanqP~~e ; 

nirnrmuf~notl~'1~po1nrJu" o Oc ~nuiidludieura~iiiiu*c 14' 
I 

1 

mofluiiimo~1nir?npo1nqPn1~lun1rnzni~ A Imr B 1Xli o "c ' 1 

&zd 6.3: I 

1.2 mnsnsmu B nu~unirnzniu A wfounu!#k?'nii~ndi~nx~o rju8n 

i ~ n i a u n r z r i u n i m m ~ ~ i ~ d ~ u ~ ~ n ~ o i i i ~ i ~ u ~ i ~ ~ ~ i ~ ~ I u  I 



3. nzndlm~idir~adsnisl'in J~GUI ' 

3.1 dfi%Ul5c~+14 KMnO, UPS Na2C204 

' l u n ~ ~ a d i n - n z ~ a i  

0.1 M diuau 3 mL imm5m H,SO, naiuiUuUu 0.1 M /luau i m~ ndu 
' , 

nnemnmnsumiud16uw~ounulii~a 

2. nunnim:niu MnSO, nio M q  ( nzmziini) naiuibUu 0.1 M diuau 9 
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nisd9iuamnisnma~v~eaiaazniu B ( Ac, ) 

ad cr 4' dij3uirnuminmuusz~~isni5ozniu A J/idijiEuinYPlni~oenlu B 

1. 103' (, + 3 HSO-3 (,, ____il* 1 - (nq) + 3 H + (q) + 3 30: (mq) 

2. 6 H + (q) + 5 1 ' (4) + 10; (4) - 3 I2 (eq) + 3 H2° 

d 4  4' Y 

oinnilnlrmhnmuu sz~#airnrniu+&~u ( I, wrmiiu~ia~a 1 donianmma 

HSO-~ ~nf4~u111uniaYhdfi%uin'unianzniu 10; fid 

msfiiosawnisamasma~isazaiu A ( Ac, ) 

$oiamioinnunia 

biuwlunuat 10- 
3 =-  

biuau'bunuos ~ s o -  3 
3 

6iuaulunuos 10 

naiukduuopnnn~rnu A dnnns = - 

3. rn r ( i i ~aw~f is iv~mI~Zu i  (rnunniiiuacu'l8oinni~nmnsuo.~ [A] HSO [B] 

oinngo'915i - -  1 d[Al - = 
a dt 

' 
K [A] ' [B] 

". < 

b dt 

rate = K [A] " [B] " 
I 

mfoe~uiunur:~~nm.~danaiu~4~buut)~ [A] lm: [BI dnana 

i 98 



nrGn'~sinnaiu~Gu~uu~~ni5nzaiu [B] h ~ n s  
1 x [0.002] 

nirnzniuwnud 1 rate = - = 1.1 x 10" Mlsec 
3 X60 

nroin'~oinnaiu~Gu4uu~~ni~nzniu [A] inmnq 

nirnzniuwnud 1 rate = - [0.002 ] 
= 1.1 x 10" Mlsec 

3 X60 

~ i i r n r i i m  rate oinnaiu~~uGuirCln~n~u~~n15azniu [A]  fa [B] a n ~ u r i i i ~ u a i *  

Olfl rate = - = K [A] rn [B] 

rate = K [A] rn [B] 
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naiul%auo.~ 

nnrrldurs 

rfluihi.d~ 
i d u  , 

Htl061 

4 
nnnaun 

1 

2 

BIU~M ( nun ) 

di&unnnunannzna1dnsrri3n 

2 3 4 5 

KI 

2 

2 

i 1 1 1 ~ 5  

2 

2 

Hz02  

2 

2 

(NHS6MoPU 4 HtO 

-- 

1 

0.5 M Hz804 

1 

1 





nrrqalnil 

( Equilibia In Chemical Reaction ) 

' 5cl?d~zuwmmtl 4 
aag 

I. 1rr'oilnvi~2iu1bubwvo.~~i5 ~ ? l u L  pmnO~~mr~zslz~n~dfl~~~~nniaznu9n 

1Rfl s l l ~ ~ ~ f l ~ Q ~ ~ 0 1 ~ s l 1 s l n ' 1 ~ f  ( Le Chatelier's principle ) 
i d 

2. aoi tnvi i i  common ion C ( ~ ~ m d ~ ~ ~ ~ t ~ ~ ~ ~ d f i n ? u l  unzim~nnuqnvaad~Eui 

( Equilibium constant ) 

ednrd~f l~nnrmaau 

1. HnQflMflnQU ( Test tube ) 4. . 11~~66X?pl~tf15 ( Stirring rod ) 
d J ,  

2. M31.JH~881MflflQU( Test tube rack ) , 5. ll-lflu'lfln'~ ( Wash bottle ) 

3. #Q%J~fltfl5 ( Spatula ) I 
I 

4. 1 M Ammonium hydroxide ( NH40H ) 1 

1. 0.1 M Copperc nitrate ( Cu(NO,), ) 

2. 1 M Potassium chromate ( &Cr04 ) 

3. 1 M Potassium dichmmate ( &c~,o, ) 

5. 1 M Magnesium chloride ( MgC4 ) 

6. 1 M Calcium chloride ( CaCl, ) 

I 

7. 1 M Sodium sulphate ( N%S04 ) I 
8. 1 M Sulphuric acid ( H,S04 ) I 

9. 1 M Sodium hydroxide ( NaOH ) 

CM 117(LJ 107 
I 



~84i6$4, 

1 fl% Ammonium chloride ( NH,CI ) 

aaqainii ( Chemical equilibium ) i8ud~0qu~in~dnai~dauo~diEui IdCi~~din '~  

diffuibounriuiinaiu~ta~oa'in'u ~ n a n i r i n i i d  

d~f?uim~uo~nirdduuiidn~ais A riu B ?#nir c 6u D im:nir c iiu D i i i ~ t u  

mlnra~id~n?uitbuna"~?di8unir A k B I# 
d ~ f f u i ~ ~ ~ ~ u ' i d n i ~ u a i ~ o u ~ ~ n a n i r ~ o n i r  A tin:: B diJtjftuih?#nmr c im:: 

D Bunii b ~ i ~ ~ ~ d ~ f f ~ i ~ ~ i l u " ~ ? d ~ i 9 ~ d i  ( Foward reaction ) U I  C 

lm: D did~dui#duniiul#nir A sa: B Zuni1 b r i v o d @ ~ u i 8  ( Reverse 

reaction ) ludq~bridg'ffuiuoanaiui~ad1dCi~wdiii~::#oun~~ii~ai~1"5a~iin'unn~~: 
K dfiuniinaqam~ 'lunnia:naqbnaiai4'u4uuoqnirkq#uiin::wiimfifw.n"din"fiuuifludinq 

hqnmr  d o a o i n ~ r i n i r a ~ a t u ~ ~ n i ~ k . j ~ u ~ i i ~ ~ ~ m r i n i r ~ i 0 ~ u o ~ n i r w ~ f i ~ 6 ~ ~  6du 

sinnanimJfiabiuiin toinn~6mrivo~d~n"3uio:?# 

d~n"?ui?dCi~wd~ r = K~[A].[B{ 

CM 117 (L) 



oinngnaiufiudouuea Dalton 

2 NH, 

~&lmeurVlmVl~si ( Le Chatelier9s principle ) 

lunniar~dg'~u~nu~n~;iloiC~~la~i~unau dfiEuiuo~rnrAi~QuldQi~nGi~~nr 

d~~uidbun~uorm'lriu luuar~rruuo~lunniarp~u~n ni~orlrui~odirammuuoo 



CM 117 [L) 



o r a r n i u ~ # d ~ u l n n ~ ~ i d u n i ~ a z n i u ~ u ~ ~  d~uda~.ra:ian~i?i9u10a~u~~ni~araiuin"~ 

i ~ u n ~ i ~ r ~ u ~ a ~ z n i i ~ v ~ ~ 1 i ~ ~ 6 ~ 1 1 0 a 0 u 1 u ~ i ~ a z 1 u  hoiianirnzniudiduvoqi~iq 

l8ll6 AgBr (s) 

AgBr(s) $ ~i + B; 

dnuqn K = I A ~ + I [ B ~ - I  b 

, 4AgBrl 
' v 4 

idosrln AgBr (s) nt ln lu~#dBuuln~u~  &$u AgBr (r) ~~ lduuoal l~t~~f i lnuw~f i id l  
v 

6dln'fJl &$w 

d d dinmlnriu'8unii Ksp ( Solubility product ) u t l ~ d i 6 ~ m ~ ~ a ~ ~ ~ ~ v ~ 4 f l i ~ ~ ~ n d ~ ~ ~ ~ ~  , 

luf1I5w"~15~161 Solubility product fk w ~ ~ N u Q ~ ~ ? ~ ~ ~ ~ ~ ~ u ~ ~ ~ B ~ ~ u ~ ~ I ~ ~ ~ ~ ~ u o ~ ~ ~ ~ ~  

1. Jfiiiiuiarrqara~aia$~zniu chromate ( C~O;- ) 11:: dichromate ( c~,o: ) 
1. U ' I ~ ~ Q R W R ~ O U U I  I nnm )/in15nmni5ntlmu 6c1-0, ~ ~ I U I C ~ J U U  1 M ( i u ~ u  

1 mL ~ ~ ~ U I ~ R Q R M R ~ ~ Q U  Qlfl~UWURfll3ntli7lUn5R H2S0, n?l¶.ll&l~U 6 M 
s ad 91wu 2 - 3 MUR ' ~ u m n n ~ d ~ ~ u ~ i d n ~ a i n ~ i ~ n z a i u  chromate 18u ~n~nrn1t.1 

dichromate 64nI.l nl5 

( Chromate ) ( Dichromate ) 

CM 117 (L) 111 



2. f i i n i ~ n ~ ~ ~ a h l ~ ~ ~ ~ ~ n ~ ~ a z a i u  NaOH n?iudut;r 6 M diuau 2 - 3 HURa-3 
d 

!uWno~iR^u~u#o 1 JiinirrjuM'nmr~dauw~~nlaa~~~nnisaza~u dichmmate L ~ U  

tfllaza1U chromate 

2. d~3uinuqauadiiaubuiduu 

1 mL ~ S % U W ~ ~ R Y I R ~ ~ P J  

2. HuRmlnzaiu NH40H n31111#~#~ 6 M P ~ U W ~ ~ R Y I R ~ ~ ~ U $ ~  1 diuau 3 WUR 

ounrz&iiua.mira-.mu CU(NO,), ~diuulgu CU(NH,):+ 4atYamrnainml 

MnOR l ! l H i 3 0 l l i l ~ ~ ~ F l ~ 3 - ~ ~ ~ 1 ~  CaCI, d l ~ ? ~  4 - 5 WUR U ~ ~ ~ W P O R ~ ~ ~ P W U R  

CM 117 (L) 



nqhnnonwmnou iida~iniswwnounaiu~~unsniiar~s~~~~unsrni~a"~oJ'~ oin 

i i u i~~mrnrn iu  M ~ C I ,  nqiutUuGu I M iiium 1 mL nq1unnonnnnou 

3. oin~udinirnunmsnmlu NH~CI n~iui#ubu i M finmum ( nio NH~CI 

2. &Cr,O, + NaOH I .............................................. I 

1. i ~ u u n u n i s i n ~ i i n n s n n i a r ~ u q a ~ ~ ~ ~ i 9 d ~ ~ u i  chromate iinr dichromate 







Y 

2. ointWfliruslnpi?uod CaCl, lmz CaSO, !u61 oa'uiuwauod common ion iiwn 

.. ................................................................................................................ 



2. Qlfiflolfil3 NH, + H20 NH,' + OH'. 

XiiRumrnroiu NH~CI nqluJf3u.l mrqna:rii~rnrdi/uu~~Ja~orii~1r 
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( Determination of Acid Base Titration and 

Equivale f Magnesium) 

L q d r z a ~ i n i r n ~ e o d  

1. doilnvini.inin~lu~GuGu 

.4 or d d  

2. 1wo8nvi1wnCnnisR1m5 lunirni~nlinnuun&o~unu~~uu 

o d n r d ~ # l w n l r f i ~ a s ~  

1. %65m ( Buret ) 4. m.¶JF)nh~l( Wash bottle ) 
I Y 

2. %dm ( Pipette ) . f k h l i ~ z g i ~  (Stand and base) 

3. ?~?~1dn . i?~  ( Erlenmeyer fl - 6?!nG?l59l ( Buret clamp ) , 

2. 0.2 N Sodium hydroxide ( NaOH ) 
d 

ni~n~niuRiodisnazw1naiu1Gu4u 

1. Hydrochloric acid ( HCl ) 

2. Sodium hydroxide ( NaOH ) 

3. Acetic acid ( CH,COOH ) 

Phenolphthalein 

CM 117 (Ll 



n~"3nirnmao~ 

m5Rlo1rdL ( Titration ) ~ o u ~ a u m ~ n i ~ i n f i n " ~ % $ u n ~ ~ ? i n ~ i : ~ ~ ~ d ? u i m u o ~ n ~ ~  IRU 
1XnisA4iotrnmnunaiui$u$u rlid~~i?uiwo~hn1~n:n1uu1m~~iuw"~~1una1ui4u$u 

A iirjut~u p f l d d l d ~ ~ ~ l ~ ~ ~ ~ ~ ~ f l ~ 1 9 ~ t b ~ ~ ~ ~ n 1 5 ~ i o 1 5 ~  ( End point of titration ) W9: 

n~iul4ilmunnidduuduo~Zu~inimoi m~Zu~"maoidu'iu114Iun~~Sio1~~na~o:in"on 

~winui:nuriuni~n:niud~:~iuigiiini~~im~w i i n : n a r d o n p ~ ~ ~ I ~ ~ n d i ~ u ~ w ? o i i i ~ u  

a 9 Ishrnnoin ( HCl ) naiukdu 0.1 N iwolalunis standardization winaiuib4ud 
a' d v a  

uriuouuo.riunriau , Bq~umm~no~uiunnlrno mrI.a~RuulamronId ( N ~ O H  ) illio 

a mo N, ' im: N, = naiuib~uuntsir~:nlun5miin:iuni~u normal inuo 

v, im: v, = d?lnmsuoam.rn:niun~m~ia:1uardl4~au~an"uwo~ 
I 



2 NaOH + %SO, N%SO, + 2 H,O 

ozl#iiu?uTunuoanis N ~ O H  = 4iu~ulunvoa H~SO, = ~iu-~ulun~os N%SO, 

~luau~uauos NaOH - - iiuaulunuos H,SO, 

2 1 
M ( ~ a ~ ~ )  '(N~oH) - - M ~ ~ 2 ~ ~ , )  V ( ~ I ~ ~ , )  

2 1' 

(r%Jy~~%~glll( l$ ( Equivalent or Chemical equivalent ) 
2 

nuap n ' o h i n u n ~ i n ~ a d i n i s w ~ n ~ ~ ~ ~ ~ ~ i ~ J n n i u ~ s ~ ~ ~ u ~ ~ w ~ ~ l f i ~ ~ ~ a G u  

'Y 

K jlnuqn 39 { a h  K dfuiar 1 niunuqn a:Sfii~uPinrimvilriuniG 39 niu 

Na dfluqn 23 &li'u Na J?uipl 1 niunuyn a.-n"fiiSuIfiw~niu 23 fliu 

CM 117 (L) 



HCI maiuibud(~ 0.3 N o i n t u ~ . i u i ~ ~ i n i ~ ~ i m ~ w ~ p l ~ i ~ a z a i u  NaOH naiui#abu 0.2 N 

d o ~ i ~ i u i ~ m % n ~ l ~ 3 e T m u l #  phenolphthalein i%$u~~m~moi ~ d o ~ o n ~ n ~ ~ n i 3 f t i m 3 ~ u  

~a'soinaamoJ'nu"l3uun~aiu~un 82unisnzniu NaOH naiui#ae(U 0.2 fi Tnul4d3aim 



Y Y 
1. flls standardization ?I89 NaOH 8afI HCl plalol~?Iol@Uod 0.1 N 

Y ,  

1. f in?iunzoi~G?lrm8au~in~u imz~liudi?ufiisarniu NaOH i tn~oui i t7 iwA 

1dnnhiA'unimza~u NaOH 6(Q:fl1uiH1n?lui#u'uua~1u~ai5moudd~m'FIon 

3z9Yupd 
I 

2. Bd~n~~nzniuuimrpirr HCI n~iuthbu 0.1 N (iuau 10 mL ~'IIuv?Rz~J~~?u 
VUIW 250 mL ~ 1 0 4 % ~  HUW phenolphthalein huau 2 - 3 HCIWnduiidnz%uw~oplf0u 

n ~ l u u ~ m E ~ n r a u ~ ~ ~ i ~ a z a i u n ~ m  H C ~  naiuiUu#u 0.1 N wfaunyuuamh 7 ori1.a 

ndqinua 
d a e J 

I 
4. id0(lnt~~~A'azl~uT1'fluqin~vu ~ O U  7 dd0uT115nzaiU/ NaOH ainu'?i5mof!iia~i 7 

aunrzd~i iuo~ni~nzniu Iuva~~dn~au dduuainmsbzniu10j~~iflud~uq~rii~ 

oi?r im~~i18~q~qtuo9ni5~im5w 

5. diud~~m5~04T175amu NaOH i ~ f l~~un ls~ imsn 



6. J ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X ~ ~ ~ ! ~ ~ ~ ~ ~ ~ G ~  1 &#0 5 i d ~ ~ i r i i i n $ ~ ~ ~ u i m ~ ~ ~ q  NaOH dDn 

l f l d  

nr lo mL l$i3u&nkunqldluuaREdnraulunr 10 m~ ii#adi~ijVni~n~a~~siOW 

a. a i n d l 1 i ~ ~ u i m r d ~ f l d ~ i u a 6 ~ ~ i n a ~ u i u " u ~ u ~ ~ ~ n 1 r n r i u  NaOH ainqmr 

mL tY0llu 7 10 mL MUR phenolphthalien 2 - 3 ~u~~Su&~~f i~m~inaId!u 
! 

uamZdnrauneinr~uwIoudq~iniriulii~$i#ifiu 
1 

2. i~ufiimraiu N ~ O H  dn3iunaiui#u#uainni3w~n~qd I ntlucanm a~aviini3 , 

3. aadiuimruoc NaOH d!$dwoqn& ~iuimriii~~uAau1di1ua6~ni~aiu~#u#u 

uoqnsfi HCI d~aiwsiunaiui$u#uI8 



3. U° l f l l3~za iu  NaOH flal Idn~l~u'?~m6~rds'fldi!~ifif ~ui!s;mqw6 
Y 

Jiinirwufi phenolphthalein 2 - 3 vufinduuamZdn3auih 2 IU Q I ~ ~ U ~ I ~ I I S ~ L ~ S ~  

~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ I ~ ~ ~ M I ~ ~ ~ I I ~ ~ ~ G u ' v Q ~ ~ I s ~ ~ ~ ~ u  NaOH i ~ # ~ i n n i ~ n f i a ~ s  C/~zljild 

1 R ~ u ~ i m z m u u i m ~ t i u I ~ n i ~ ~ i m a ~ ~ ~ G ~ G ~ v o s n ~ r ~ z n ~ ~ n s f i ~ ~ l i u ~ ~ ~ m a ~ ~ ~ G ~ G ~  
I 

.............................................................................................................. 

oliisniar 

4. fluwdnd3uim3uosni~a~aiu 

1dtliuaPmiciidin~'nnu~ 

wwnlanmaaa 

1. fl13 standardization lUB9 NaOH 

1. n~iu14u4uuoun5auim5giu ( HCI 

2. diuimru~tmm:muuim5~iu HCI dH 
3. &UI~S~~U&UVQJ NaOH ~~IUQI~&ILSPI 

4. fiuimrqfl#iuu~t NaOH d d ~ u ~ i n ~ ~ f i ( ~  

5. dj~im5uot N ~ O H  dl# ( 40 4 403 ) 

6. nnuk4urat  NaOH dl# (NaVa = NbVd 

7. d?ulm5 NaOH 614 ( ld018~~1tl&J ) 

~ ? ~ U L ~ U ~ U V O ~  NaOH dhhinnls standardization dild~in?1u1(ju#uvotni5n:niun~fid 

v 1 

niaftlnawnY-aisbl 

1 

0.1 N 

10 m~ 

mL 

mL 

m~ 

N 

mL 

2 

0.1 N 

10 m~ 

mL 

mL 

m~ 

N 

mL 

n'maiu 

0.1 N 

10 m~ 

mL 

mL 

m~ 

N 

mL 



1. ~ ~ I U L ~ ¶ . J ~ U V € I ~  NaOH (Ulfln15~fl~84$1) 

2. L ) ? ¶ . J I ~ ~ L $ U ~ U U Q ~  NaOH ~~IUUI~IPJL&I 
3. d?uinrqmXiuuea NaOH dd iuu in f ia~~~  

4. ~ ? U I R ~ U € I ~  NaOH 614 ( $€I 3 - $8 2 ) 

5. Y J ? u I ~ ~ v € I ~  HCI fiurninaiu~4u4u 

6. naiu~4u4uiYa~diq HCI 616 

CM 117 (L) 

\ 

I 

1. ~ ~ I U ~ ~ ¶ . J ~ U V D J  N ~ O H  (Ulflfll591fl~€I9$l 1) 

2. ~ ? O J I ~ ~ ~ ~ ¶ . J & U V Q S  NaOH $ldiu~inCiat5n 

3. 1~uii5qm#iuuec NaOH ~ d i u u i ~ f i a ~ ~ n  

4. d?lnn3~€19 N ~ O H  ~ I G  ( 40 3 - 40 2 ) 

5. dilnnrua-i CHFOOH C/~:nin+aiai4uUu 

6. naiuib~4uiYa~diq CH,COOH dl6 

Y ,  

ni$itnannY&l 

1 

N 

mL 

mL 

mL 

m~ 

N 

I, B 
niaain~na3sn 

1 

N 

mL 

r n ~  

mL 

m~ 

N 

2 

N 

tnL 

mL 

mL 

m~ 

N 

pi71'~dfJ 

N 

mL 

mL 

.mL 

m~ 

N 

2 

N 

mL 

r n ~  

mL 

m~ 

N 

piita& 

N 

mL 

r n ~  

mL 

m~ 

N 



............................................................................................................. 
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( pH Scale , Indicator and Hydrolysis ) 
< 

%eJrt.aan'mm~asa 

1. ~ d d n ~ ~ n ~ ~ ~ ~ ~ u n ~ m ~ ~ a : ~ ~ ~ a r ~ ~ ~ a r ~ ~ i : a ~ u l m u o ~ a ' u  ivlon nlnn ( PH scale ) lu 

1. ~aomwmnou ( Test tube ) 4. L I ~ Q ~ I ~ % P I U ~ ~ %  ( Stimng rod ) 

2. d~iannomnmnou ( Test tube rack ) 
Y 

5. ns:PJofl~~u"l( Wash bottle ) 

3. nasnnumnisaznlu ( Dropper) 

1. 0.0 1 M Sodium hydroxide ( NaOH ) 

2. 0.1 M Hydrochloric acid ( HC1) 

ni.m:rnu~l#nidi p~ 
1. 

# 

1. Monosodium hydrogen phosphate ( NaHPO, ) 5. Vinegar 

2. Disodium hydrogen phosphate ( N&J-IPO, ) 6. Carbonate beverage 

3. Trisodium hydrogen phosphate ( Na$-IPO, ) 7. Shampoo 

4. Acetic acid ( CH,COOH ) 8. Liquid laundry detergent 

CM 117 (L) 



1 

I 9. sodium sulphate ( N%SO, ) 16. Alcohol 

10. Milk 17. Ammonium sulphate [ ( NI-I,),SO, ] 

11. Potassium nitrate ( ICNO, ) 18. Ammonium oxalate [ (NH,),C,O, ] 

12. Potassium alum [ KAI (SO,), 12 H,O ] 19. Sulphuric acid ( H,SO, ) 

13. Sodium bicarbonate ( NaHCO, ) 20. Ammonium hydroxide ( NH40H ) 

14. Sodium chloride ( NaCl ) 2 1. sodium carbonate ( N%CO, ) 

15. Ammonium nitrate ( NH,NO, ) 22. Ammonium chloride ( NH4Cl ) 
9 9 sufiinimos" 

1. Universal indicator 7. Alizarin yellow 
I 

2. Phenolphthalein 8. Bromothymol blue 
i 

3. Methyl violet 9. Thymol blue 

4. Methyl yellow 10. Bromocresol purple 

5. Methyl red 11. Phenol red 

6. Methyl orange l 

HCl - H + + C1- 

NaOH .- ~ a +  + OH ' 



( Tun / &3 ) ~ z ~ n i ~ n z n i u ~ i ~ u n n i s ~ ~ ~ ~ ~ n a ~ u i u " u ~ u ~ ~ ~ ~  ~~~3i~u1oooutdin'u 

Sorensen Y#naiia!fjiliiien ( pH ) $ # I J B ~ ~ ~ ~ I ~ ~ # ~ # U V ~ ~ ! B ~ ~ ~ ~ B U ~ Q ~ B U ~ ~ U ~ I H U ~  

cia I nisnzmununi p~ q.r rziinntnaiuiSuiun 
d a  I mmzniununi p~ XI rrunm~nnuiSunifi 

nnuonnaiuduiunluni3nzniuoio~4  OH 161$uWuariudi PH 1uni~nrn1~8~du 

pOH = -log[OH-1 
A iuosoin p~ +  OH = 14 
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9 

0Id~lnlmbi ( Indicator ) 
pr 4 n i ~ h d i  p~ ~oam~azniuuon0in0:1~~n~o~a'mfj~dr ( p~ meter ) rdhi~maiml# 

ni~8uftmaoii9urn~ amphiprotic substance iioniuiroiunio1;Td~fiau i4iu phenolph- 

&razrnudduiun nio methyl orange ~~nisa~ni~iun~zijiiin~o~iiazoz~au~an"~ 



H *  + ~ n -  

illupliufi 
( Basic form ) 

, ~m~oai6onirazmu PH qsnii 4 4  id4161 PH o4rznii.r 3.1 - 4.4 a:~#iw?!oa 
X 

~ U ~ ( I J  U4l~oniriddu~iidna~voas"u8i0imoio~vuo~n'ui PH Iuni~nzniul~uazi~~ 

6?fl?uqlld~llltX~8d HIn llnz In - ~i~I#tYllfl:fil~~8dl9 9 
a * ~d 

I .  iuorw"u H + nsluni5nzniu azfii%X~zu~ijd?uiwv~~ H + ~3u"uuuwisPii p~ 
- Y 

r i i a ~ ~ ~ i i ~ r Y i i n ~ ~ n v o a ~ z u u i ~ d u w I ~  kriu5ruuazknil~l$idn0~qnlnuni5 

iddRuuainv?i~31u fii~~divoa HIn iWdu:u ardring8uea HIn Ou' ia i#~?  

d 
[HIn] > [ I d  10 6?iilJ~W azdrlng~lloa HIn 

d 
[HIn] < [I*] 10 i ? i l ~ U ~ d  0:d5lng&04 In' 

I/ d 
d?r PH ~o~m5nz~1~C(d11~n15o"u8i0~m~5idauua1n8nu"a~d~~u~ni~~u"a~n1 h a  

p~ ~o~nir~uRmirn~i daum58~8i~im0imtm ( Universal indicator ) ?#a~nrn'iu'il~i 



1. m.1Am3nuo~mtlucil~$1z~pIgl11n' i d o i ? ~ 9 ~ y ~ u o t n ~ r t a s n  az l6n i rnza iu iduna i~  

~u~maoiClIGnasoz~duvu"cld~d"nuu~Iuia p~ G/ii!Iunmc&l&d litmus nio 

bromothymol blue 
L4 L9 

2. ni~~lrnmus~~~nllci~~az~p~gldspd I U D O ~ ~ R ~ U U O ~ ~ ~ J ~ L P I S ~  az~#msnzaiafiu 

nrcl ~u~'a1moi~lGnasaz~fi9-1v3~~1nl"nuudlu~as p~ di~unscldslkid methyl 

orange 
4 L9 

3. nrRmmmr~n3ndaul1~z1~1a.11ri l u o o s p a a ~ u n i s i s  asl#nira:mu~du 
dd or d d mn ~u2itnimornIvnaroztdwv~clw~dnuu~luia p~ d~dui~adq~~ild phenol 

red M i 8  phenolphthalein 

mi3iqB 9.2 nm ma. auiilgllmefilanqnnldfawa 

adldi.u 
'iu?lfirmof iy p~ dlddau 

n3n lpla 

Methyl yellow 2.9 - 4.0 LiR9 LHGFI~ 
Methyl orange 3.1 -4.4 6iR9 L V ~ " S S  

Methyl red 4.4 - 6.2 6iR9 i ~ n " 8 9  

Litmus 4.5 - 8.3 6LR4 li'1~l.l 

Bromocresol purple 5.2 - 6.8 L).li%9 (IraJl?l 

Bromothymol blue 6.0 - 7.6 rnn"o4 $ 1 3 ~  

Phenol red 6.4 - 8.2 ma"o4 1iR9 
Y 

Thymol blue 8.0 - 9.6 1)1n"fN $1 ;~  

Phenolphthalein 8.3 - 10.0 ' I d 3  (IraJv 
I Y 

Alizarin yellow 10.0 - 12.1 i ~ a " 8 4  u"lmlai4fls 

134 CM 117 (L) 
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"I~ms'la&l ( Hydrolysis ) 

d@?uilrT~slnOn dudaj3?u 
% Puuodriur~AuoPm+olHriiEu r ~ n  

d msn~niuuo~mn'orCm~1u"niiuin~n~~~i~z1~n~~naiu13u1~~w p~ u i n n j i  7 
t ~ f o l f i u n n i s  ~nn"odsztnwulhr i  CH 

a dn  
2. ai~nzniuuasmunwinmBinnam 

l a  nisnzniuuo~~n~srCmu~unw" 
t 
~?#llf!  NH4Cl ~ P l ~ ~ l ~ ~ ~ ~ P ~ 5 1 1 6 1 f % ~  HCl ~ l n ~ l ~ f l d ~ ~ ( i O  NH40H 

NH4Cl - NG + C1- 
2 NH,+ + H20 T-- NH, , +  H 3 0 +  

ldaaain NH,' l # l d s f i o u l d i i l 8  iil#d7: OH- bnisnmiunmna$~ltilH'n37u1(iuGu 
.4 X u o ~  H + l u n i s n z n i u t ~ u u u  nisnzniufl gcf' u i n $ ~ ~ t n m ~ n ? i u ~ f i u n s m  

1#6d C H ~ C O O N ~  ~ ~ d u m ~ u o t n s a d a u u a ~  CH,COOH imz6uaduo.s NaOH 

CM 117 (L) 



4 d 4  
4. gligazaiu~od~na~~~nm~innanahaaziuaan' 

nim~a1urorm8~au'fiUd1u"ofl1u1a~a1u~10~~1nfirpi1 p~ ~riiriu 7 ~Y~dunnir 

miiodrzmnh~illti NaCl KC1 lm:: N@O, 

NaCl - ~ a +  - + C1' 

H20 $ H +  + OH' 

OH- ~unirazniu k~ufrrmfiacii pH iiiiiu 7 ~dor~ifl NaCl niuim1~mn6aI8 
\ 

, ~ a +  AlRZ Cl ' ! 8 ~ ~ f i i 9 ~ ~ ~ d 5 ~ n 3 ~ d ? ~ l ~ ~ 6 4  H + LAAZ OH : 'IU'EII~RL~~IU 

1. Methyl red 7. Methyl violet 

2. Methyl yellow 8. Alizarin yellow 

3. Bromothymol blue . 9 .  Bromocresol purple 

4. ~henolphthalein 10. Methyl orange 

5. Thyrnol blue 1 1 .  Universal indicator 

6. Phenol red 

wuR~u~1flAmof6alm methyl red diuau 3 wumRr~u~nownfi~ou~ldabwn0wau 
d d nru& 12 wnoR n%u~udilfihfiu rjun'nii p~ iazria~fin~dnuu 

Y Y  

4. i l l ~ l 5 ~ ~ 0 1 ~ ~ 1 ~ 4  12 WRQR I I R ~ ~ I P W ~ O R ~ R ~ ~ O U ~ ~ H Z ~ I ~ ~  dini3nwnorXirlAi 
a w d  do 2 n'r do 3 ldd~uu5u~'mlnoi6a1woi~Rudu6ad 2 aunrman 11 



U cl 
rsal indicator lfl~malw€'J¶Ia 

universal indicator  as%^^ a:: 3 nunwfo'orr~~ndil8hi*i4iu $1 

n is i~un isn : :a iu~n~ l$ i~  

2. u"iwaonwnnsulwoio~7 9 wa 
Y 

a:: 2 r n ~  ~ui+19~1$4 9 waon iversal indicator 61uau 2 - 3 wunas 

luiiiazwaon 

- 1. Acetic acid 6. Sodium chloride 

2. Sodium hydroxid 7. Ammonium nitrate 

3. Trisodium hydroge 8. Ammoniuh sulphate 

4. Disodium hydroge 9. Ammonium oxalate 

5. Sodium bicarbona 
d 

3. ainduiinisn::niu~s 9 wnon1dAuuffwidi p~ i i ~ a i i a z a i ~ ~ w u n  universal 

indicator 1 ~ 4 8  1 

indicator 
J' 

1. ~ i ~ a ~ f i w n a ~ ~ a ~ 1 6 1 f a a ~  10 waon ~unariaa~aiuioldfaaslfawaonwnaouii4a:: 
s r a w  2 

waondiu2uwaonnz 2 rnL OURS1Id4 10 wnom flllll::~i~i/h~14~ 

1. Sulphuric acid 6. Carbonate beverage 

2. Acetic acid . Shampoo 

3. Sodium hydroxide , Liquid laundry detergent 

GM 1 1 7  (L) 137 
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%#H U R Z U ? ~ ~ ~  ~ P ~ O ~ Q P  methyl orange , universal indicator l Ki:: phenolphthalein 
Y 

oiianz 3 H U R ; ~ ~  

thud 1 HUR methyl orange 3 HUR 

daui 2 universal indicator 3 HUA 

d?ud 3 HUR phenolphthalein 3 HUR 

1 .  Sodium carbonate 6. Ammonium nitrate 

2. Potassium nitrate 7. Potassium alum 

3. Trisodium hydrogen phosphate 8. Sodium sulphate 

4. Ammonium chloride 9. Ammonium oxalate 

y 5. Monosodium hydrogen phosphate 

3. HUR universal indicator ~ ~ P % u H ~ o R ' ? ~ R ~ o Y ~ ? ~ u % u u o  1 HPORPL 3 H U R W f B U k  

I % C ! ~ ~ I ? I # I ~ ' ~  fli~aenwnnouiiiazna'o~ldi3uu3n'sJ+~roa universal indicator %U 

n i ~ w ~ a o a i  2 ~ u l i o  I domcii PH ~oau~inzm~azaiu  

138 CM -1 17 (L) 
1 

1 



2. m5wl pH uasmlarpnfJnan-69~a liawn~O~GIpl~# universal indicator a!hdrn.li~eru$ 

H a a d  

1 

$UOQ universal ' 

indicator 

alaaznler 

Acetic acid 

2 

3 

;ad p~ ue~ai~nzsriu 

Sodium hydroxide 

Disodium hydrogen phosphate 

4 Trisodium hydrogen phosphate 

5 

6 

1 I I I 

7 

Sodium bicarbonate 

Sodium chloride 

Ammonium nitrate 

8 

I 
I 
1 

Ammonium sulphate 

9 
I I I 

Ammonium oxalate I 



LL\ 4 
3. mmi p~ votnrm-cua en30 ccnrainnd~~0d~~mdardia'0d1~1~~'11~0d~1cncplo~ 

into am5 8 ~ 0 9  universal p~ q m 5 ~ 1 9 9 ~ n  

Vb9 n 5 ~ n l ~ 1  indicator 
44 

LL$ISlPIrn 

lnto Smoj', 'I#~inmi;e 

1. Sodium carbonate , 
2. Potassium nitrate 

3. Monosodium hydrogen phosphate 

4. Trisodium hydrogen phosphate 

5. Ammonium chloride - 
1 

6. Ammonium nitrate 

7. Potassium alum 

8. Sodium sulphate 

9. Ammonium oxalate 



-- 

I 

riioiu 

1. Bmrnothymol blue I S U ~ ~ ~ D V I  



( Buffer Solution ) 

1. ~ n 8 m M f i n Q U  ( Test tube ) 4. fllzYJQflF124 ( Graduated cylinder ) 

2. $?14~nomnfinou ( Test tube rack ) 5. !!w'4!!hnunl5 ( Stirring rod ) 
Y 

3. MnoflMtImIl5'( Dropper) 6. nr:uofl?isl$l (Wash bottle ) , 

g i ~ m i l ~ f l w m m n a e ~  

nisnzniu \ 

1. 0.01 M Hydrochloric aci 

2. 0.01 M Sodium hydroxid 

3. 0.5 M Sodium dihydrogen phosphate ( Na%P04 ) 

4. 0.5 M Disodium hydrogen phosphate ( Na&lP04 ) 

5. 1 .O M Acetic acid ( CH,COOH ) 

6. 1.0 M Sodium acetate ( CH,COONa ) 

7. 1 .O M Ammonium hydroxide ( NH40H ) 

8. 1 .O M Ammopium chloride ( NH4C1 ) 



(M 1-01 (IN 1.0) 

+EN + ,003~~3 e----- ~~003~~3 



miiiu Xiktukunniolamron!~fiooou ( OH- n~"Iumrn:muo~iicmwGd~ds5"di PH 

szdUlfiu 4.76 + 0.09 = 4.85 % R U ~ L ? ? ~ ~ ? ~ U O ~ G ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I U ' I I U " U Z ~ ~ ~ Z M < ~ ~ ~ ~  

p ~ a  + I {P p ~ a  - I ~41fu$4~1~lonrii p ~ a  I#knuimuPlin?'uJ?.~' p~ lunirYii 

nimzniu~ddoi Xinrmdijrnramnpi?1 

acid ) 69h.l f l~~d~tfd8?fl  ( H3P0, ) ~L%I? dofl8~A p~ J ~ L U ~ D I  2,7 lm:: 
2 

12 P~~fiudi p ~ a  uo.an~mdiumiria~iadi~u 



Formic acid 3.37 I HCOOH = H + + H C O O -  

Acetic acid 

Carbonic acid 

I I 

Phosphoric acid 

nu 
a~nl36m~U~lgl1'5azalU buffer ling unbuffer 

4.76 

3.77 

Glycine 

i; gll5azalU buffer 

CH,COOH = H + + CH,COO - 

H,C03 = H + + HC03- 

2.14 

alsnzalu Unbuffer 
.Y L 

1. O.OOO~ M HCI ( 0.01 M HCI 8196396 1 mL W R U ~ U U I ~ Q U Q W ~ S ~ ~ ? U ~ ~ S L ~ ~ W  100 rnL 

HCO; = H + + CO:' 

H3P04 = H + + H,p04- 

12.40 

2.34 

1 9 ,  

2. 0.0001 M NaOH (O.O1.M NaOH ;luau 1 rnL w ' s I u ~ u O ~ ° ~ ~ ~ ~ O W ~ ~ ~ ? U ~ ~ S L ~ W  100 mL) , 

3. Ij;nhbiuau 400 mL ~ h ~ d m ~ ~ ~ u ! ~ ~ ~ n ! ~ ~ b ~ n ~ u p 1 ~ 6 u r r d a  

H P O ~  = H ' + PO: 

H,N +CH,COOH = H + + H,N+CH,COO ' 



1. p.nazais unbuffer dilpladsm.nili/ p~ uo~lanti611s 

fl15'MFla04 

1. pd"iwaommm%rouui3 waom 13 buffer aahiidazwaom q nz 3 mL 

mIuPI1s1r41rl;lrd 

I HIOflIIfltTOV I '' (nl@%111~ unbuffer 

I 

pl a 
2. !anrot$o pH meter I ~ n i s 5 ~ d i  C F I P H I ~ P ~ ~ I U $ U & ~ ~ U &  3 M I I D ~ ~ D U ~ ~ ~ J  

2 

3 

0.0001 M HCl 3mL 

0.0001 M NaOH 3 mL 

4. u"lwaammnno¶J~wdul 3 naam l~unisnzaiu unbuffer a a b w i a = ~ a ~ m  q az 

2 

3 

0.0001 M HCl 3 mL 

0.0001 M NaOH 3 mL 

1 WUR 

1 WUW 



2. a13asnla buffer d~~l~(iQfll3(l2U()%J pH l ~ Q l 3 ( l r : a l ~  

, 

1. dinn~nwnn~ua~i  4 naan 18uni3azwiu buffer aslwridarw=mm q wr: 3 m~ PIIIPJ 

~ i ~ i s t i s d i s d  

008mWGlQOPI gl13t3101tJ buffer 

1 NaH2P04 L l W I  N%HP04 

2 ' CH,COOH LLar CH,COONa 

3  NH,OH N q C I  (1:l) 

4 NH40H . LLRZ NH4CI (1:4) 

I 

m~nmiunrnua:tuo fiimrliun'nn'i p~ d?nM 

3. wunmmzniuo3n HCI naiutbbu o . 0 ~  M ndytdnmnon q nr: 1 nua~lia 

0.01 M NaOH 

1 nun 

1 nun 

1 HUB 

WaQlilWlilglOPI 

1 

2 

3  

M'%lQGlnGlQQPI Q13aZglltJ buffer 

$l13ar:'%11tJ unbuffer 
Y *  

w"ina"u 3 m ~  

0.0001 M HCI 3 '  m~ . 

0.0001 M NaOH 3  mL 

1 nun I 

CM 117 (L) 



Uld6tf1ltI buffer I 0.01 M NIOH I 

NH,OH w4c1 (1:l) 1 wun 

NH40H lm: NH4Cl (1:4) . 1 MUA ' 

\ 

pmniawnaeq 

1 p~ uasaiaaaaier 

' 

1, pH VBJffl7flZfllU&#lJ 

( 6auliu nTm ling lun 
b ' .  

2. d l  pH ~ ~ 4 f f i ~ n ~ n l u 6 . ~ # l J  

( l~Bl%.J 0.01 M HCl ) 

3, 41 p~ V Q P ~ ~ ~ ~ ~ I U ~ J ~ U  

( lhl~l, 0.01 M NaOH ) 

aisazaiu (3) 

0 . 0 0 0 1 ~  NaOH 

w a e d  3 

........................ 

milaaaiu (1) 
v 1 

61na"u 

waon; 1 
* 

......................................... 

milaamu (2) 

0 .0001~  HCI 

w a m i  2 

............................................................... 

............................................................... 



I 

2. a l 3 a r a l ~  buffer i i iHasien13nwqu pH l u a 1 3 l r a l a  

1. rRunsa 

2. riiaJrun 

3. rZa~nsn 

4. iZulun 

5. riunsa 

6. L ~ . I L Y ~ ~  

p~ Bn~djiPUwn~m . 

H13tlZtllU unbuffer 

nisnsniu (1) ..................... 
nisnsniu (1) ..................... 

..................... nisnzniu (2) 

nisnzniu (2) ..................... 
..................... nisnsniu (3) 

..................... nisnzniu (3) 

~ ~ l a n s € ~ l u  buffer 

..................... nisnzniu (4) 

..................... n i ~ n z n i u  (4) 

nisnzniu (5) ..................... 
nisnzniu (5) ..................... 
nisnsniu (6) ..................... 
nisnzniu (6) ..................... 



buffer LLRz unbuffer 

............................................ ....................................................... 

.............................................. .................................................. 

d 
2. brici?uuoamrazaiu buffer n 6 11~:: 7 ij~ndonl3ldduu~1da4~1 pH w ~ ~ n i r  

~ ~ ~ a i ~ a z a i ~ n r m ~ ~ a z ~ ~ n n ~ 1 u ~ 1 ~ a z n i u o r j i ~ ~ r  



( Determination of an Equilibrluh constant by Spectrophotometer ) 
c 

~ ~ F J F ) u ~ ~ & J I ~ ? u  1 : 1 ' ~~u~~rnsiiuudroriidcsi0Ld0d ( Method of continuous 

variation ) 

v 4 
( K ) v 0 ~ n i ~ ~ a ~ $ a ~ ~ u m ~ d . r z n ~ ~ ~ ~ 3 ~ 4 ~ 0 d 1 ~ u l ' ~ ~ n ~ ~ ~ ~ ~ d n S w ~ l d 1 m ~ 1 ~ ~ ~  

p~nsdaflunisnnna~ 

1. mdodfldnlnsu'n 20 ( Spectronic 20 ) 5. %?R?fid%JlmJ ( Volumetric flask ) 

2. 6 ~ a ~ ~ d f l i f a z ~ i u  ( ~uve t t e  6. ~ ~ ~ : P J o ~ G R &  ( Wash bottle ) 

3. Ga6Jfl (Buret ) . Ht70RMRfl8PJ (Test tube ) 

4. flJ:'U0n$7?9 ( Graduated cylinder 

. ls~~i i$i~Unlmn~Oq 

arisazaiu 

1. 0.002 M Potassium thiocyan 

2. 0.05 M Nitric acid ( HN03 ) 

3. 0.002 M Femc nitrate ( Fe( NO, ), ) 

4. Sodium bicarbonate ( NaHC03 ) 



~~~~~~~~~~~~~~~~~17dmou ( Photon ) ~ ~ n n q ~ ~ n a ~ ~ ~ w ~ ~ i . ~ ( ~ u v ~ ~ T d m e , u ~ z t d u  

~~mn~numsaiiunaiud~qnunisd 

I I E = hv 

d 
h = ~ I R ~ M V O J W ; ~ ~  ( Plank's constant ) 

d 
v = naiun 

d KinaiuBav0~lm.r ( c ) d~iiuwn~mvoanaiuuiandw ( A) ~~nznaiun (v ) 
I 

C 
E = h- 

h I - 

a d u  m~oar iondnTnsld7m~~mo~~4u~n~~~uonla luni~~id?ol imnaiu~~u4wvo~n1s 
u w a  d A d nzniuTn~oir~umsq~oaus~n~~oi~~adn1dd1~na1uu1a~au~~~mni1~Xuv1 t u a z k  

A 94 9 d 64 9 

lud~annuanlua ( Visible dnaiuuiand~ 380 m & 800 nm modiimcanlundiu 
A d ~ h ~ d ~ u m s a ~ ~ z i i n ~ ~ q ~ n a " u ~ ~ n ~ ~ u ~ a ~ n a u ~ ~ ~ ~ ~ z n u  ~mu$?~dli#?azii~w"in'nnis 

K ~dduu~~dasua~ii~dnasou~n'mvw ( Electron transition ) T~u10wiziil8nmsauaquonqm 
rr a d  u a d  

( Outer most electron ) W300lnnpl50~dln'~w'~~~ ( Bonding electron ) H500lPR150U 

K ozmouuoaaiqul~alqdu'9~~ln'nw'uaz ( Nonbonding electron ) ! f l b i ? ~ w t h l u ~ 9 ~  
Y '  

ms1~n~uaun1~qnn#u~~n~d~z~a'n~mzi~u~~uaiiuw'~n1~~u~4u"~~azn1s~3u~4u" 



dau ~ ~ r n o u ~ d i ~ ~ u ~ ~ ~ n t ~ ~ a ~ d n b n a b ~ r n 9 ~ r n o i  
A  & A  m~orsdnlnr lvIlmiimo5"i4u in~~~u~~~nooni iuutW"o~id?uim6~o~i ta~d~n~mna"u 

d A  9 dnnuuiann"ud in iu  gdnsdii.r 7 ubirn~o~n~dnln~lullmiimosnl~~lmu~a qld 

ardrrnou4audaupii.r q t d i o ~ $ t d ~ d b :  11.1 
& 

1. ~~~dtriiliinnguacrJ (Radiation sources ) ar~Gartfiu~aomflanau ( Tungsten 
A s s s  d A  

lamp ) dinTuia~nal~aniunnnaiuu~anau 320 nm 8 9  800 nm nfonn~~118lm~iou 
A  

(Hydrogen lamp ) H~DI~~~w~~~Mo~?uu  ( Deuterium lamp ) d 1 1 1 f U ~ a d n n ~ ~ a m 5 1 ~ a ~ ~ i a m  

(Ultraviolet, W )  dnaiuuianiu 180 nm i i d  375 nm 

2. m$B4!WnA&d!!a4 ( Wavelenght seleietor ) ~ ~ B b ~ A 3 9 1 1 i r n o a "  Y/lndlldll~nlmtfd 
A  A I  

oont9unaia~uiannunrnia 7 ?IuoindiiiritI8~~%aIfo ( Polychmmatic radiation ) dud1 

ilkla'6u%u%fl5~1i% ( Monochromatic radiation ) 1ululnslnim~~~rd~znouXa~ ln5mS9 

( Grating ) d?Qu ( Prism ) nfo~nimo5" ( Filter) 

3. ~nuliaa~na.r ( lens ~G~iniu~~an~i~if iruoai in~doonainioai~aa 
p A , w  

4. ¶i~4l!(r'l!&l (Entrance slit ) d i n ~ i n d ~ ~ 6 i i i ~ V i i u i # i ~ ~ u ~ u ' 5 n ~ u i i ~ a 5 "  

5. daclia4ean ( exit slit ) I8iuntiiimu 7 idoninaldu aniuimidQnnrzaiu 1 
6. ¶ioddiwnd ( sample slot ) l#8't9iniuldlwnd $a~d~rii~imnaiuib#u6uoaais 

araiu 1wa~dl f ldm~asa ia iaod1~8uh~~  euvettes ~triid'/auufia~~~umi 1~7fluia.r 
99 9 

! 
a n ~ u n d ~ ~ u a r i r i t ~ a ~ ~ ~ u m i a ~ u i ~ ~ ~ m n a " u i i d ~  w lbi dauiwnrl61fli#?un?on4 

4 9 9 9  
(Quartz) nsomni (si l ica) 1fl#n'iutmc w ~uiamaiuaianiu 220 nm & 340 nm 

mtiluiatnaiuuiann"u 185 nm 8 d  220 m oia#oh$iva6qSiif ilnu iwnddl#na5ar 

# o a ~ i n a i u n r o ~ m ~ n u o d ~ l ~ ~ ~ o u ~ m s i a ~ ~ ~ ~ a n l d " ~ t ~ a a " ~ ~ r G u o ~ ~ r i ~ l ~ t i n a d u ~ n ~ r ~ u  

uu5aiwadtn"mnisarr#oul4 

7. in$a4rnaa~~nn~iU!1'uuo4!igl4 ( Photo detector ) Y/intYidrn~a~imd~uimndu 

u n a ~ ~ ~ u o o n ~ ~ n t v a d l d n ~ ~ ~ a o i ~ a  I , 
i 

8. IA$D~OJGUI~~I (Readout device) din~i~~d~u~~yyim~in in~oam~aaa 'mnaiu  

ibuoaima~~oonuiodlu~ddniuiso ~id1ii'u1nll#io"hJ~8 



Filter Exij slit Lighl conkol 

Lens A 
Enlrance slll 

Lent B 

cirul~ng 

Lighl conlrol 

cam 

~lauiu'h ( Lmbert s law ) llnz nevo~idui ( Beer s law ) 
1 1 

I. nwa.riiauiiib nriniiiuoan.rdi8ua ( Monochromatic light) $~na iuu imnu 

iuadiuiai?nniqldolua ( homogeneous ) ~mdauvoqnaiutb4uvoqiInq~~n5anniqfu 

qml$ozld~uo~hnaiui#u4uvoqltnqdnazwu5anni~fu unznaiuiUu#uuo~i~nqozgn 

idar~uvo.rhnm~qmndul~ludmdaud~w'i5u ~io~uiunaiuiiiii~nqnaiuuiandu 
d d duadi iu~annian~~~i~u~uo~mua~u naiulbuuoidiiin~aznfin~~dlui~uu exponential 

r i u n a i u ~ u i u o q 6 1  4~ i iuul~ununir  l#&i.rd 
i 



dI - = - kdb 
I 

I b 
jf = - k jdb 

I0 I0 
I '  

In- = -kb 
I 

0 
I 

2.303 log- = - kb 
I 
0 

r, . I  -kb LI 10 kb 6.3 IYU log- >= - 7458 log- = - 
I 2.303 I 2.303 
0 .  

6ll# 10 k log- - A rrnz - = a 
I 2.303 

A = ab 

T R ~ ;  A n'afilnl5gclnhlfff 4 ( dbsorbance ) optical density 

a Wadi extinction coefficient MQD absorptivity 

2 
2. nave4d.i nd ia i idormt68n~~0~~andur~ua~ i iu~ana i~ iu~r~ua  Xmdauuaq 

n a r 6 Q n h n n i ~ ~ u ~ c l n a " u ~ ~ ~ z ~ r e l ~ l ~ ~ ~ ~ ~ n ' ~ n l 3 u ~ m ~ a ~ ~ a n n i ~ d O n q m n n " u r r a ~ ~ u  wia 
A nuiunaiuii~icld~uuaati i i i a . 1 6 ~ 1 u 1 i ~ n ~ n i u ~ i j n a 1 u w u 1 ~ u 1 , ~ ~ u ~ ~ ~ n m n ~ ~ u u  

d ' 4 X  A d  ' u  

exponential ~ ~ Y ~ ~ I U ~ ~ ~ U V O ~ ~ I ' V ~ W O J ' V W  V I I V U U L Q U ~ ~ U ~ I S ~ # ~ ~ ~  

CM 117 (L) 



I 
0 
I Gbc l o g L  = 1-- 

I 2.303 
1 

I 
o a G log- = ~ b c  (iUO E = --- 

2.303 
1 

I 
! 

I 

A = ~ b c  

I ,  - n ? ~ u ~ ~ u ~ o ~ i m . r d o u ~ ~ ~ d ~ i ~ a ~ a i u ~ a e , ~ i ~  

I .  = n ~ ~ u i U u ~ s s i i n ~ ~ a ' ~ o ~ n F i ~ ~ n ~ r a z a ~ ~ ~ a o r i ~ ~  

E = molar absorptivity dnJaui3u %.u2 I 

b = naiu~ui~o~nira~aiulu9.odau V,U 

a 
i ~ 0 ~ 0 l ~ ~ l ~ ~ R H l ~ l 5 ~ ~ R 0 0 ~ x l l i f l ~ ~ l  absorbance ( A )  ~ ? 0 ~ 1 ~ 1 ~ ~ ~ d l ~ l b f l 9  (Transmit - 

< 



Unicam 

1rr'~li1n1ri~n1mnu1#~#uua~a1~l~~n1~i~ti1ni~~~nn"u~~n~ua~a1~8aad1~o1~1n1~61u 

dl absorbance I ~ ~ I U P I I ~  l r r ' ~ ~ 1 1 ~ 6 1  8 I t f l ~ h ? l ~ n ~ 1 4 ~ 0 4 l ~ a d  ( b ) ~ ( ~ I U I J ~ ~ I U I  

' diumninaiu~#~#uvaqa156aad1~!fl~u~$~m A = sbc 

( Method of continuous variation) $q1Su3?l$~16q.~~idauvaq511nui ( SCN - ) f i f  nnr 

CM 117 (L) 



ldo~llnu&~ A b d i  absorbance U O P ~ ~ I ~ I ~ P ~ Q U  I l n ~ l l n V I l Y  F Ci~ri i~~daulun 

(Mole fraction) Fc" H ~ ~ W M ~ ~ U ~ U R ~ ~ P  SCN- {du 

CM 117 (L) 





2. i.^uniraznlu 0.002 M Fe(N0, ), 1u 0.05 M HNO, imzn15RnlU 0.002 M 
B 4 9 

KSCN IU 0.05 M HNO, ~4%uli6n%slnQfl ~ ~ w n ~ a u 1 ~ d n z s l n ~ ~ ~ z u d ~ 0 1 1 ~ ~ 5 a u  

i'iriu 10 mL P ~ U A I ' I I P ~ P ~ I ~ ~  

3. +m~rnunimmiui!q 8 nnon14ia 

4. ~ini5mni5n:niui!.a 8 wnomC/w~u~m5iriaun'u~up1f~uiidan~9u cuvette ( Id 
d v 

Cp1 cuvette &I~WHUIIJ ~inzoLii~~~do~oinianiu1u cuvette ) oinu'w+inaiu 

~EFIIFI cuvette $ 8 3 ~ ~  ~ B U  

sriaazaiu 0.002 M Fe(NO,), 

7l.d 0.05 M HNO, ( mL ) 

a HabG101Glg18401 
alaQ:Qlfl 0.002 M KSCN 

IN 0.05 M HNO, ( mL ) 

1 

2 

3 

4 

5 

6 

7 

8 

air  nzniudic5r ( bid ) 14 0.05 M HNO, 

KSCN = 10 ml 

KSCN = 8 ml 

KSCN = 6 ml 

KSCN = 5 ml 

KSCN = 4 ml 

KSCN = 2 ml 

KSCN = 0 ml 

Fe(NO,), = 0 ml 

Pe(N03), = 2 ml 

Fe(N03), = 4 ml 

Fe(NO,), = 5 ml 

Fe( NO,), = 6 ml 

Fe(NO,), = 8 ml 

Fe(N03), = 10 ml 



5. viini~imiimsgmn%uiiaa ( n15nzni~iidnzwnomdnaiauiana"u 

477 nm 1muviini~dmin$oa 
Y Y 

-Visible Spectrometers @I'II{UO;~BU~~~ 

B A 
1.  i%M504 W-Visible Specbometera 1fd53.Jllll 20 U I ? I ~ ~ O ~ I R I ~ F $ ~ ~ ~ ~ ~  

A d 
2. d?unaiauiannunozviini5?'~ii absorbance d 477 nm 

d 
3. I d  cuvette M ~ O W I  2 - 8 R ~ ~ u ~ D ~ % ~ ~ I ~ o ; ~ I o J ~ I ~ Y  

4. 111 cuvette wn0mi 1 ~ I ~ ~ ~ I S R ~ I I U ~ I ~ ' ~ P ~ ~  ( 0.05 M HNO, ) naluhad 1 

im:ilmehii6aviini5d?uii T Iw'lSu 100 % T nioqui absorbance ( A ) 
Y Y 

5 .  ainuiriinisimiirn~gmna"p~iiaaw'a 8 wnom i im~i~l jUindi?5 

aisnzaiu 0.002 M Fe( NO, ), imzfli5nzniu 0.002.M KSCN ~ I U I H ~ U ~ U ~ ~ ~ I P I ~  
v 

dia q iiuk 7 wnom 1~unauq~l~d~~1~1~voaai~n~n1~w'a~oaiv i1n 'u  lo mL 
CIBl A 

nrriuinq 61 absorbance dun ln@ui iaayo lvu iwo i f lu~ao~ ia~~n i~~ i~a~  b? 
~h%PIi(Ilu?afii absorbance oin~nni~amnoad?6is3ai9iili'u 



MtlMI&?t d Fc llU)4+l&&0 

dinirwndo~cnoiv(rsnjid absorbance fiUd?~irsuo~mRn ( 111 ) ~ucmrm 6d0601#~ 

C a, d sinmmRom~norvln~n~~LIduuiwp~nu~~m A, sinZurnnr#umr~oin~n q Id& 

iinuriu I#&RG~ X ~ o ~ ? u I R I ~ ~ ~ N ~ ~ u ~ u ~  F:+ I ~ I ~ I I  5 S MI~PUIRI 

164 CM 117 (L) 

i 

Absorbance H(IoR(IR(IO~! I l l l ( I % O l V  0.002 M (nla%IJlU 0.002 M 



2. niri)iuaw(im4$gl~~a 

oinJ~Euisznii~bnrfiu3~inui 

F:+ + SCN - , Fe(sCN)'+ 

7ssou1?a4~u ( ) 

[F~(scN)~'] 
~rnadnu~n K = 

I 

[F~~+I[SCN-] 

il [ Fe ( SCN ) ] 4 = 0.720 1ifizqfli/ A id1 



- - 0.002 M x 5 mL 
= 0.001 'bun I ?as 

10 mL 
- a 9.4 

csm = 0.002 M x m~ SCN nla~3ubiu, ........ ( 4 )  

- - 0.002 M x 5 mL 
= 0.001 'bun I Gas 

L ~ P # ~ ' O U U ~ ~  [ Fe ( SCN ) ''1 q4q~LLfl~ddllVilfi C 







4. [SCN -1 

I d Y 

................ eii~11ranuuos K di~?unian~niuC~ 3 wnam Lit / mole I 



( Crystal structure ) 

A 
2. LWO&Y lfll3O'fllfl~~flf19 ~a"flLt¶J¶J Cubic closest packing ( ccp ) lln: Hexagonal 

closest packing ( hcp ) 

3. mmidiu~u~non~~~uQuu'rriun~ ( Co - ordination number) unaliq 

4. n l ~ l i i ~ ? ~ ~ ~ i d ? ~ i ~ ~ ~ ~ ~ d ~ i ~  ( Void volume ) 1 t n : d ? r r i ~ ~ d ~ n n 3 n ~ n 3 0 ~ 1 u  

14 Qn ) 

2. uuu6inn~nisO'mZuqln3qarf1qw~n~i~p1 G C ~  llnz hcp 

3. ~ ~ ' i J n r ~ i a n ~ n i ~ O ' m ~ u ~ ~ ~ ~ n a u a ' n ~ ~ n l z u n ~ ~ ~ ~ ~ i ~ ~ m m ~ z ~ m ~ n a  ( Tetrahedral holes ) 

llfi:88nA3:ifl38a ( Octahedral holes ) 



I 61Plnf'll3W(;lab9 
d a d  a 

w8n ( Crystals ) ~ Q u u ~ ~ ~ ~ v ~ P T ~ u o ~ R u ~  F % ~ ~ I Z U U  oyni~niuIuKou~iinu::o'm~u~ 
e rr hiiuorii.ri3ur::$uu Inranh~uo~ayni~luwnnirun41 Inr.rwln ( Crystal lacttice ) 

e a 
iia::pmgu~naitua~oynin~adlu'inr~wnn~runii pmiianfia ( Lacttice point) Xiiidalnra 

cl d  e w wlnoonlddou 7 auiiuui~mnnqmim::wanu~n~Qn'~]ijd51~a'n~m::mno~uuii~un1rZu~ 
d d  d  ~ i ? m a a u i n ~ ~ l u o ~ o ~ n ~ ~ l a " l X ~ ~ d ~ u l n r ~ ~ f ~ ~ i ~ u ~ n d r : : n ~ r  d~unrnnnqmliuniiniau 

ivnrl ( unit cell ) ~1 io in iau ian~ i~odr : :3mn'u iu"1~nw'~~n~1~~u: :1~ Inr~~ ln~~num 

Lntticc 
p i l i t  

ad$ '12.1 htl~1v.4 Unit cell 11.1 IacMce point vowin 



gn'o, a ,  b lmz c aio nir(iucjm6iiimu a ,  

b ,  imz c anzyu a , p imz 7 iia~i~uriuJiilJrGrzuuwa"ni~i~oon~3u 7 n juad  

I. cubic flaiuuia6iiut~tnuuaanr~auivniuia~ii~u ~ m z ~ ~ n i u i u y u u  90 
B 89ffiv9n'~linzn'~ l d ~  w#fl~lm NaCl, KCI, Fd, iraz AU 

2. Tetragonal mai~u~a1~;1n'u~#~no~#1~ ~u#iudniui jnaiuuiai i~oonI~ h9 

tnu#iugiyuiiu 90 o~rn4t;uiinzriu lriu h&uaa NiSO, , KH~PO, ling TiO, 

3. Orthorhombic n a i u u i a ~ i u t ~ m u u l a ~ ~ i ~ ' i ~ u  llvi~iiyu 90 o~n14.~ui~nzcu 

ldu ~ i h ~ 8 9  KNO, , QSO, , KMnO, llnz CaC03 

4. Rhombohedra1 flaiuuia&niu~iuui?~~'in'wi~nz~y uh~ff1u~iu~n'in'u iidlii$i 

t % ~  90 Qrrn du w~nuoc NaNO, , ZnCO, , As , Sb lm: Bi 

5. Hexagonal maiuuia~~no~~iuuiaiW'in'ui~az~iiyun'u 120 89ff l  daugnXiu 

n ~ ~ ~ n a i u u i a v i i ~ o o o ~ ~ i i a z J i i ~ u ~ w  90 o~cn~um"moa~iuiiu iiu wtilouo.r cus , 
Mg , Zn llnz PbI, 

6. Monoclinic f l a i u ~ i a 6 i i u ~ n i ~ ~ i ~ ~ i ~ ~ 1 n ' 0 d  X iu~~~~1udiyu i *1 i~~ in 'u  90 

otni dauXiudniuJi~~uiiu~~'in'u 90 qaniriu&no.r8m idu wiinuoq ~ c i o ,  , 

CuS0,2 %O Llaz N%B,07 10 %O 

7. Triclinic naiuuia6iiuh~niuuia1iliin'u imzyurzwjiaXiu&rnu~it$in'u 

JYYY 

Cubic 

Tetragonal 

Orthorhombic 

Rhombohedra1 

Hexagonal 

& i u u a ~ ~ r l a a ~ r u d  

Monoclinic 

Triclinic 

yu ( eacii ) 

a = b = c  

a = b # c  

s f B # c  

a = b = c  

a - b  f ' c  

a - P - y - 9 0  

a - P = y = 9 0  . 
a = P = y - 9 0  

a = P = y * 9 0  

a =  p - 9 0  , y - ' 1 2 0 '  

s f  b f  c 

a + b + c  

a = P = 9 O * y  

a + P + y # 9 0  



e = b = c  Body mnumd ( I )  
amp-7-90' 
Rimiliw (P) 

Cubk 0, 

a * b # c  Body Bnlaad ( I )  End ccnImd(C. A, ardl Face ~ r a e d  IP )  
a-f l=y=#P 
Rimidve (P) 
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,' , 
1. LLUU535URl ( Simple cubic H ~ B  Primitive cubic ) 

2. L L u u ~ ~ I ~ ~  ( Body - centered cubic ) 

3. ~ L Y Y  tl~1911dl ( Face - centered cubic ) 

Simple cubic Body - centered cubic Face - centered cubic 

3 LLPIPI~O simple cubic , body - center cubic LLOg face - center cubic 
9 

n~~onudiio~l#niuluww"~wdaui~]~aa"ii~n"u~~ij 



I. I~IJIJ$W~FII ( Simple cubic ) O Z G ~ U ? U O ~ ~ I ~ ~ Q ~ A ~ U ! ~ ~ ~ ~ R  II(I:YUII~:YU ' 

uocgnuin6!c 8 oy ninuirmlmfh ~ws.mnu#adiy uo~~o~~dawuo~gnf~inn"!~ 
d &# 

11dm14i q 6u f i~$u~n~in~1~inr~f l~~cw~u0z1&1u8w~~nnu~dbdin"u 1 l u  8 oymn 

114 simple cubic G w ~ ~ n n u o ~ C f ~ u ~ ~ ~ u m ~ ~ d m a y n i n  ~ i 6 u ~ ~ m n 0 ~ d ~ ~ ~ q 1 1 d m ~ u 0 q i  

I /8 ,itom at 
t4 corners 

a 
\ 

nl~hidfuicl5&numuoa simple cubic 

81bf v = d3uin.ruaeoy mnd~nod'au~aaa" 

I a = naiuuiauo~Eiiuqnuifi6 
r = ~~Guosoynin 

k$u8o~ninaiuiiu1Yuf s ~ ~ i ~ 1 ~ n a 1 u u 1 a u ~ ~ ~ 1 u ~ n ~ 1 ~ 6 1 1 ~ ~ 1 d u d 1 ~ ~ u " n n i c u ~ ~ ~ y ~ 1 ~  

riou B~~:IMI a = 2 r XiIWY r = 1 P L ~ U ~ ? U I R ' I & ~ U ~ U ~ ~  simple cubic 

11nzd3um~uoaAiiq ( Void volume ) lund~a.m&rii 
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2. 16UUngn4ib ( Body - centered cubic oy rnnoddyuis i~~m~in~~  

Y 

~ I ~ ~ I ~ ? u I ~ ~ ~ ~ H U ~ ~ P I ~ ~  body - centered cubic 

(uesoy nin 

a = n a i u u i ~ u o ~ # i u ~ n ~ i d  neimsyuidn.-#/iw 

b = idumnssyuuospnuifl6 

~ i n n ? i ~ ~ ~ W ' ~ ~ M i ~ ~ q ~ ~ ( u ~ ~  Pythagorean 

X i ~ a n w i ~ u ~ ~ r n u i ~ B u u  abc ~ t l b ;  c 2 = b2 + a2 ............ (1 )  

~ ~ R : ~ ' ~ I ~ W ~ U ~ J ~ ~ I U I W ~ U ~  baa ~ z l M i  b2 = a 2 + a  2 .........,.. ( 2 )  

rrwwAiaunis ( 2 )  nslw ( i ) o t l f i i i  2 2 2 , 2  2 
c = ( a  + a ) + a  = 3 a  

c = & a  

Y 3 hld r = 1 azljudiuinr&wufi(uo body -center cubic fit3 a  - 12.3 6a.f~ 
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d ~ w  4 
~mzdi lnaruot l i i t  ( Void volume ) Iuw~~uirnninlnu 12.3 - ( - n r' ) x 2 1 

3 

3. 66uunnl4w$l ( Face - centered cubic ) O:~blU?uOynlnod~yU&I$R UQn 
d w  d d V W  d t  A ain~ruoymnnwuim~6uotqn~i~n~t 6 n61 ~tiidnzoyrnnulitdaun"uanp1i~n"d~~ 

Y 

n 1 5 ~  1 ~ 0 ~ 1 ~ 1 9 f l t H ~ ~ ~ 0 9  face - centered cubic 

4r 
a = f i r  74% - 

XilX r = 1 azhd7uimnftwuauo.r face - centered cubic a3 = 22.6 ?i'a$u 



d?uirnruoqoynindo~od'au1c11aa" oqfffil ( r ) Biirrii6~ ( - 4 x  r3 ) x 3 
3 

irnzd3uirnruo.rdiia ( Void volume ) 4 ln'nr 22.6 - [ ( - x  ? )  x 3 ] 
3 

r n ~ L l i u ~ r i ? u s ~ a  y mp11~01fd'au~in 

nirkliuthuo~oyninluw s~lluudrhl~liifijotilqod'oudqfi 
liuniinirliu~si?liuu~wdqw ( closest packing ) imz~iuu~iil~~iifi ~ 0 9 ~ 1 9 1 0 j o d ' o u ~ ~ ~  

19 d liuoiinirliuthuuula~fiwqfi ( Non - closest packing ) gq1dd 12.5 

lu'bnrtwn'nldpnui~n"dri~wSniwv~~niru55~oyninu face - centered cubic szuin 

n i l  body - centered cubic ilnzuinnji simple cubic ~ u ~ ~ i ~ u u v ~ ~ m ~ l i u ~ ~ a i i u u ~ ~ d  

q f i n u ~ u ~ ~ m r ~ l i u ~ o y n ~ ~ a ~ ~ u d i ~ ~ ~ u n ~ a u ~ c 1 1 a a " o t i ~ ~ i ~ ~ z ~ w ~ n ~ ~ u ~ n i q  ~oiiuau 
B oymn~szo~~n~Sfi6u~~uind4fivo~~i~azoynindo~~u'bn~~wa"nvo~~od'au~c11na" c11taz 

liunii tnooi~lu$u;aluoi ( d o  - ordination number ) ~ 4 l i ' W  OYfllflllUU simple cubic 
d r w  

ezi'bnooiSiu~uw'uiuoa~vinu 6 
1  

d r w  d t w  iuoslwinu 8 i~azdin?uiiuu face - O Z ~ ' ~ ~ D U ~ ~ ~ U ~ W ~ ' O J ~ P I O ~ ~ W ~ ~ P I  12 

~iinulnoo~~iw~uw'uiuoid~uinwn'n 

lu'bn~twiiniiuu~fi%qfi~iu15no'fi1# 2 iiuun'o 
n d 1. iiuutns~nh~afinqfi~dienc11z'bnuoa ( Hexagonal closest packing , hcp ) 

2. uuu'bn5t~~l~?fi~~fi~dOnulffn" ( Cubic closest packing , ccp ) 
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1. uuuln~qmhq2ndqna~tan~zbnpdoa ( Hexagonal closest packing , hcp ) 

, ,Y 2 oyn.rau 12 gn iio ri14 3 gn uu 3 gn!Lazb;iuii~ 6 go iiuniifiTnnoiiilu$u - 
d r w  u'uiuosminu 12 <?aiiq~nsqnficlluud~~Llfi ~g , z n Ni 





.4 r e  

Simple cubic 

Body - centered cubic 

Face - centered cubic n i b  Cubic 

closest packing ( ccp ) 

Hexagonal closest packing ( hcp ) 

la Jnee%" 

A~uiiM 

6  

8  

12 

l2 

di~asdeymnvioosM'a~11qnd 

8 x -  1 = 1 
8 

1 
( 8 x - ) + I =  2  

8 

1 1 
( 8  x - ) + ( 6 x - ) 4  

8 2 

1 1 
( 2 x - ) + ( 1 2 x - - ) + 3 =  6  

2 6 

1fl~<~~~eqosdau~o11gla' 

dinr~nnudurrpoi 

[-1x1 = 0.52 

1 

a3 

[ q X 2  = 0.68 

a3 

[-1x4 = 0.74 

- 
a3 

[-1x6 = 0.74 

a3 



1. d0da'iditw3~lnlaa ( ~ e t r a h e d a i  holes ) idud~a%4d5zn~u8auw5~nau 3 

nrci~8uub~tYi ( Tetrahedral ) {dZdd 12.8 
1 I 

Tetrahedral 

Tetrahedral holes 

2. t i 0d i i~~~nol~r in3~a  ( Octah rduiosii~dszneu&Cauw5~na~ 

6 O~Ruariugna~~uiuirlrmiiaz~n 3 tprjuuiu 2 .raaiqwuR 6 gn i ~ p j i p i ~ r j  

~ Z M ~ I P Q ~  mn 6 ~ynim~~ln'ui~uwld W ~ I  (Octahedral ) ~-3~114  12.9 

Octahedral 

Octahedral holes 

IJ~ 12.9 ~n~wziodiid..nn~z~n30a 
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~ a ~ u u u i ~ f i u ~ u i r k o a ~ 0 9 W z  1#i1 cubic hole ? octahedral hole > tetrahedral hole 

k&niui~oiiiu?urnuuin80~w'ua"vo~ ~ o a i ~ a ~ i 6 n n ~ ~ o u ~ a ~ ~ i " 1 d u ~ ~ ~ ~ ~ ~ u i ~ a ~ # w ~ ~  

a i n l d l i a i i i u i i  l o o o u u ~ n a ~ i i u u i n ~ b n n i i ? o ~ ~ u ~ ~ ~ a ~ z t ( t ' i l d ~ ~ ~ i a ~ a r " u w ' ~ l ~ ~ ~ u a u  

3 ,  ~ a o o u  si.lduain4iiuuoa~iuiwduu ABC u'r~fii#iu AB = BC = AC = 2 i ,  BE 
I 

= ; 11Rz BD = ; + ; I ~ O ~ U ~ ~ ~ ~ U I W $ U U  I . ABC I S U H ~ U I W ~ U U # I U ~ ~ ~  daYu 



looounran (r') 

looouanr ( i ) 

U04yN ABC %iVil%I 54 44 '  

AD 
- 

d r 
ointflumauu ABD ; d l  sin ABD = - = - 

AB r+ +r- 

looouanr 

looounran 



BD 
- 

r 
cos ABC , = cos 45 = - = - 

AB r++r- 

94 
38fl119161389 I 

1. Simple cubic 

~unirnmaodd u:~$nilaJoa1~uuuuo"iaoa11&1uo~ninuoao:~oaw~o~ooou~1 

3 ~ 4  12.9 itan~iuiwvo.ra~mnh sjmpnple cubic 



4 2 
2. duqnilcrdoqtn 4 gnncrlu~d 4 ~Aouuiu~nrawanuoonw~~rrnu un:: 

ituqnilcrdotdn 6 qnuin~d u nslu.jd .a muunu y im::i;uqnilrdor8n 9 

g m i n d  n nnrluld 4 muimu z %;uu::l&&nun s nlj?awniGiqd a 

6. iiiu?0mid?uimr~4i~lu~u'aur~aw" (Void volume) 



7. huau1moo~5ilu~uljU~uo5'u~a simple cubic 

2. Body - centered cubic 

4 V I 

3Jn 12.10 ucm.r+'uue.r~yn~du body - centered cubic 

I .  lXalapn3ado.r$ud 2 aauuhi I aa8uaiagn~Pdoq&d 3 aauuRi 2 
s A Imulhuianuuoqgn3qdoqlu~u~ 3 prls~6uwmu1umuuoagn~ado~1~1~~ I 6n~cu~  

uoa body - center cubic u Z ~ #  6alJ n i i n ~ ~ d  u 
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2. ~ 1 ~ 2 1 ~ ~ 1 2 ~ ~ ~ % ; 1 ~ ~ ~ 9 ~ i ~ n "  WOJR9189 body - centered cubic !$oin 

6. iiiu2mmd?lnmr$jir ( Void volume ) lu6mou~ot~  r 

8. ~ 1 ~ 2 ~ ~ ~ 0 ~ ~ 8 6 ~ ~ ~ o d ' ~ l p 1 0 s " 9 1 0 9  body - centered cubic 

CM 117 (L) 



3. Face - centered cubic M ~ O  Cubic closest packing ( ccp ) 
9cr d I ~ ~ ~ m ~ u ~ ~ n ~ ~ d o t ~ m u l ~ ~ ~ w a i ~ s r ~ i i ~ ~ n ~ ~ d o ~ & ~ ~ d ~  12.1 1 

I'd$ 12.11 HtTG14hdiru04Bymfi face - centered cubic 

,Y a 
1. aiapnilsdosaun 2 nquuifud 1 ~~uld~l~iwdquoaioqi1quoqdud 2 rrqnniq 

I 
~drrariu~nilqdo~i! s uoa&C/ 1 a indu i r~ i~n isk~ i i rnd~1w'~n~~do~d~ 4 pn 

uo9Rd 2 ojuuiui: 1 i.mu 



i 
4. l i iu?ol~id~ui~rd~ia1~)1u'au~~nn ( Void volume ) 

............................................................................................................. 
5.  ~IUWTFIDD~SLU%UI!'I.J LUO$UOS face - centered cubic 
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4. Hexagonal closest packing (hcp) 

~~$a~uqgn% do-~&~dd 12.12 

12.12 blam48Mlliuua48 mfl~M hexagonal clo8est packing 

.................................. ......................................................................... 



- da + A liri c l  na~i~nnlooou ( dsrpum ) ?&id Na .ad ~2 IU NaCl o ~ ~ o y n i n i i i n  
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d d  d d r  
3. 1rnn~m.r i i1uaru~i~do~~~u~uo~d3uim~~- i i  ~ ~ ~ ~ I W I P W ~ M ~ U Q J ~ ~ O ~ ~ % W ~ M ~ I ~  

UQ9 face -centered cubic 

............................................................................................................... 

............................................................................................................... 



7. nirciiw~cunr k ( PIJ ) l q d u a ~  face - centered cubic iacttices 





( Periodic Table and ~eriodic Properties ) 

- 
,?j'rn~d~zmdn~~mnom 

1. ido8nvinuu3 

2. 8miio qqiintl&iaz&w~nozmouuo4aiq 

3. i d o 8 n v i n ~ l u ~ w i r i u ~ ~ a i q ~ w ~ ~ i i n z n i u ~ ~ u ~ n ' u  \ 

gdnrh~nnoa.r 

i d u n i w m i ~ i ~ a ~ q d i ~ n m ~ ~ ~ n ' n ~ ~ d ~ o ~ a ~ ~ i i a z n ' ~ Y ' ~ m ~ u m i ~ ~ ~ a ~ q  

nqujrn~ntlaac I 

m~~i~aiqnriui la~Y'u!&ds'uu~~~nmi~i~aiqo Mendeleef Q P ! & c R ~ I ~ P ~ I ~  7 k d  
aiqdlc 7 !&~mdu4miuifWn'nd si?muiyu'ofiqhv&~zifiu~3i~nm~~i atomic number 

# 

1 ~ ~ ~ 3 i ~ ~ ~ ~ d ~ ~ ~ d 0 ~ i f i ~ ~ 3 i i ~ ~ 4 ~ 1 ~ i ~ u ' n 0 ~ ~ ~ ~ ~ ~ 4 ~ l ~  ni~~mdu~aiqmiaiiu~uow 

IY~u~muozmoui~uw59"nImudu~iauozmou0indotl!4Jwiuin Qtniqmiuriu3uouirun~i 

niu ( Period) ?I?o oyn3u (series ) $41oi83Clfh 7 ~ll!&l 
# 

1. mud 1 851~6aw'Ufl 2 I fl atomic number hiid 1 2 
# 

2. n i ~ d  2 h i i f l f 1 4 ~ ~ 1  8 514 8 atomic number &itd 3 8 4  10 
# 

3. mud 3 iiaiqv%nu~ 8 aiq atomic number idid 11 & 18 

4. niud 4 flaiq&num 18 aiq ii atomic number kud 19 84 36 
A d.4 * waiqluniud 4 az8aiq transition elements sauodhu 10 aiq ~oaiqsruihid 

atomic number 21 84 30 
d B 

5. mum 5 8aiqanua 18 aiq 8 atomic number &iid 37 54 w 
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d a aiqlunivn 5 drznouhuaiq transition elements on JO aiq~3aa$nu i?oaiqff4u 

iqld atomic number 39 $1 48 

6. RlUd 6 ~ l l ~ l f d W U I  32 514 ir atomic number &lli 55 $4 86 4 4  

aiqluniud 6 drrna~hualq transition elements 11 lanthanide series En 14 
4.4 mq n"oaiqn~ru&i!6 atomic number 58 $4 71 

\ 

d d 
7. niun 7 n?'rDd 32 ~ l q l ~ l ~ ~ ¶ l n  6 1 1 ~ i l ~ ~ D ~ ~ ~ ~ u o ' ~ a l q ~ ~  atomic 

e a 
number 109 IRUI$U~UDI~ Fr W4fllVA 7 UU atomic number &Lid 87 & 109 

d.: drznouhuaiq transition elements imsaiq actinide series 8~a;lqnaukuPi atomic 

number 89 103 I 

naiuilur*~otai~1uniuinaiUilu~o1i$iqd 

nljoon~Suno~ndlnOj 7 iianj A llnrnd B riau inert p e s  W~~MI~I~WNSI~UAEY( 
w 

(Representative ) ~ z k o ~ r n ~ u ~ l i i o q ~ v o c m i ~ i ~ a i q ~ ~ ~ ~ n ' ~ ~  8 A 13.1 {~U'W 
d w  K n~iuXuriu~vo.ra~~luniuil~~i~duw'isra~~u 



Main 
,,, groups. , 

4.4 a nlj A i+acin 1 A {q 8 A unruisndazuaoiwnkd 
B l4i 1 A GUflil alkali metals 1 L Na,  K ,  Rb, Cs imr Fr W9 

, am3u H iwnri~uffi~ldkodlu%iq9anr 

nlj 2 A ZfJflil alkaline earth metal 1Pirimlq B e ,  Mg , Ca, Cs,  Sr , Ba 

ring Ra 

l44 6 A ljfJfli1 chalcogens 1Alfinlq 0, S , Se , Te lit?:: Po 

n i  7 A iiafl<l halogen 1&ld%lq F ,  Cl ,  Br, I lmr At 

144 8 A lianii noble gases ilia rafe gases !&dais) He ,  N e ,  Ar, KT, Xe 



?4RLi5n Fe Co- Ni . 

B aaalqluni B iflu~anzianudliunil alqnrluQi7-u ( Transition elements ) Iumr1.1 

s1Plazd i#uhr ju~~~iur lna7u~gu~a~z i~azola~z  bualq$8no~rilli#uii'~zdganxIsJ'8 
B 

I 

nao~awzi~azlanziJundi iubnod ( Metalliods ) ~lPIiu<aaau(imdl~.lkiriaiq B , 

S i ,  Ge,  A s ,  Sb,  Te,  Po imz At kEdd 13.2 

18 
Gnrup 

M ~ B I ~  metalliods 

QzPlD¶J W ~ ~ ~ ~ ~ U ! Q Q Q U ~ U W ~ ~ U  ( Ionization energy ) %hlh5~nlf?z ( Elechonega - 
tivity ) ~iiin~lr~udLJqCR ( Electron affinity ) IRMROUMfYJ ( Melting point ) PRL$OR 

( Boiling point ) i l ~ ~ ~ ? l ~ l f l ~ l n ~ : h ~ ' b n ~ %  

I. U M ~ W V I P D ~ ~ O U ~ ~ ~ ~ ~ O O B M  ~ ~ i ~ ~ a a ~ z ~ a u ~ z ~ n d a u ~ d u  angstom ( A' ) ~IUIR 

dY t w w a  e a d  u o ~ o z n a u ~ z u u o y n u . m u r z n i ~ ~ M ' a ~ n " a ~ n n ~ ~ i a n ~ r ~ u ~ ~ u ~ n q ~ u ~ ~ ~ z m u  chrzuza~n 
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~ ( g )  + IE ,  -----+ , x + ( ~ )  + e '  

B a d  w a  e  d 
IE I imu~i~~~ciu1~m1n~o~anm~ouo1a~1~uc~an~ino~moo~~nniazn"1~~uni iwa'~~1u 

Y d  A 
luf l15in^~~00~U!~r l%4~~0d~HW9 (First ionization energy) LJW 

Li (g) + IE I ( 5.4 id mole ) -* Li t(g) + e, 

Li + (g) + IE, ( 75.6 id mole ) Li "(& + e i  

Li2+(g) + IE,(121.8 Wmole4) - Li3'(g) + e3- 

Y d e '  , : a  a z i d u ~ f i i i r i i n i . n n " w ! ~ a o ~ u i ~ ~ u ~ w ~ ~ u ~ ~ ~ n a i ~ f l u ~ ~ ~ ~ ~ ~ i n z ~ u d n i ~ ~ o ~ ~ n  7 azmoa 

nimqdn'iloooulu~r~uluiud~ioJin'ioJin idoaainm.i$cro/i3utin"nm50u!d JiiInY 
' A '  m 6 ~ i m s ~ k ~ n ~ ~ ~ ~ i ~ ~ 1 d n f l ~ o u n ' u d a z ~ v o c ~ a 1 n ~ u ~ i w " o ~ ~ u 1 1 a z v u i ~ u o ~ ~ o o o u a z a ~ a ~  

~ z ~ u i i . r i f l u m ~ u i n d a ~ ~ ~ ~ ~ u ~ i ~ n m ~ a u l d t n  ~triil~$u~nio~~0alhnj~iuuin4~ 



c a 
13.3 nnu~uw'uh::~~irdini%1~i;iw8aa10d?~~~?0d~v~od~ 1 

+ 

pin2 dd 13.3 1 ~ u n n d i m n ~ ~ i ~ o a ~ ~ u ~ % ~ u n ' u ~ a u ~ ~ m o u v 0 ~ 6 i q ~ ~ m ~ ~ i ~ ~ i ~  %.aduu-~ 
' I  Y 

~hin'auu~iuniuun::nna~miun~ &riutiiniiJtiulooo?u~~%uu::uon.;i~~i~d~q q a:: 

~ ~ ~ i ~ . ; i ~ ~ l ~ l u J f i ~ ~ ~ i ~ i ~ ~ ! ~  # 7 6 l q ~ n ~ ~ 1 ~ 0 0 0 1 ~ I % $ ~ i l  ~0~1gh67~~~04??66aL$l 

I srd d 
uonq~tiuu'~mi;un~~uvu $ilnomnmsou?tuontlqmuin 
e a ~  aaun~?ooo?u~g$utdu&~ 
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diwiund 8 A !&if! Ne , Ar, Kr,  Xe iin: &-I ~:ijnisQdua~~uo.rdidnmroua~ 
w a d  uonnru 8 uni% H e  Bijniramoinn~souaawon~~u 2 dii%W%Qut~i~U 



IE = Ioniation energy ; EN = Electronegativity ; EA =I Eleotron affipity 










