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&5)08 (BE0E woed (HB8ETenHen, wenHen Soe 888 Sween) SO &) K)mgo Qo).
HBKee0.

IS o B0 erdS HiSo Ty Hob ¢if)DoDos, HY wo By, BIV FEBIB
(R BIaHD TRDE B LG Hod JosFore (B0 edTrhoT. af IrSE Sergo
3308_265’30)&&, NISE v o8 éospée'i‘s %9?8@"503 0PN BB S ﬁ)@poiﬁa%gm‘é). Te) ‘éogpée'i‘s
éoéw, éwgo b@é&ééﬁé ©OLHE IS HBSen)en, wenden, @“63&@ AeeY, DO
BB (PFWE woTod HHHPBoSTIS el Yogry (Hirno w8BH0r Bue TBoe: Hog
Zéegzéa’ﬁboémﬁ)% “Kasd” a8 Qdogrg 07eS5. $Kard  Derersost Sk & Qogy 000 Jodo
36{3%30@63.
1.4. ©3mE° Horoto

&8 Sorgo @) IS ©o8 SO 0.012 88 rine Soe 2GS ~12 oSS @0y 12
((Pdwe HEXTenen oS (PP 0E ol EOA &) S0Eo @ LD ersos® Hrdo
BeBTNIW. S QB0 03B a8 éw’go @wé& S0z FErSos?) EHoPimrl8 a8 écg@@
50008, BIS® &) (P Sortre Sogy HHH Bend Soe vice versa. KOrP 12 [rrawe
@6@5—12@3‘8 Q) DBXTE0He0 éﬂf&o‘ﬁﬁ SR eéo)é&éazé)égo&. & Jogy (AIrrEgonr
DBan0oTeEod B (NS0 @IrHoteld Dend 6.022045 x 107, @othdy 1mol = 6.022045
x 107 ed@xen Sor Sere, 8o $85rmden S v, odd sbmrd)s HRraTro S8
& Dogyg 6.023 x 1038 50080 D00,

BE0K50B Hogy o) (PPHE WEPSS oKk el BFOEDHS TPRDY B Ererodobaiod
ORED® o mE. & Jomgd QEa0oDSHPEER oS TE T F8argo.

&3 Doggd o el Sogyg o OB, &3 K)oaa?gé‘s Fren 05070 @08, 6.023
x 102 ©@0t%Hde 1 mol! &IV eSrrE Qoeo8o wotrd. 8l NA @S Q0 wegoe KodRR.
RASHBore 2.8 QDoggd 2.8 C57Qe5 BEJ [E)E S éo){wlom &0OT°O. @ém@s o), Doz
6.023 x 10” derod chrdeS &0l 520 OIPE @0E) Yoo Frd Fol) chrede EON
GOENOB. oKLY BSTPE" FE) JTroso, NA=6.023x10% mol .
oFmE’ D) RTP0E0 ook, (FPooggd

0.012 kg Sae 12 [(rdwe oS -126° a8 Ird H)S HEdreanhen GIaH D
B0, IS ©IB 6.022 x 107 8OA &) Hrego @nE) Fwdorr AENOBHEY). S°GS-12
SwE) a8 IrS @ Hdo BOSPED, 6.022 X 10%° @ @go. S -12 &) HBLrende
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Bogg [Sargo k) BEo (FPEDE w0 Srdonse
1 HBS;e ErHos® soi Na, K, Cu HSo8 Soeerseen HBERT°E0)
2 |wend SrHost &) O, N, HS0& Lresren €9€305)
(O,), (N,), (H,)
3 |NH, H,0, CH, Hod HBHren Saytaren @)
4 |Na $08 ecsrSen , Cu?, Ag', CI", O ©905eS
5 |NaCl, NaNO, K,SO,%0& ©0H§ Saiytfaren Feer chrREs

(BSgo°8 DB 12 ((rsioen. &8 (BS50°80 SPGS-12 ToE) Irerd (5078 @oerdd. Irerd

(E5550°8% 2.8 Do @) 136 (55535078 (TPEmed®)r QBDRL. @GP, ABT° SeBo

@Boo) IeS 6.022 x 10 Sezren S (FPHNE woen EOA 60nod. wans,

(PHE OB BT JggrHdo S ol addS o“amgo BooE), EPH0 2 SPPEIE &0nod:
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& GOS0 KyHo BRow.

Qoo a8 PByee 05 SE ol DT e /eSS0

H,0 H &%) Both H88rensden 00 O GwE) a8 HB0e0)
NH, N Bo08) 2.8 H85reansd HBAD H Boog) oot Hmeansden
NaCl 2.8 Na* @airs Sddsw a8 (] ion

NaNO, 2.8 Na* ©dird $odain a8 NO-, ion

K,SO, 8ot K* e9dirden $00dsw a8 SO2, ion

Ba,(PO,), ot Ba? e@dirden s08diw Bog PO3, edirden

BIPLD, VG V5P B/onge) &Pt oo HBaw T8 oo B
TASED (FeF 0 Horere dogg @kBorElTzo.
1 J°S C =6.022 x 102 C H8500ea05)en
1 35 0,=6.022 x 10 O, eeaohen
1 376 H,0=6.022 x 102 H,0 omHeo
1 mole NaCl = 6.022 x 10** NaCl &%) @°63&e7° [OVSVLEAIN

1 IS Ba?* e9dieeen = 6.022 x 102 e9oseaen
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0.53»$ O,=0.5x(6.022 x 10)**) =3.011 x 102 O BooE), ©ENHED
0.1 376 0,=0.1x (6.022 x 10)%) = 6.022 x 102 O Gn¥) BeHen,

1.2 2088y @¥eo

1. &S Troiod Go¥) Sdrars® 4.22 x 107 3(@esd weniden eaom. JBed Toand
A ey Gotnoh? .
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Bavei)é‘s 8805087

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

L.5. 3rS, (($50°8 S00ako bozyg

0% Beotd 1 FrS = 6.022 x 10™ ozpen Hodm Jrerd (508 Hrgo Ewd) 1
IS (B5550°8 = 6.022 X 107 (PFN0E wozre (($HT°8. D08 S0 SYDBERTT ([@PENYE
©90¥0 VIO HBETENY), ®eNY), VTS Soe @°6aée5° CoeQed BoHR). S - Dogy Sowogrdd
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e—soééc;édﬁa 2:39)080 (HEP80 DBHED, HBeRd (B50°8R _§38°&2663°<°0§ (B50°8 (©7°ea0
DED0LE0H. 8 00ILD DD 1R HBKre (B8 el HBakd T Do
‘@i’ &8 C-12 HEIren) @) (B5o°8 SBrel2 amure BB 0oerd. @ohHes, C-12
HBETe) &8 DFore HAB0E (HSreso. [57005)] S8Eea0 ($5550°8 S 86 2.8 S°G)S 12
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DBXoreD) @Széém%és 1/128 $0&H% $&eSPHS ((550°8re dgkDosadod.

mass of one C-12 atom
12

BT (555078 AT @ Eree @otrd. HEEE SEErm (($X50°8 [HErne B Ao
‘oS, HBee (5535008 QS So) T8 2 c°§g5 QoS Da). Bo&d Peedore éé@@_ﬁ@éﬁ
GBOXPA00E0E06.
1.5.2 FDF H8kmen $H0kn wen (555078

HBESToe0 @625?30"% ISy 20-12 58550205950 (12C @9 ot e90trdD) (Frsedsore aoéaéazé&
FF (o&@) @ % Benn. & (B3350°8R B8P 1217 ABI0EPE. HBETENHED 585N e
RFS § (5355078 BB 50 DG Sarerster EFHeS EOA &) oreseen HBA% @33&%4@@58
SgRPOFPED. oY, W VD HEXrewen DB weHe (BT GHRPACNERS
[RVETPW. WOLHE

1 amu =

< a8 H0rel HEme Dien (B50°3

P E DELen ((5850°8 =

2.8 C-12 HBrea (($3550°8S° 1/125 Hod
28 Sorod ©eny) Jifen (B550°3

DG W (3350°8 =
2.8 C-12 HBmen (($50°8E° 1/128 Hod

2.8 0-16 H8Swed a8 C-12 HBEeed Z0& 1.8333 By ) G0N (HEereen
Ben@THow. & JFore O-16 TwE) T, HBLTed (8535078 =1.333 x 12 =15.996 ~ O-16 &
Sorosee P DB (5550°8 BE 0365@68 Doz, FOF e ($5550°8 Eree 8d
KJCS@@S‘S BRerrdSorr ABonosHy). &l @) BT F0SBBo LB BIY IS o
DBETEnHe Pag Do (55080 &8oBio TR Pl g W (BX5TeaR ko B80S5DD).
B P, wew ($5550°8 ido B&zro, H,0. B PO we ((5550°8, H,0
=(H @Dé&@ g DBLee ((58350°8 2 X) + (O &) 1 RS § DBSeen ((5350°8)

=2x1)+(1x16)=2 + 16 = 18.

T, HESTen $0B05H e (B50°3 80 Qdoggen, Soden B (HSree0 B HOLTeeD.

1.5.3 385eew, @ew S0 B (35008
BBHea (555078 CHrRET Goo¥) DBSH0 H00&, b0 HELreD (($5oeBN BEOBHWwD. F g

DB (935078 16 ©ond e8)ed-16 Guesrdens Ao omro. QBSd0 (dsedo..
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0" @) Fag HBHre (KXo = 0" H8Bew (85535078

C12 H8&7ea0 @2556"'3638 1/128 So&é
0'° H8Bew (553508

s 16=

2.8 0'° Gw) (K53 =16 amu
S 0'° Go¥) H8Kren (B$50°8 = 16 amu

FDF, BBEe (($50°B O HEKTED E3X35T°8 Too¥), Kogry Dendd aBer oo
&8 &IPS 008 0 HPEHY). INEBE e EOA Gotth. s Bokd wedd amu
07 BOA &0800H.

&&é@ Cedel B ) GoE) ©) HoFHedE DB B edirg HESme
S @08 (385078 ST &GoBio moe DB O PN ((5550°8Q FPotsSy),
&8 BEOD &8 8o e JBoos® @go Zodoweo.
&8s 1. 1: o320, NH3 Do) o (B350°8 KoL,
S NHs RooE), a8 ) 8058° 28 N HEETe0S) Lo8%» Horedd H H8Emeanden
€08IP00.
NHs (ﬁné& (1) @5:5500% = (N cfbaé& DN @5255@%) + 3 (H (ﬁné& DBSeea @525?301’%)

1 amu

=[14 + (3 x 1)] amu

= 17 amu

&8 1.2 ¢ WBEo%ho %fg& (NaCl) Gwo¥) @Wﬁ)&@ ($550°80 B&)0l08.

P PAoho EBE Gwy) a8 Fyor cardFS® 28 Nat odirS totwod. ks a8 Cl
AR,

NaCl &g &&é@ ($50°8 = ( Na*) @) @058 (B50e8 + (CI)” Do) @055 (550°8)
=25amu + 35.5 amu

= 58.5 amu

2 eosedend® Nat Gog) ©diedE (350780 1 KiHod &otrd. e 23 amu
EHT, 16 Na H85re0) @wE) HEkre (5550788 $krRo.

5 QolPR Q0 Boe ergfo (B5550°8Q KeadaSHorr SeB)H s, HESrem ((5550°80 ©csrIE
(BRgo°B GHRPAFD. @BGForr Hdo CI” @) @i (5550°8 ddohamn. CIF @Ewy)

HBSre (B50°88 DXdedgHS 35.5 amu.
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1.5.4. IrerS (555078

el (55078 ©R0 1 I Do @) (BHT8 0l HodS Bend. oo, I 1
S Sorgo ©IB R 6.022 X 107 [PENE womwe EoE) $ErEE0. ©othEd

Irerb (Bgoe8 = 6.022 X 107 (PEN0E wozre (($H50°3
. Sare¥o Gw¥) Irerd (K508

SES-12 @Eog), g BB (555078 12 © o Beokn. T @ws) 12 ([(PEne
oS’ 6.022 x 107 H8Lre0s)en e0eron. @0ty C-12 Bwg) rerd (($d5o°8 12 gmol™
288 Soresee Irerb ($H5oed HEDVE 0 BB (335078 b0 SrEHK),
©8)2285-16 Tw¥) FOF, HE5me (($550°8 16 o0, TR @o¥) 16 [Pwe S’ 6.022x107
o8 s DESraded Gotrow. HOK TP a8 IPSH AG)Tow. ©ohddY, 0-16 &E)
Srerb (55550°8 16g mol!. §°Q) Frgrdes Suresre Fag $85mm (08 &8 1.38° wdee
Boha&od.

K)@é 1.3: §Q) Soresee S°'§J§ DHBSen (55008 (7°0F @(;260 1 38%)

Sore¥o FOE Sk ((5X5008
&%, H 1.0
), C 12.0
e, N 14.0
o8=], O 16.0
F&cdho, Na 23.0
&@65, P 31.0
60‘35, S 32.1
g%s, Cl 35.5
P00, K 39.1
08, Fe 55.9

2. v Sorgo Tl Irerd (Bigoed

©ED HDIY0 Goo¥) Feerd ($35T°8 e Sergo DR (FPFWE @oFo wewd). @oHHW,
©tH0d HTPo TnE) FrerbEHTed ol 6.022 X 107 o ((H5o°8. BV TR PVY
WD ((5X50°8 08 FPoEH) Swe Sergo D) a8 PSSt &) (8 Soreso @EwE) Ird)

11



Sogy BrerS (3550°8R Hosto TTe B Shard B FGoBKo TRT° FPoLHLD).
DB H,0 emesedearr 8:0%omro O Fag we (5008 18. @0y, ool 18 [rimen
6.022 X 10* erden EOA Gotran. oy, B Arerd ($5o°8 18g mol.
Reegdmcdorne Lodo &I zee ©8)0u8SNy):
DB Frerb (B5oe8, HO (2 X H Gn¥) 2 Srerd ($3550°8) + (0O GwE) Irerb (3850°8)
= (2 X 1gmol') + (16g mol™)
SEE 1.4: £ Sorgre Sk ((5850°8 $odcin SrerS (55508

Soro¥o HESore Molar
So) B&50°8 B%5o°8
‘éﬁ;&%‘éo (amu) (g mol™)
O2 32.0 32.0

P4 124.0 124.0
S2 256.8 256.8
H20 18.0 18.0
NH3 17.0 17.0
HCI 36.5 36.5
CH2Cl2 85.0 85.0

iii. ©asrdE Sy¥are IrerS (5X5oed

2.8 a8 Say¥so @wE) rerd (Boe8 TR 6.022 X 10 rdyer chrdiy (K503
BEGo G FERee aRrRSS® &) ey Fred (508N EPdosto TR BAN oSy,
NaCl 950088 88 ser Bé&oaﬁeoéaéé)o&.
NaCl Gog) Srerd (585078 = Nat BwE) Srerd ($85o°8 + ClI7 GwE) Srerd ((58550°8
=(23r® J°S) " + (35.5 (e Se5)
=58.5(v IS
058 éfb&%‘m@ @Bog), FHOR) GrrsrSmen SED 8 Jrerd (K8500T°8 B&Tro.
&S 1.3 1 (i). K2S04 (i) Ba(PO4)2 eerb (55550780 880508
PSS
) K &) Jeered (B50e8 = 2x (K* B Joeers (5550°8) + (S04 S8 Jeered (555502 8)
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= 2x (K* Qo) Jered ($550°8) + (S s, Jered (B50°8 + 4x(0 BwE) e (B550°3)
=[(2x39.1) +(32.1 + 4 x 16)] ™ 35 ']

= (78.2 + 32.1+ 64) ((* IS '= 174.3 ° e

ii) Bag(PO4)2 &%) Irerb (5555078 (3 X Ba™ Gw&) Brerd ($d5oe8) + (PO ™4 &%) IeerE
55550°8)

= (3 x Ba™ Irerb (B50°8) +2 (P &%), BrerS ((5550°8 + 4 (0 @ws) Irerb (K3550°8)
= [(3 x 137.3) + 2 (31.0 + 4 x 16.0)] (™ RrS ']

= (411.9 + 190.0) (> 35 ' = 601.9 [ ReS

BRPO S Q) Bs°o émc(;e; @wé&&meﬁ, @Sé?gm% 0B éosp?g 002005°e HBO0D BeODBHTN.
&3 (808 TS 88 $oOTPY B0E) GO DHOROD.

e 1.4: 1.0 X 10" s28)5-12 $85renden DA 6ok SPE)S-12 @) ($850°8
BP0,

FES: 6.022 X 107 528)S-12 HBrenden (BHgo8 = 12 (7.

12x1x10"

1.0 X 1019 =255 12 (85078 = 6.022x10%¢g

= 1.99 x 107 (rw.

amesdes 1.5 : NH3 &g 1009 Soraes® Q) VEDHED BIN00?
P8 NHz &) SrerS (3850°8=(14 + 3) ((Péwe IS = 17 (e 3
- 17g NHz &%) S 6.022 X 10 eeden DA sotnod™

6.022x10* molecule .
17¢g

100 (e NH3 88 03 emdeo = 100g

= 35.42 x 10%® eenden
= 3.542 x 10** @endHen

aTesde 1.6: O Gwg) Jrerd ($Hgoed 16 IrS . e edjed HBErand) oo a8
o8l wens) B0 ((55T°8 Jod?
FES: (BH5oe8 1 BeS S 6.022 X 10% 0 &) H8Srenden = 16g.

l6g

a8 O H8re (B38350°3 = C0x10®
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= 2.66 x 107
520 68yesd S’ Both HESrenHen (02) Gotron. wod (555008
= 2 x 2.66 x107%g = 5.32 x 10™*g.

1.3 2088y B¥eo
1. 3E%=S §B&, HCl Gwg) Srerd ($5550°82 88)0508&.

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

3. 1.0 IS Srertcho I @) (3850°8 88)0%08, KNOs (588w ((3850°8: K=39
amu; N=14 amu, O=16 amu)

4. P&Ho @ﬁsoq)ef @) FosdBo NagPO4. 0.146 molo NasPOs &Ewo¥) (K3550°8 dos?
(D8Se0 ($50°8: Na=23.0 amu, P=31.0 amu; O=16.0amu)

1.6. ((5550°8, Jeerd ((5:350°8 0800 Irde Hogy a8 Sergo @) (E5550°8, e (5555008

Loz 2.8TPAEEE Yoogo 68) HOKmeren. S Senk:

SrerB (555078 (M) = 2.8 3 Do oY) (B550°8. B Feerb (555078 18 (.. Ko 8158

18 (rsiwe DB 608 @oHhe® 12 Gotod. & é?(jé 36 (oo D% (18 X 2) &ossbosd,

oSt 2 Sy GINow. PRS0 (N X 18)g, ((5850°8 Eod), 9B St HB IrSe Sogyg

N & Ho@oGrR) $S0 BEP FGEBEBOSHEY).

émg (53350738

Hg Irde Hogy =
® ST Frde (555078

m
n=ﬁ m=nxM

émgo XoE), IS éoapéﬁs Er&% Keades® & Komogren &HErEHEERo.
aTPden 1.7: a8 S8, 0.5 3rd ©erdeho ©5d8o ©h@od. [PEned® @SdERS
e—swgéb@dﬁao S0Ze) Bégroiﬁo&? (Al @wé& HBee @Szééct’% = 27 amu)
FES: Al BwE) Irerd ($50°8 = 27 g mol!
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OBV (5078 = e X Frerd ($50e8.
= (0.5 JrS) X (27g mol )
= 13.5 ™
1.7. 38 Hoeaddlreso, D.ao0.
Molar 50300870 ol a8 Iod Swrgo D) H3H05m:m0. Bl GEENE HBA 55$0D
SPEHE &00d. /B o, Jooio EOA &oenod.

Srerd (5:550°8
Jro(e3

JeerE FoIH0S?e0 =

T INH® DRTHOEE, b0 B HSHOLTETOL (FPSrBE GEENE SoBo $%0 (STP)
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®OTO EOA G Kaw’go SwE) HB5es0. TP IS a8 Hoggy Krdod.

28 IS szgoé’s 600G (PFHNE oz Sogy 6.022 X 10%,

e.8 Surgo ¥ el S ($5:350°8Q Ted Ieerd ($50e8 @otrh. ab Kogrgddore
eSS (P éﬁé@ofﬁe&&:ﬁ F DG HBKeR (3550°8 T rmg we (50788 Sk
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1. 65.0 [rrsioen/(585me (($s50°8) ((58350°8 SOAS 2.8 aodm éwé&eﬁ‘s A HBKeea0He0

&onon? Fe = 55.9 amu).

2. 2,8 PR S0 ((55350°8 99. 2 (Poen ®owd Q) ) AFBR WorHs® eaman? (58K
@Széécw& P=31.0 amu)

3. 8.46 x 10™ PBS HBLreadHe D) (B3X50°8 266.95 ((e. POS D) HBen ((3350°8
88)008.

16



) 3)25\&3&05)0 XoE), St 1.92 x 10% 33&)?&0530 $BETeDHED o). [(rened® & S
@»é& @52656‘"8 0&5? (HBNTe0 @55623@% - 24.3 amu)
. 80bBS® (B8R g mol™'E® Frer (35078 880K08.
) B&ado @&, NaOH
i) 5258 $8¢5 CuSO4.5H20
iii) B&aho 506%3¢5, NazCOs. 10H20
. PClz &%) 150 (oo P850 (BEBE Gwy), & Bod 8S° [Hdwed) 880s0d:
i) &8 PCI3 ®e05) GwE) (BX50°3
i) émgé% 2.8 PCl3, Cl o Irde Soay
iii) émgoé’% Cl H8&Sreve (B50°3 (eSnee®
iv) $Soeaeest PCl3 ) @00 Dogy
- 1 x 10V 58Sre0den DA C? Surgo EHiFSod?
. C-12 $85reansd @08)100ge $50raeS® ) H8Sre0en eamyon?
. Bee. CaCO3 &) Sogy?
10. N, +3H, — 2NH, & $85% 1.0 X 10* emde Nz o55850008
) N2 Go¥) (555078 (Pewed®) dod?es8kre?
i) s 56565 33650)&3 NH3 g JoeSe Qogy. (1.0 x 10%° N2 e $508)
iii) II) STP &5& 28)88 NH3 ar050) do& s08:585med) esBhyob?

1.1 5088y B¥eo
1. Kilogram

2. g
3.i)hii)n

4. 1) Megasecond, 106 s

i) millisecond, 107 s.

1.2

4.22 x 10* molecules
6.022 x 10* molecules mol™

2.0.25 Mole Clg 50505850 Clg eveansyye Doz = 0.25 x 6.022 x 10* ©9e05)en

1. Mole of N2 gas =
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=1.5055 x 10Z ®g0)en 60O
3. 58 Cl2 ©e0HS® 2 Cl o) Cl HB8Sreande Qdogg =2 x 1.5055 x 10%=3.011 x 10%
HBRATeE0)e0
1.3
1. 3E°S §BE @y Srerd (55078 = 1 3°S H +1 S Cl
1.0 e, S + 35.5 (. e !
36.5 (v, e
2. R HBErenw Irerd (o8 = IS eTes (BS50°8
= 6.022 107 e°s  HBSreede (E58550°8
= 6.634 x 107 kg x 6.022 x 10* mol’!
= 39.95x 107 kg mol"
= 39.95g mol!
3. KNO, Gw8) rerd (55078 = 1 3rS K @) ((5850°8 + 1 IS N G, (55078 +
3 Irde ‘0" (($50°8
2.8 oo cﬁmé& JoeereE @62;6?3@% éosp‘go“aéom ) Knéérm@szé?gm%é J5eb0, 508 amu
(385,90 3360@35 g mol' e &0e00b.
KNO, 3rerb ($850°8 = 1 x 39.1g + 14.0g + 3 x 16.0g
= 39.1g + 14.0g + 48.0g = 101.1g mol!
4.1 S Na,PO, (5550°8 =3 X (1 I°S Na ((550°8) + 1 IS P (S50°8 +
4x (1 3rd ‘O ((58550°3)
=3x(23.0g) +31.0 g + 4(16.0)g
= 69.0g +31.0g + 64.0g = 164.0g
.0.146 B»S Na,PO, (5550°8 = 0.146 x 164.0g = 23.94¢

1.4
SEs5 Py So % 3.05¢g
1. 3.05g © 5066 Cu H85re)e I Dogy = —63.5gmol'1 = 0.048 mol
. So « 12.6¢g
2. AuDBIPE0nHO SO0 Doy _—197gmol‘l = 0.064 mol

3. STP & a0y Irerd 50easdddreso = 22.7L (STP = 298K, lbar)
STP 553 2.5 eSS COZ@LéfQJO% 0£0003ee0 =2.5 x 22.7L = 56.75L
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g8 LBA DB JrEee Kog HEGR) HEFRD.

» JF508 el Koo GwE) (KT8 TER) BT DO TEo ErTP BEID.
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DHOF.

2.1 HBSe DOH ©90gPRE Koe(@oen

£ 5005 S5KHOS, S 2.8 Sergo Gog) EIREHD K@) der TS’ Slafowsile)
V. GErirdn, IBI H,0 axoe Srdded. SPE)S Sarg)Ed CO, mm (@rag0 $8Piob.
HES CH, oxo° [@P8650 £8P0, TE S Dotr-e8)E N0, oxo° [@P8550 Ser&od o
B Ben, a8 wend o8 @f’&é@ e HE’ &) (8 HBSreHe Yoz Kedoleedd doad
L0835 &5 Q)R ¥ogxd &DTRAR0B. (98 R 1 YFPEr EoNoterthHEHod). @énkod Sr@ed)
HBEe KRB0 ©WoEPE JotHE0E 28 2.8 émgo Y, @e0)d RO, a8 9B weanHSt
Botd R(EPeS H8STenDeD, a8 wmS HBSTEDD) Gotrom. w2, ool DS SrEed) H,0
Q) TP, WOLDION, 28 HBTed Koe(Eo a8 ‘éﬁ)&é?éo ) e HED DY Lrrerseer HESTEDH®
PR Hoggo FPHHOB.

T8 BEDS Selo €08, a8 éﬁ)&@éo o) e950gPRE B0, 38 DAL rresre HETPED)R
g Doggn SrEsd axyob. & Hoggen HEFDS AT Eéegéé@orﬁaatﬁ@vow. SRS, 1:2:1
AYPEE® )R, RERS S0 wdaS BOAS KrsE @wy) wkgeds sr@o CH,,0, (0k0ge8
Qr@roy DEFDHS SrlEren o Ere @otrd). D8 dr@o = Xn 28X X OO P
Loo@o 0805 1 ©RO 2.8 QoY Sogy). Greerlent Kests CE) HBSee0 e@o CH 0,28
Q) @50gPdE KrEed8 6 Bey. ©othRed, ©grdE Jr@o HESrade JPBI @D B8,
DBEme Sr@o e HBRE wewHE (B8 LwreBo @Y TR wede Kopgd Hod. §°R)
éoécgéf, 5BKe SrBoS® ErR0D DT AQHED DY) FPTOSPOB éé@oéézﬁw. =LVl
260&603)&3;3’ HDBe DOA k0EPNE Loe(@een 2BeP S0oEPaD, GIRSPEER, 263[585 C,H,0,, 8
DOH-ABFT & RLOTD. SYNPMESIS) DHRSH0SE, 28 W) T8 HEETEN D BOA Sotvod,
&TPP0eD P, S, @tnkod) éoécgéj, ©0gPE LeGo Srresedd Dorr S Gotnod.

DB BORJPT, BPHIBorr BEaho EBE @ bendear Jpede Gip NaCl o
20



Q. 88 6P 0ol JErdo BOA Gotnod $HBA KBS ErHos® o, worHdy,

NaCl @38 wd @grdE drBo, ui NaCls® PBdcho b §88 Hssreanden 1:1 Ase®

%) DR SR0B. ©R) a8 Jure HREHOSKT B8 H$6%8. KCL, NaNOz, Mg ©ogeds

rEroB STt JoE0E BB @cielE ‘é)&cﬁ)é%f@@. DEE 2.1 HBER)) &Trsreaed ©otRob.
DEY 2.1 DESren HBAD wlogrdE SrEren

SO SLre SeBo grE Se@o
ORI NH, NH,
e CO: Co,
TP

SRS C2Hs C2Hs
Kpsbes CeH1206 CeH1206
KoL S, S,

BoLS CeHe CeHe
b&cho B8 — NaCl
QIho &) — CaO

2.2 BPHS Sty Sobckn Kel@ren

2.8 BE e SIBRE° Qo8 Y] wotnod, B DT Ko CH, 2.8 88°mesn &),
NH,&® Qo (el eotwod 58.8% )R, 28.4% o8y, 8.28% JE&ud 83w 6.56%
(ES8° 805088 D) o BT BR3E008, TR ©0gPYE KrBo WE? 1 HESTeD
(5335078, KelEren B RS PRl egkedbo . & (PEWE PHI0H SHIRA0D
50550 DOYBoLNLETR? KXo ). e (55078, Kreren HBKD e PSS Bt
B30 HOPBOUTTIB @BIED (FPPE FiTren. Pdo Erdy) ©oll E? & w0z 5%
DSBore So% e—ago DSB8 (o To.

2.2.1 o 58y

a8 }63)&%?260 SBo¥) Se@o 0B 30D, &8 Vo) $8Sres0s® éﬁa&é:éoé‘s (38 soreBo Do
&o&t @e;a‘(nféséiﬁg} ©ergadAcho T &B)E Ko ©dod. ALO, (36 r&Y), erg)dre ©fob).
2.8 8K BoS® wershdcho eBE ol B0 JrEBEradore Jod @erAado SPoBsS
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@%)é@ 08 o BEOBIE). B0 EWY) 03 883555 &HIrAoD 8805 a3Brv&HOb.
ééa&ééoé’sﬁ) Qoo BwE) (B5o°8 o

mass of element in one molecular formula or in one emphirical formula 100
X

FPB0 éjnéao) =

molecular mass or emphirical formula mass of compound

mass of element in 1 mol compound <100

FPB0 éjnéao) =

Molar mass of compound

©ergibloho &G, ALO, Gnzeso Erti) do Béngo.

Mass of aluminium in 1 mol Al O,
Molar mass of Al,O,

Percentage of aluminium = x100

ALO, Gng) Freeb (555078 = (2x27.0)g + (3 x 16.0)g = 102.0 ((° Al ,0,G0%) 1 &S 0D
2 mol Al HBrenHe BN Gotnod, Al B (B5:%50°8 2 x 27.0 g=54.0 g Al

Percentage of Aluminium = >4.0¢ x100=52.9%
102.0g

o8 Dore ods el BE0USNW). ALO, BwE) a8 IS eds 3 Irde O Do
EOA &0twod. @08 3 x 16.0g ©8es, @othdg

3x16.0g

Percentage of oxygen = x100=47.1%

aTRdes 2.1: eyt ank o, ahtyee C,H,0, $DA totwod. armgtaS ant espo Ging) 2dFotd
DZHes DWA?
S argeaSionE wiho Gy B8Sre Sr@o C,H,O,

argeoS ot wio GwE) a8 IPSE® 4 IS YT HESrewder sotrow. 8 S TE S
DBSenHen O 2 e edjus DD, & dore, awvegéoﬁsoaa'g eipo GwE) 1 Jpeerd
355078 S e de 4 x Irerd (BNoes, PEES Hsrawde 8 x Irerb (Kioed
S0 2 x Frerd (55008 eded HBsrede s Sirelo.
argS s wxjo s Frerd (X508 =4 x 12.0g +8x 1.0g +2 x 16.0g = 88.0g

12
(B33350°8 (@580 C 8o = §x100=13.63%

8.0g
88.0g

x100=9.1%

(B350°8 (Do H z°&o =

32.0g
4 = —=x100=36.4%
(5%0°38 (5780 O o 88.0g x 0
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amgoSPomE wipo ¥ TR & Bod Dorr Erme BEHODHDY:
(B50°8 Txoe O G Zso =100 - (B%o°8 wegoe C 380 + ((goe3 oo H z°&0)
=100 - (54.5+9.1)=36.4%

2.3. 057N PP PandIrDE Jodes

a8 263'33&@60 ), @%3&@ @@?3_00, 3050 B0 Eri)d B8§oNSHA o a@)&s 0P BW.
AP & 2.8 (DY) BERDHE0B, é&&%‘éo TE) S0 EeED) 0D ER) éﬁa&%‘éo o) D@
Sgonoiﬁﬁoaé:v? DEFPTHE0' @D, =0 & dr@o KBS Gr@o ; adhenrr, 30 @dgrdY
Kool&0, JotHEos 28 a8 K)Eﬁ)&%‘éoé‘s &) DG HBHenHL HEEFDS QYA 5pod. Fgrdesor
B B K)&%Jéééoe’i‘s &0G DG Soreersee GROH] @gwoa, oo Ko@) éogoaa@o. HO8 2.8
%) swesrde Ebdomro. IBE® (B5oe8 e 11.11% r(E' =S 500k 88.89% wdess
Soerow. Ger o0&, Hdo & ¥ ©grdE o@ed) Sgowoiﬁézﬁa. BIPL do 100.0
[(rdne B IHeaed BOA o ©dHos, 100.0 [rwe ABS® 11.11 [rdwe FRE =S
DBPenYen 0B 88.89 ((Peine e8)us HELrendey ST TE0 ErE) BawHod.

OBea (5555078 HEE Dok, 1 IS TES S8 (5078 1.0 [rives $Bak 1
IS e98y2sd DBRe0)O (5:350°8 16.0 ((rsven. BIPLD S50 chreded EES PSP (FPoHS),
Segoe Te(ETeS Gwy), (5850780 H H8mende Srdy &)k S0 a8’ Ghos) (5:550°8R
O DESrende Fedye SrG)Si). 1 IrS H krende (5078 1.0g 808 Hido S0)d
65 SPothHEeo.

1mol of H atoms
1.0gH

ST
[»)

1mol of atoms

11.11 (e H= (1111 H) L0z H

=11.11 S H HBK5eeanden

BAFOTT @S SEH 8BS 56

1 mol of O atoms
16g O

1 mol of O atoms
16g O

©0Hy ABS® FrEeS DoSrHe JrSe, @Beed HEdrEde FrS) IQYY 1.11:5.55.
a8 Sredo Gwd) IrS HT%E reto GwE) PSS SRS ‘éoa:egés DESrendHeod EOA

wothe, 88.89 g O =(88.89 g 0) =5.55 3S O $85me09e0
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=YoloTeta) sm@, a8 2633&%526068&) PSP Bre% VQPY Erre DB ‘éospg SwE) Y.
@05 FPEPeS HESTenen, e8yd DESrewde AP 11.1:5.55. axdpd (@& Soggn Bod
‘éoapée)é‘s DYHO™ DFBoNEo To° HIo Bod éospéozéa ‘éo@ﬁg ‘(\’Josp?genrw RN,

11.11 5.55
- gy |
5.55= 2 £00% 5.55

©oHHe NBSE® Tr(E eS LBt 68)eS D8trewHo AP 2: 1 H08cH AB oY) ©5grs Kr@o
H,0.

2.1 ogrsdo
1. Fe,O, N 633&%‘260 §°6H, Fe 0 O Gwo¥) e B8 )okok.

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

3. &8 (8o B/JCS"U@%J S0 9505 &&é@ AD? T e &&é@@
FSyeren? H,0,, CH,, Li,CO,, C,H,0, S, S,, SO,H, S,0,, N,0,

272 Y6 12 277472 TR T2 T T2 T3 9

4. 2.8 633&%?260 TER B0 edjed 93 B0 Koo HEETENHOST Erd Sotnod. eERY
2633&%?26068 53.1% =S t%zé&ggowé, e @0ePE SrBo dE?

2.4 BP5HS Bi8e0 0o PEIFE ©Gg
2.8 50 BRRAHS $8pBLEs0 G0’ FrRoBHH)R bt wkadtdo B, $Sehey EPahS
“08Bes0 1DeeE)E DO HOXPEFHE JDLrerd DoNSD EOA Gotnod. & (Bod éﬁ)aééw@&
$688Tro o TAS® &) Iwdo HrTEo DWE® BesoHowro.
4Fe(s) +30,(g) —>2Fe203(s) ...... (2.1)
1) Iﬁwé&é PP vtete)
ﬁ)&@e‘é&éom &880 (2.1) 088 @%{3&558 585 230 08 @Sk Déo)&aéﬁ)oé&) DenEOB.
2) SIS Srardo
DBLerGBorT Sy BIPADS BEBo T (Boiradsrer HBKD GEEe HorEre i

Qogrg D005 Jredyod. &8 HoRoTPeRd Her éé%é@oiséz‘f@.
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i) K)J{é& DOXTeETED, O DOIPED)CD, 9NN DDA @1363&@ e e,
i) :ﬁr@sﬁﬁgﬁag D0 eeTen, O D), (585008 SHOA FdHOLeTe (A Kamqso
DHHos) (BoSresdsren B @‘éoﬁw&v;ge».
BP0 BOSH FSotd BYS EBDB (2.1) A w0 “od DOLreEE DoY)
SPotHTro.

2.4.1 DE°WBE sxoBEBS aTYSS

8 S (2.1)

4Fe(s) +30,(g) —>2Fe203(s)
4 HBSrenden 9w, 3 wedden @%a)&ﬁés B85 2380 TRO® 2 ©°63ée3° Soordéy 06S &G
VEOEOH. SEHre S8 Jeeardo Bodd e Dorr (KB (Boiressgo 08 Boiradso Bod
dgorr B0 E°EH ([EecdhathEod:

4Fe(s) +30,(g) —>2F6203(s) ...... (2.1)
Fe O ©EDHL T4 HBTeHeD 2Fe O, o) @°63&e7° SoreQeD

2.4.2 SRERRE sx0BBES aFTSS

S5HB Dgriios® $BY0AS DIEREHE sHoBBAS Jireroed) s 16° Dt I
IS =Y B:B0Ho8 LrERHRE Direrdorr SN,
D) IPS HoOFEN

2.8 Kawgo GhoE) HBEre)en, EDHeD, WATPRY Sl @f’é)&@ ey Ho8 osmrE
Loz S 28 FeSH BOA Sotwold HHH Bewodd. Swnd Jgerios® (Eq. 2.1a) DPodd
DBTPED)ED, ©ED)LD DO é)%oé@ (Bgorde Dogyo @SSTP@S ), ‘z’g@oéo, N, oxo°
roedero.

4Fe(s) +30,(g) —>2F6203(s) ...... (2.1)

Fe Gw¥) 4 Hsmeeasen, 0, TwE), 3 eenHen — Fe O, g, 2 @°63&e)° S7eQeD
4 X N, Fe Gn¥ 585memiden 3 x N, O G semiden_
Fe O s) 4 atoms of Fe 3mol O,
2 x N, Fe O (s) Bwg) Rtyer chredey
2 FPSyere ooey Fe,0, )
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2 BB o0 B BBA TADBL).
4Fe(s) +30,(g) — 2F203(QD) ...... (2.1 8)
4 mol Fe 3mol O, 2 mol Fe. O

2 38088 (2.18) Boiresdsren B0 &) gy IrS Soworrd)) Bod. S8 4
mol Fe &8 (83000308 3 mol of O, H08csw &&)8 2 mol of Fe,0,
) &S 0S4S) / (BgoeR Bomogren

$505058 Jersos® vty 36)3?0@\ S Ho20TPedH BT Kamgo Go) 2.8 IS ((55950°8
Q) Feerb (5550088 Km0 R PRI BRTPNOBE0 T (5078 D00H0 SeB)Hy),
B T g Srowe Fng HESTED (B50°8 QePBDo&® e drgo Krod B880uH8y). o
BBV 5567, mosm B W8S BE) Fng DL (585008 S 55.8 506k 16.0.
0@ 3% Fe Gog) Srerd ($55550°8 =55.8 ([ &
ii. O, Gw¥) JIrerd (B350°8

=2x16.0= 32 [ 5"
iii. Fe O, @) Frerb (5550°8 = (2 % 55.8 +3x16.0) ((° oS~

= 159.6 (e IS

& Irerd (BX50°Y GRHBPA0D 050 BEBE0 2. 1b e @iedd FrS Sowoped) 88 (8o
BES orr (8350738 Sozogorr SBYRY:

4Fe(s) + 30,(g) - 2F6203(S)

4 mol Fe 3mol O, 2 mol Fe, O,

(4 x55.8)gFe 3x32)g0, — (2x159.6)gFe0,
223.2 (e Fe 96 g O, 319.2 g FeO,

& Digore 223.2 [rve 50w 96 [rEne @8eSE K8 26D 319.2 [rwe 08S €BHED ¢
&8 BB, D BB Hodo v BBA TADIWY:
4Fe(s) + 30,(g) - 2F6203(S)
223.2g Fe 96¢g O, 319.2g Fe O,
%) (o085 7es) a°e>:°§5: Honopren
® 2.8 IS HSH Bend BT ey STP QG 22.7 O OXDHBKeeR) B0
([DpSoeds 6%@@5 L0805 $H5b0 0)°C 5080w 1 &r8 Hkdo). i B/JC5°U@°€) VARSI eT v

26



Hoeored BennSPSmr8 SHdo & Qoo BOAPA0BDE). o HBKeaS5S8 éKDéJoéaazé&
56563 28 a8 aPcim Kawgo &otnod, O, &3 éﬁbééw@; (2.18) oS0 & (Bod Jyore &BA
TPODDD).
4Fe(s) + 30,() — 2FeZO3(s) ...... (2.1
4 mol 3 mol 2 mol
(3x22.7) L at STP
STP éég 68.1 L
& Qore 4 S B IR BB I 68.1 g 8 mss” S8 20 2 S 08S SFED
6E)8 Bod. (2 o ©oBEoE ENS e a’acwq;@%f’ el (HBTEeB o005 Hoaoio
B0 SHTDNBBOTP GOLVOD).
2 S556° 2 &) DERHNE Hocky IrEEHE DOSrerdE Hoogres o (ol
B8008 Difore SE8B0BBLD),

4Fe(s) + 30,(g) - 2F6203(S)

4 HESenHen 3 @e0Hen 2 @°63&®° Coreen
4 mol 3 mol 2 mol
223.2 ([resdoe 96 (v 319.2 (e

STP Eﬁ&g 68.1 L
30 (B Hoeyoeed Eree éé@vﬁoééiﬁg} GOS8, 43S 5w 68.1 @éoé (STP Zétg)
081258 S8 20 319.2 [(PEwe 088 BBED &&E TRoH B)HK), &R, Sowogredn H&°
Both GTRERSes ®go Todowro.
a) b (BB o TP B0508° B &) (BB S, (5:550°8 SO §DSI0Ke

Boeogredd Ko@%@cgo.

DERBERE Somoio N, (g) + 3H, (g) —  2NH, () ... (2.2
K)P% Koogeen looend) 3 ©E0)en 2 ©E0)eD
i) Soed) 1 mol 3 mol 2 mol
ii) 55008 28 (e (3x2.0) = 6.0g (2x17.0) = 34 (v
iii) $5505Pe00 1x227L  (3x22.7) (2x22.7)

=227L =68.1L =454L
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S 1 vol 3 vol 2 vol
b) Hrdo &t RSN &rdoro, ewg&%% TE) SePS @@iﬁéeg 08 DAY Bzrer Soomrerdd
t.’a@%@)cgo. BE0E D0

2CH,, (2) + 130, (g) —  8CO,(g) + 10H,0O (g)

2 molecues 13 egna)en 8 ®gans)en 10 essyen

2 mol 13 mol 8 mol 10 mol
2x(4x12+10x1g) (13x32) g 8x(12+2x16) g 10x(2x1+16)g
116g 416¢g 352 ¢ 180¢g
2x22.7=45.4L 13x22.7=295.1 L 8x22.7=181.6 L 10x22.7=227 L
2 vol 13 vol 8 vol 10 vol

B o oo, (BXg0°38 BT $rN0Bees HVoOTPeD GOIPNoW S Keaden 3650.
2.2 GTrEPde: arad (KB T e SarOE KiEad @i eRfs Hoch ©es hEdo
58 e@ysso vgod® TG SE 5K 0% eFIATD KOB.

N,(g) +3H,(g) — 2NH,(s)
28 DEE &) AN B8 BeHTAB Jod TE RS ©ddBo wHHoH?
FPES: (D8 (BT°8 Koomre HBOD Ko BeninE D).

N.(g) + 3H(g) —  2NH,(s)

1 mol 3 mol 2 mol

1x28g =28 ((° 3x2g=6.0 v 2x17g =34
08 I8 Ben:

1 HIBS ey = 1000 88%en = 103 8&%en =106 (@
58 BBRSXD 50D 34 (> NH,(DF3°S3) 6.0 (> H o580, ol S50 §%0..

6.0x106
34

& Dgore 1.176 x 10 esd&ehosto oxoe 1 DIEE ekne warRNeie ofiios. 5g TE s,
SR8 2.3 2.8 TS5 [ooeeH S’ ewg&sﬁ, CH,, Srre $i0k0 Bodeedd o) [rswe edjes
(0,) 95380 ©H&Hoh?

FES : 317335 S0 S5PS B8y

. 10° g NH, @05380 @90 g =1.76x10’ g of H,.
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47710

2CH, (2 +  130,(g) » 8CO, +  10H,O(s)

2mol 13 mol

2x 58 =116 ® 13x 32 =416
©0tHdY, 116 ([P 833°555263 IO eel8, ©dms 416 [riwen 5dvo. wothdy, 1
&5 (1000 ([rsoen) eas!gé?.%%éa PO SPQRR8, 081230 500 wHFod

_ 416x1000
116 =

~ 3586 (° O,
=3.586 kg O ~3.59 &&% 0,
S8 2.4: B& é@& &S PbS 8k B8 &8)B, PbO, 8O 38 BohedeEron, (Bosesmgen
B& eSS B 6098 S8, SO,
PbS(s) + 2PbO(s) heat 3Pb(/) +SO, (g)
2 $8o88e0 (HsPo 14.0 rewe B8 «B)E S8y abBRand, I ([Pive 8590 HESTEnHED
B Vb BeIFHE H)eron?
(5BK°e0 @5550“3: Pb=207.0,S=32.1; O=16.0)
FES 1 (HE) ), (58 I8 Hido Spdhey SBEBERR) SHRPAIZD.
PbS(s) + 2PbO(s) heat 3Pb(/) +SO, (g)
I mol 1 mol 3mol 1 mol
BQPEO PbO (ﬁ))é& @"63&@" @52550"’8 =(207.0 + 16.0) = 223.0 amu &8 dHore, B& &9&3&)5 @"6)&@’
gy ) a8 T (B350°8 223.0 (Trsoen.

14.0g PbO
223.0g mol'PbO

©@otHde, 14.0 (e PbO = 6.28 x 10™ mol PbO

a) 26263653@?3 380880 PHO cfmézy 2 mol cfmézy 3 mol & 960363‘@006520 P08, ®otHRIY, 6.28 x
102 PBO 380 Gw¥) e

3 mol Pb

2 - _ 2
6.28 x 102 mol PbO x 2 mol PbO 9.42 x 102 mol Pb

b) Pb &w¥) 58:5ea ((5550°8 207.0; 28 2.8 oS &0 (B550°8 207. 0re @ Benod. oY,
9.42 x 10? Pb Go¥) oS (555078 EOA Goewod
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207.0g Pb

2 —_ = - _
9.42 x 107 mol Pb x | ol Pb 19.5 gPb

¢) 9.42 x 107 Pb Q¥ oS
9.42 x 102 Pb ReS &5 Pb x 6.022 x% 103 H88ee0den eSS ' = 5.67 x 102 Pb $88me0den
d) Bhey HWBEeo PO G 2 FeS SO, Go%) 1 FrSn YN0 £7°8x008.

1 mol SO?

2 7 = 2
6.28 x 102 3>S PbO > mol PbO x=3.14x 102 mol

SO,
YD SO Tl Y HSorew ($5oe8 = 32.1+2 (16.0) = 64.1
SO o) Frerd (5508 = 64.1 [ oS
@0tHdY, SO,3.41 x 107 SO, IS weHe (L550°8Y EOA Gotro
3.14x 102 3o x 64.1 IS = 2.01 (e
2.2 ool (B
1L 2 [rswe NH, 80eES 0 of B89,
N2 (g) + 3H, (g) — 2NH,(s) £00& (a) N &%) 0.207 mol (b) H, &) 22.6 (rreswen
2. ©858° C,H, (g) + 30, (g) — 2CO, (g) + 2H,0(1)
0, Tw¥) A (a) FrSen Bdetaron Hda (b) H Gw¥) FrSen 4.16 x10 aRpld O
&b, C,H, Twg) e 60‘6}@% ©HzoTe?

2.5. 8Bogxds HowBo Vobhio
288" 2,88 385 220D KJWUC;@J DB EPADS B p8Bea0s® éﬁo&él QLo (58S
o|ES00&® Kere 2.8 APBE® $0EDR 30 FGPBEaore BITotriw. GrrerdnD FrEeas, wljms
5O 2 IS B (o Howe M) Hodd HIBBE0 FHSeBo A DBHH0k.
2H, + 0, »2HO

2 mol Imol 2mol
8%, 2 ed PE%S %00 1 IS @%{3&555 L5 220 HHOB, B 1 IrS 8y
L5 KHOSHOT Gotnod. S GTPEeRS” FPERD H0E Basraido B BoiressEo ©otrd
DoBBoE T HOSTE0 T 9906 $HOAD orhDY Ny 8BS (BodresdBo Swotd SABEH0H;
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©08, ©8aS GIRPAOBDHE®0. IS &) THE S DOXTR0 VG GEB Iee) HOWLSO
B0t
&S 2.5: 3305 é@q)g EaS& (SO), e 0258 BOD €00, B (DB SNV
EoarE SO, Sroerdore?

i) OBOR DTS HB?

i) SO3 g, ﬁ&g B0 Qo&? b béo)c‘foéaow?
S 1 i) Do oot ey HaBBETR) TETD.

250, + O, — 250,

2 $&088ee0 (Heedo..
a) 2mol of SO, 8& SO, &) 3 mol Lo béoj)c‘ﬁ)e‘é)o&.
80, Gw¥) Sw¥o ad SO, oY) 3mol Hod VFHEH

2 mol SO,

= X —
(3 mol SO,) 2 mol SO,

=3 mol SO,

b) SO, G¥) 2 &S O, B 1 FrS Do GEHD). wothlgy, SO, o) Iwgo 1B O, T
2 IS 08 AG)HE06.

2 mol SO,
=(2 oS 02)x I mol O, =4 mol SO,

QLRSS0 [5°80, HOMS (BorasdBo 8 S0 oz a?.s%) (BdresSSo.
& 60656?30@5‘5 SO, ORO HOMLS (BoSreadso.
(i) SPotHOn HBR sEnBE0 HBLTw0 HOWS BOROL TEe YT Fndo. & Dore SO, G
1O% oo SPotsH).

amge 2.6: STP (273 K, 1 &°8) 3§ 08 araio&® Qo50dd 2 Oy arhy) &8 2.3 [rkwe
Bavo E%EY) HRE1ETB. (HESGg B0 FoxE, BHIFS0s:

i) & $558° HBWE Boirseso HLA?

i) B&ado EBE TwE) ) IrS) DE)EEean?

iii) 55 DHE° O HrrTERY HAFPACBDOT® SBBLRE? TR (08N [(rEmed® EHFos.

iv) ofBore &) Kowgoé‘s o BB V&aho T/ Lrtrdod? (@w&o: Na=23,Cl
=35.5)
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LS 12 Na (s) + Cl, (g) —  2NaCl
2 S 1 eSS 2 IS Soe STP 56 22.7L

2.3¢g

) @EEES Badbo 53 7 Feden = 0.1 35
g mol

2 B08Beao 508, 2 mol NaCl 2 mol Na K008 dE&H0E Q)godEk.

2x0.1
—

Eécg 0.1 mol NaCl Jeerd 505888mee0 =22.7 L

®oHdg 0.1 IS Na 68)8 Bchrewd = STP

©othHy STP & 2 L §p5505renos® §08 Gws) Ied) = 7=0.088 RoeS

2L
22.7L mo
¥wBBeao Ho&: 1 mol Cl, 23S NaCl & 6&)8 Badriesd

©oHde 0.088 mol Cl, 2 x 0.088 = 0.176 mol NaClo ¢:8)8 Bchried.
i) BEbo B HOMWS BadrsesEo, (1)5° BEPASED™, NaCl GwE) Frde = 0.1 mol iii)
2 o880 So&, 1 mol Cl, o0& 2 mol NaCl &) BobherH&Hod.

1x0.1
oty 0.1 FE NaCl 52 $08 668 @®od. — = 0.05 mol Cl,

Cl, @) (@808 IeSen = 0.088 IS

Cl, 0¥ ) EPRoSHoT® HHTY = (0.088 - 0.05) IS = 0.038 IS

@Oy, Cl G ($50°8 DIFrACSDHOT $6BY = 0.038 [ x 71.0 [P IS = 2.698(w
(QotpB0E Cl GwE) Frerb (5550°8 = 2 x 85.5 = 71.0 ([° &)

iv) Cl_ 308 Frden DAFrA0TES = 0.088 F~SE* 0.05 FrS

0.05

. = —————=56.8%
- C12 &még, B0 QATeAod) NaCl re é)vtébeaéaééoo& 0.088 x 100 0

ade 2.7: 2.0 [rime MgCO, 508050 CaCO, 5808 2ty &7 $6& 38 X, O 2t
1.04 [rswen. oEvo ¥ do ErLy) BHidos. (Mg =24, Ca=40,C=12,0=16)
S 1 MgCO, Gog) (oo $8ck CaCo,
S0BHB = 2.0 [(° MgCO, G (B50°8D
:00BoLos be= x g
©OHIY CaCO, Go¥) (B350°8 = (2.0 - X) g DY) 8550
MgCO,(g) — MgO (s) + CO, (g) (1)
(24+12+48) (v (24+16) (v
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84 40 (S0

(053apen)
CaCo, (g) - CaO(s) + CO, (g)
(40+12+48) (v (40+16) v
100 (reioen 56 (esioen
(©53pen)

éﬁ)oééw@cl Besrobos5os (1)

(ii)

84 ([ MgCO, &8 o53:rd) DEADYos = 40 [rewen xg  MgCO,

40x

25&@3(0)0& = 8_4

éﬁ)oééw@cl Besrobosod (i)
100 (fr&wen CaCo, 2.8 ©X3arR) HED1EROE = 56 ([(PLnen

(2.0 - x) g CaCO, odaro> $60TRB = — 00

40x  56(2.0-x+
84 100

40x 100x +84 x 56 x2-84x56x =84 x 100x 1.04

©S3are Iwdo (508 = 1.04 [~ (a55808)

4000x + 9408 - 4704x =8736
9408 - 8736 =(4704 -4000)x
672  =704x

672
©0thdY, MgCO, Gw) (K503 DFESo® = x=——

o4 ==0-96 %

0.96
©otHde MgCO, w03 = S0 x100 = 48%

B CaCO3 o) s = 100 - 48 = 52%

2ot DD FgyHads

56(2.0—x
( ) g

953 ol

+ 28 BIODS Sr@ed) a8 63'33&%260 FBE), 2D OB Lr(Bed SHOT® TR ety

(1) HBSPenHO TP & g Koz o8k

(i) HBEreHO Fng § Sy Kogy dore Krdolieedd Eree SHRPATD.

. a8 a’awgo nE) HBSe (B0
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(i) 2.8 ©enHSTY DAY Hresee HESTEDH® Qogg FeHH0B.
(i) 28 FrS @eanHSED DAY Sorersee HESTEdIH® &) Doy,

¢ 28 RIS o aus éﬁa&éﬁoés?{) DBEDd
(1) HBSreH© 26033?3 B
(ii) HBSrende ISy @B JYB IrEd GrHEOB.

* DB WoB0 AP e9dgrdE Ke@o GInE) Do exsFogo.

» 2.8 DalyFdo oY) wHErdE KeEed) TR Erahs Dgdes Kok Nelonvietarstunl

. a8 633&%%0 o) DBLed Joo(@°R) DPYanosees, SHden (K03 S Beossed.

+ PoBITDIS GRO EFAHS Ve Erey) (KayFko S rBo Jpondiraid) S0
ERADS @6&’31‘5@@@8 DIGPA0LES 0000 DBES a’amcgo o) DO SE ggabdo
(855 Soe $80EGe0 PanTFDE).

* BRADS BEBezren $KS° DIGPA0SDES $BAH DBYES Sorgre HYoHO Kool
5250%°, (Q) HBSreanHen, weandHen SHOAD @°63&®° OHVHISIISToN

@) & Sorme Fed) Doorr & HrTe P DHBSTErOH Brwe KO,

. 28 ey SRS HEo [Boiressrod® &) o) Hiiraden cHBS® 880
EEPCDH DB 56?3635 DBATPEN )N é@%}loisaaéz@ Soe 80 BDHED).

. Dodey DBBE0S” $rodS Bosradsee I iy LonETPDIEE Bdoen & STy
F0 DAGPACTEAP DB & émgo(@)) DAD TG éogoaaoiﬁw@% SHRPNHETPoN.

©gTR0

1. & (8ob éﬁa&%@o SE) ©0gPAE Le@eeD oeodod: CO, NazNOB, C4H H202, KClL

10°

2. KpS'E Ghod) @dgrds Ko CH,O @36 30 amu B (B550°8 EOA Gotnob. 2. E3Y
KrS° G, 65507e0 ((55350°8 180 amu eowd. Kp8°E Ghog) HEkmen &rEeR) Agawosod.

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

4. &ﬁs’qsaég 26@(})5 0B @8y EONS 2633&%260 (B50°8 wexoe 50.1% 60‘95 S8 49.9%
©8)esS BON 500 Beood. Sapy¥so g KEFRS Jr@o HO?
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...........................................................................................................................

5. TESER E =S 00 SGSE E&rdS JoBad SipEso. A, 0.1647 [rewe K5
TESG)S Tog) SXareaed 85 W%}O@S‘S see)o woe 0.5694 [rswe CO 688 ©&od.
$o0c%w 0.0845 [rewe H,0. 3RE"sESE™ & drosee e Hokos.

6. 2GS, TE RS B e VayFko @y 2.4 ([rewe s 3.52 CO,Q 508
8o 1.44 [rrswe H,O. & éﬁ)&%‘éo e (E55950°8 60.0 Docsere HoTed.
®) 2.4 [edwe éﬁ:&éﬁoé’s YR, TE RS, o8 (o8 Jod?

7. (i) 24 (oo CH4§S Fegre S5 23808 D0 (55078 edes ©Sdto ehHod s (Bod
@&éégé‘s?
CH, () +20,(g) »CO,(g)+2H,0 ()

8. ©8gS® H_ +Cl, > 2HCI QR [rrewo §8S, Cl, 3rE"=S §86, HCl a8 0.245
(rdwe IrES, Hze%'8 SR S8; 28PN ©Sd8o dome? HCl Qo8 28 8od?

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

10. 528 e NaOH Q Na,CO, Gog) (9858 Toe ardesgdbone S0 Db, s,
Ca(OH),. 2.0 8&% Na CO, & 08%) Bodhiso woe A (e NaOH SPoisi) Ca(OH)zég?
11. 2008 TPE S 85065 SED GHABPAROE.
CaH,+H,0—»Ca(OH), + 2H,
100 (r&we CaH,s@F ox° OF) Pswe H, 6#)8 dabotohos?



12. %5 2A1+3MnO — ALO, + 3Mn 58008 Do) DIFPA0D HES EIRIHEHOB. S
BoPosmeRs 220g Al 50800 400g MnO o) FSrR B& Beech. O (P Hergo
B0 DB Do aé)&é &o&? (Al=27, Mn = 55).

13. KCIO, & (Bob S (8850 oxoe Sasedd 30502563)

Cl, + 2KOH ? KCI + KCIO + H,0
3KCIO — 2KCl +KCIO,
4KCI0, — 3KCIO, + KCI
2 (B0 oxoe, 400 [rsve KCIO, Sty Boho E8H Jos ClL 3080 ©H&od?
(K=39,C1=355,0=16,H=1)

14. 2.0 [frwe Na,CO, $580%» NaHCO, Qo(Esrd) 38 BRI ool 2t
1.876 [e. rpod. MEo GwE) o By Jgonosol.

15. 150 [rewe o (oo 95335)263 8)53236010 B8 60% ‘éw&g@% &SR0 TE) 2B
6%&0:‘50&. (Ca=40,C=12,0=16,S=32)

2088) oo

1 Fe,0, Gw& Zrerb (55078 = 3x56.0 + 4 x 16.0
= (168.0+64.0) = 232.0 g mol*
168.0
= = o)
Fe Ging) =80 350 X 100 = 72.41%
64.0
= — = 0
0 G, T°o 1350 X 100 = 27.59%
2. a) SrCO, 3rerd (¢5550°8 = 87.6+ 12.0+ 48.0 147.6 g mol*
12.0
= 0,
SrCO, & C Gw¥) %o T X 1008.13%
b) H,S0, Gw¥ Tre-b (5o = 2.0 + 32.1 +64.0 98.1 g mol*
SO, &) Srerd ((5550°8 = 32.1+ 48.0 80.1 g mol*

_80.1x100
~ 981

36

H,50,6° SO, &w¥) w80 X 81.65%



2.2

‘éwgo ©FPRE LY

H,0, HO
CH, CH,
Li,CO, CH,0
S, S
H,0 H,0
B H, BH,
0, 0,
S,0, SO,
N,0 N,0

96235 o =53.1%
o8 80 =46.9%

2.83% 100 (. BT, BDBJHowS B PGS Frde Koy

46.0
o8yl Frde Ldogy = 160 =2.93 mol

4.43 2.93
96?35 B e8yus Irde TS0 =293 293

=1.50:1 or 3:2
Empirical formula of the compound is C,O,.

&s éwgo GoE) gPDE @%3&@ C,0,.

&3 S&EBeaost
N, (g) + 3H, (g) —  2NH,(s)
1 oS 3 QoS 2 oS

0.207 26 N, gives 0.414 oo of NH,
0.414 26 of NH, = 0.414 3°& x 17.0 g 3o°5'= 7.038 of NH,

22.6
226 go FE=S = o - 113arde &S

11.3 S ZR(E%S 500 2/3 x 11.3 IS NH, = 7.53305
37

=2 443 mol
T pofTHEme



5200 NH, @555@’3 =7.5337S x 17.0 g @S 1= 128.01 (7w

CH, (g) + 30, (g) > 2C0,(g) +  2H,0(g)

1 oS 3 oS 2 eSS 2 eSS

a) 416 x 102 3rde CH,, 3x4.16 x 102 3rde 981238 DIGPA0DHE0008.
=12.48x 02=1.248 x 10" oS 0O,.

b)  vrde H,0,2x4.16 x 107 rSe H,0 & 8500b.
=8.32 x 10?2 e H,O
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DORIED DTR,0

Kawq;(“\)cl Q) Jo%eso, L) O oFere Hdore @Céécﬁazéo 30“.’0@&)& BraDSRRome
QLT % SOV, éw’go HEETen YOS ErdProdosndod, S°aaée§ DBRTPED Nepl-le)
800 OIMPPS woer éaasp?go. DBATPEDD) (a’smgo (ﬁné& o8 V) DEBHB gei50) cfbaé& Eigelel)
P55 Horss (.50 600-400) rE80H H0bkm (A% BEDE0D ad@EoB D b L0HE
B0 Soad. & dHchost @’Jcﬁwmé%é STPTRED BY). 85D gPHS &mé& Soreo ‘odo
QBosBo HLTRR) DPe €508 D eorH&HoL B B WS S0P WFEHE God. HOFED
B5og0 [@r80508° o2& W%ﬁ &J HESoee ?ocscsoééo HBore HESee 5P Kg)zééatgéowcﬁa, 28
BPaHS Boder AchEredH DedhHosorr HH00N0H. SHaE VS HRrE’ HESTenD)
DEHIDTE SER), ©oBBS JTIE0 oKD BOOB,

&3 FBoS® S HESTenD) ), @oéétgéé Nepicsle 80D 362)%30&5"63, & Joes0 B céc‘ge
305y DFPLHo20TPeRD @go BOESE8 g DD HEH0d. $Hd et Sk G KD
363)&400@63.

OFHD
& TPB0 SHS SHaes S HBY Vodhrienirbeeds:
© DBEen) TE) (FPHDE Bererd rHBoNE0
. B0 ‘oﬁé Gog) (R D80S0 B Tl POTPOD DHBoLEO
© DEHSHIN0E DB AkDoSEo
© DHSHIN0E DBBeso T ©Fee ST HHOD e B HHdos DDoBE0
- TEeS Gw¥) Ty $EHe0 HBoD $GoBEo
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B/JCS"gO K085 TRGHRS D8Bes0 cﬁné& SBor Bea LRORSBD D3OS0
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HBSTenHED VTR T, Hograsy (el Ach&o

508 Sogged dee BOHo& 5B B [Poggs SGyosto
5,p B d wEErd) Gw) wseTred NadKo

SPES o)) HoSEo

TPOLBHS Do Gl QSsFowo) Koeed) DHBoBOG

9 §° oe@ed) Q&DoBEO O ﬁ@é 2F0EE0 BE) S0k ), DDXeR) DSBS
Hergo Bakn DEGHHRS ToE), Lo Ses rotks DHBoEO

RIS 28 AwE) @V W) Ersrodoto

500D DEPAES IrKd GwE) wHEEED DHBoNE0

$ELrenHS’R oS TE), Hogry Digresn Aabio

Q00 Koggeld dae BOHo& 5B B [@rsoggEd SGyosko
A @¥) wseTred AGHEo s, p, O d 8f)erd) Een

&S Beoo HBoSKO

PO G QWIFowox) rEed) ddoBEo

o9 & SrlEed) ADoNEo DB

505} @FEE0 T0E) 5005 GoE) Achard) B0t

3.1 HBEre0s) Foo¥) (PPNE Beew

1897&% 2. 2.0 @@@5&0 HBSTeDHS® 28 erisore EPT. DB DS PO

cDeangﬁé 20060 WREO S8, (Be8 Trer SENND edHS 5065607:5"63. 2.8 BBy DSgS
éééoéom &R EPH880DS, HB5en NS’ HEP 208 B WRFo SO © BIZPoSDE0D. [
HBET @erS B, BTrrEE St BBVOB, B FTRE0 BOAS & DS Beso.
3SR SoB DI 1840 Bey 2t EDFSadod. HEirmHs® Sdwo @R,

40



QOEY GO0 DY DVHIren (K03 €88P0NI TeB0E EPHT GowA BN (HATPeD
edomeaw. GTRFEE, 50090 HB5TE0D) (B350°3 _;’._F@saa(% HESend) Bod Bégo@ €008
PO, S sPRPS ?@5&5 HB5Te0D) @656?300'8% TPTPY) TPerd BEY )en Eidedod.
B0 H85r)S ) (BBerHs® DAl (585oe8 BOAS g6 Sero 6B IrDoRos. 06 2
TEE G B0 Lo B & So%E 19328° SrlerS o 8 TG0 I, ©othily
BESEnIeD DEBSDHTR B, ©D H0otd (FPHNE Eeres® SXTEATEDR, T8 oftren HES
3.18° QEITOW.
DEY 3.1 (PPWE Seren DB & oFeren

e Qe Ss08 / 8&° TS T/ FOE =8
@O@SS e 9.109 389 x 10! -1.602177x 10" | -1

©¥erS p 1.672 623 x 10 +1.602 177 x 10°° | +1
263"5@5"5 n 1.674 928 x 10 0 0

DBITEDYED HOT® DY Seros® S5eEHBeom S'°83€:D;, © @oéétée‘é QT2ETY EON Gowed.
B8 Jerriost, HBSrend cBwéZT e—9oé§§é§ Do2xe0 B0 NN SYO 88550k Hdo
&% 0ePSm.

3.1 wgrsdo
L QoS EwE) (B350°8 (@ferS (53550°88° Dbexyod.

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

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

3.2 38 Skoeaeen

DEEPe) DEHOHT IS 595 ApBoliadsd Shaed, FREen DB Qo)) ©go
B8 HT08 (Denen BB, HEEre0D) D) wodLE Jo3e0 8%0 oJ8 SHemee
(©8TOoearTom. 2.8 e JoYEE) 2.8 Srae Hdorr BB IS HoHBo .. TS

41



3 Boha&od.
3.2.1 &S S

BanG ersaoe3 SahS D% (HRerTPe SEESOTe.. TS HBSTEdot b % Baoass
Fr08 SRHM HOKBOBHH, TP wodtr wFE DY) awerad Jrod oY BEBDE™
GTCHA (DBIFOOT. G ST (H0o 3.1) DoSreny W) PO DR S @
OB

B0 3.1: S Gw¥) $H-HECR ST o JOFTRY TS S BN rHey &
B D0z Jedean. BN EPFE Ber DB SLorae 9 Eree Deod. Hote® Hscd
ey SRR, DETL0 (R KoedRa.

22755 (1871-1937) YT 8=EE $§ (1856-1940)
1906 8% 0S8 SFBS w8 19088 8rahd w(Hos® STBS awd romrd.

3.2.1 5r§6 $§ G BRerio
TS (DBFHODD Dore Heen QopesR) éééoiéw@% B [Srle) ég 20 B
B0 B ‘D)~ T H565He HRPKO @S BT AEromd. & [BRrKos® Jorr 568
42



o) gere (5% Sdaho ©O°RY) Hoerd) worrdo EwE) weer KR TS Kowe Hoard. o)
Leren JKTP 0P BB Howe I¥eecH, PR 2eS e 1D00BSHN ©ED edoTetd.
), & HArHo oY) TS HOTEen (H0 3.2) Trer wHgEsore eanon. e Sired OH
ot S ko KEpotabod, =8 38 Beren B S0 500l HEK Sogeow. HES® &2
O $HH HFT, HOEQ w68 S0 Hgran dak 10,000 & 1 Seren ZHBP.

F i e lectron

nuclesus

sanrciaf
alphia partiche Feiil it

Pl irgwaplihi plars

He0o 3.2 o -Bw0 KJ@QKJ&@ Slsxvitatel He0o 3.3 555 ég S
& $Ozren Ergl $§ & PArRS TS Tro8aan:
o HBEPEND) HBSenD) Eﬁaéﬁ?gé‘s &) 508 SIS S JdoEre @RE [Erozed) EOA &ob,
6 & v 2O Soso.
* OBrENR) BoE) InFo BJ 8580 5800 @5&6?30'3'8@‘3‘5 END griio Zo($8os® eotwod.
e DADS HBESeDS) sp‘@ éoom 0T, 30 wrer AY) O B0ETRE aoLSSQéJ 8OA
60008 (Hexo 3.3).
&g PO [©BFHONS Shere Do 3.4 & (8o IS QFore o Beo DOFee (HAerrest
K880 DHBoN0G.

"

[ ]
L
[):Si\?—q . ]nndeﬂﬂ:led
-

nall angle
deflection

Large angle
deflection

He0 3.4 - B ‘é&é‘o’;ea [EIssote Heo 3.5: 86 ?{3§ SSr IHego

43



D0 3.4 POz DRBes

and, §r55 ng SEomess® o8 D5 600, e8RS TBwE) DI D8Ses ?oz:goééo
(5750, &BerRB &G w58 Frod Beeo JoBBo BB Didise ok B 8 &% %Hob.
HBSPenHED aeJ[_srgﬁ Erre 98P0 Staed 2HKo0, éécgéeaoe‘}‘s 6080 H© @b Jbosvo B8
‘éseSSQ)é)oCSEO w@@a&&. e‘éééq)&)e‘éom _sso@éo zﬁae}g Yol 06@5 a8 2660)%;096 zﬁw§o Réxo 3.5)
el '550@59&21 D8020d HBAH HESTEDD) és%@o&. ond, 3O WEKS s, [evlete] ég
D0 HBeds) T, %36@5&)& D5BoSLost DPOF0HI DY)

S REn® SEnrardd Keon HHd entyekerya'd ‘4)§ o8 3)@&63 “553 S8 Sodherdod.
&3 S HEETenHSED aogé 48 &mé& s‘:goé)éésa (s‘go@ézﬁ%) PP SIHTBeA0N0H. &3
TRHP0 TPEWS HEHre0) Tw), O $gHL0 Toe drdofaliod SPed) Hghio TnE) o)
®go B08%5to Denzds. B 850 Hio DiigschIed H8Beso G gera)) 980 SoefsKos®
GrEodTro.

3.2 20885 (B&Heo
1. Beas) EooB) o0otdH €0088°e Begrod erde DDA,

2. 50 DB oc —Bew DOFDee (BTN OFO IE?

01

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

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

3.3 QgSchHed DBBeseen

DEFBADI0E DBBE0 W &8 TEDD 48, 1d DS HOH wehrod Fere Grbdod®
©0STE0S® [HFE0 WHBHod. DB HIFBo VAHEEIB D HrEgEvo WSHBo B, BINOH 0,
BSeE508E o, BB Borren, J5)-88een O e DEGHRS IT8RS SN

44



DT DEFEoHI0E DELerdE Q) GTrsPBesen, DISADIN0E HBBe) oo B
DS SO0 WADIOS F@oeore SrHoSHLD). B LETISED woworr &) Serod® S8orrenrr
(5eeBon B %52 88s® Lo (D5edPon. (0 3.6 () & D8Vegcen sP0S SKos®

[©5eddan (8.0 x 10° ms™).
oito

Crest Crest

fessssnsssnnunnnnnnns]

ANVA

X) (€)]
H800 3.6 : () 2.ETITED womore (HASTHoR 8)&)55 SB35 e—so‘foﬁ*zoéé :51@0263 o205
Qéaagécﬁﬁ"&oé SBorren B %3 &I () Séaéédﬁaﬁg,oéé SBorre OFEeD

3.3.1 Qgichored D8Bere wPED FoRen
GBS DBBEs0 BIY OFETL THT® ééé@oiﬁa)ci)ééao&. 89 :
BoDID0NS: 36 &3 (8oh O Jredod
$Sorren &RHST 10Q &, vd oo & S (¥ S ddrdo.
goiriggso: u6 Thoko.
Bt JSBd Sbonre %e)ome S SSorre @smo 2.6965 G0 $H80 3.6(D)S® 508005 dSore.
& B ©g8o eroeR (4) ooe SRS, 9B m, cm, nm 8o Angstrom (1A° = 1070 m)
Bore H5EsbomHEon.
FSedRge: HAD B BT
RESHH 2.8 07 Hotdhy tbowe (BoSrBoRsSon gomen Sor doif (S Sogg. B (HK
©EBO(v o> THT® KRR, 80k IS dore #588805 b (sec'®). &) F (3rF) o
B 90tTd.
Sonl Jogg b JIKo
58 e FEDD Sdorre Sogyg. HAY | B ST, O B8 SBori@gio TwE) HEHY
SR8 $kbo. SIchrdes® m™ (&b 5355)). wand e8P0 cm™ Erwe SEHHID.

45



(R0&e5 555Y).
v= % . (3.1)

3o: I Bdabore QEQFE. 2.8 DEHE’ Eorren (HASrBoDS Erdo. Jrrl) JELD oes&®
FPoBTI8 rGoS® TBsHersRY Moegs® Stor QQO@S 10BOTD.

>|o

c=v]l &@ V=

D&SBes Fiso 0GRS0 SIS SoLDOR. %J"’Eﬁéoés, S50 3.00 x 108 ms! & dwdo.

DegBADIOS BBeTen Begre OFEFeiDd Bt WrHTEaD. D S0P e, S8 SYOETeD
THAB 48 B rSeien. EIVOT 08 HOXTEER) PP Wotr. ROt (T PerS)
Sog) 8 DBBes TPSsHg0H 2P ETPS0S® Gotnod. S BolodE KYowoo God.

E=hv (3.3)
S°5oé.>53 g, 48 éééo?ﬁ@ggo S Sorre éoapgés & Qo200 EOA &0nod

EZh% or E=hcv .... (3.4)

FSsengo Bdoridgo S SBorre Hogy BOY TP @), 8D & SEBere Dod Degorr
B80Ty,

ST 3.1 PETSS SEGHAS $8Y) 12 Arrarf sotnod. 382 B8pNod

& DAGHRSH 5rHeagdd FReeS. (h=6.626 x 10*]s b 1 Areaeg = 10° Hz)

S 8 S D&o8Bes TRO° BRREHE0H, E=hv Qended @@éﬁaoiﬁm,
E=6.626x 10%Jsx 1.2x 10" s-1 =7.95 x 102*]

GTPSn 3.2 ek sco8 Sbornggo 535 TS, WHHD) P08 TE) PErS ToE) 8
GSielnlelad
PES: 5 Bew.

he _(6.626 x 10*Js) x (3.0x10°ms™)

s =3.71x 10"
A 535x 10°m

E=hv=

3.3.2 8)65;5660535‘295 aégi.’:éoo
46



>8 oFprod o (ééoﬁ@%o, Pedg0 0Bk Sorre Hogy) DHyScHIES DEGes0 RIS
Sseente G0enod B3 HAD 8)653560533%06 égééoo e e, (Heoo 3.7) Hdo SREROR
égéao 0B, PP &e)ﬁogiﬁé égéeao 0P DO 8B o égééaoés Zeee DX grro.

W I Far M)
i U 10 10 Lo Lo= L Lo K1) L 100!
| 1 | | |
= X-Tays Fl";‘::t U : :1 *esr TR Far TR MlicTowase -
E = e
5 - - >4
| g g e e -y s 1 :
1 111 111} 10" .~ I o 1 1 10 o 1
FregueecT : - .
] J.-'"J -"-..____
- -
J—'— ‘.“'
- Hh—"‘
i Ly "~ e TR -
- -
" i & e
&= o % < S i
& | F ] o q“"} el
400 450 500 550 SO0 &S50 7040 TS0
1% el

Heo 3.7 3)?.6:&505:320&5 aéga’:éoo

3.3 2085, B&e»
1. 8)853585063312065 D8Bes0 @08 HWA?

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

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

3.4 85 Ty $¥deo
¢80 rhote SrEgsd) Berekn N0 HIHD &itr Bord (IF0DE) ol Ky Bord
8% 98 Borbhen STATS oM ) % Bento. (VIBGYOR) Eéga’aéao GrHost (20(X58e°). (5301
AN, DYeH0 WOETD. otB0E SP0d Tl BBOrGuEen AEOSEO &P GOLraD, Beo)
08 DG BorHent™ NnH5oB Jooro SEowe QPR oLTA) s°08 Sgéaao @ e, HT° &
47



TERSes Bngowro. herd)s 3N LA Hgosto S8 e Sl H88e 180D DB
B, GO g Vaaren wxer HOES® (HSE50SE B BordD BrEow, TN eBHDHY)
$0e BROB, [FRODO B Bord Hoerid arod. wendod P08 Hdo HeEo rHow (B8
980 Tpe Desorr JESBH0. 53&3@25953&0 ©0ETR.

N

$e00 3.8 VBosY Ldssn T 5g‘o’aéoo S0y TR 38)0‘5:@:’\30&.

3.4.1 ?@sess H8Srend) T SZdeao

EENS %0 58 PE%S araind) BOAS BETTFO DOt XS BHY [H38roDIYH, @b Tod
5208 QHB WO, S8 o8 8380 1ot HOHIYD @b Bt B Srsrorr EDEHE.
&8 JYHL0 [E° WOETLD. &S ) B B0 (0 3.9).

{41Unm

1330m

{306nm

Prism

58 556 (1825-1898)

B0 3.9 §TSE08 TS TPE RS T B Hgdeo



TERS $PHerQ) HET DZW0IIYD, 9 8IS RS, §TSE Hobc Hooes
Erozres? Q) ado Tpodh EDA Gy EHOFSadod. &8 Spod AN TRHS HO8DoT.
<] éga’aéao f%agé Bped a8 Jordes PSltte) rHoE® e éé%é@oiﬁézﬁal):

V-1 RH[LZ-Lz]cm'lRH=109677cm—1
A n,~ n,

AHE n, B n, HIFY Koggen (n))< n,wd» RH &I 3& ea§ %’g@oéo 0P
?@8&5 HBSTee0 zég‘o’aéooé‘s 550008 DD Bzeer Ten, 7S @832.6&65@@ 00cw n, cfmé&
Denden O n, HEE 3.2 &b BIRITTOD.

1 [N [®]

S8 3.2 TEaS YESHS BHI0DS &ord Tpo Forodo

o n, n, SZHer0 TE) (FPoBo
BHS 1 2,3,4.... 080 ers

NS 2 3,4,5.... S8

Paschen (P& 3 4,5,6.... Hoetoes

%08d8800 4 5,6,17.... Hoeoes

Pfund (3%0&) 5 6,7,8.... Hoetoes

PEPS H85med) @)D§&é‘ép B0 S8 H6Emen SSome oo D000, B8 DES
3.5 & Syosedod
GRS 3.8: n,=3% @krbeorr &b Sy oY) BEorgon BEoBOs.

I 1
=R -
H [22 1'122]

P& 1 eb (Bd (oo =
e¥& RH = 109,677 cm”!

- 1 1 5
=3:v=109.677[—-—1=109.677 | —
&% n, [22 32] (36)
1 36
A= — A
y ~ood 109.677 x 5
=6.56x 10°cm

=656 nm
3.4.1.a 5208 GIn¥) 00 Rgrodo

49



P08 G S0 KRgPH0 S8 DHBK0 HOAMD SP08 BB &P BT DBBoTLD.
NS, Séaécﬁdﬁaﬁgoé ?ot:goééo J5BHoE DHB0SBY & $588eben &3 Bod Dorr esTnow.
(SR8ES 288) wotrdd)

.« D8 BN Dol RenSE D80 oY) Bgeso.

.« D80 TBIYE % eNdBwo HHod QO[T DT°HBI0.

-+ D eSPKS (Hbabo DSHoTre G5 @&goé’s S0&g0.

© TEES ©H Sowohod [HEE HBRHI8° HEirde T Sge0.

D HBodoH InEB POBDI e H8) o 1900 &° mEryd. @B drrogo
(95780 5008 ey @ hendad 48 oy AX) FBLE® Dbde ©HEod Tue (BrotatdHEos.
58 PPrS & PR IvBos® €8 Gotwod.

PerL 5208 Frd8 JXPIHP Mo8® [Hasrdran. D8 €8 (E) ol a8 (v)
LTRSS Sotnod

hd  Eavi;Eshv 3208 Gw¥) doroto @otrd.

h=6.6256 x 107 Js = 6.6256 x 10?7 erg.s

aros ‘z”ocgoééo 38 S0 (@5 el 3&(%3&5{3) 2008 BenSa BBIDNSD Dachdosore
DHB0B. PIHTTD 38 DBYH 0D AYB @D Sorgoge BBGDHNS DB Daw.
aTede: SO v T B THBYYD, ©b it VEIPHS AHYH Eorbs®d SrthEob
Ban GRS DENE HB0E DY BordS"8
Sr%008. B HBod I& VBYD, IenSa e,

BEDRS Bere, E5aed Joo BorHetd SrdEod. ‘blue) (Deo)

TPBEIRG0 HBOTP, BenSe CEADHS B0 TR0 T::'Z?i_. A

K008 DLpgschIR0S B0 T &S P850 (QBHY) [ -

[Eromed8 BHHrHoBd & ©80. O EUOEOTN SR

Dot T ([{Brod etk HwHH F b od, /\\
©erod FH TR ISR BEIDNTL erf el ; : : : .
BEGHIS @ @otrd. e Fdo Send) oid 0 250 500 750 1000 1200

oy 5 bt Wave leng 360K 3o )
IS a8 &Pen P¥o ol FEE° DY) Bolgo BOA %60 3.9 908 & %@iée écé o5 ée)é
608560 &0 SO HYJ DHAT08.

S Dbl TS SaGES

Classical theory

o A - T -

50



BT HBLewo ) HONBDD TSIy DBBes w08 TEELHS 35BTE @3355(3 XS SEBSD
BPOL. Henyd FQPY TwE) DG ﬁ%@é@ Eétg ©ow BENH0H HBsen Heo 3.4. L(Q)E® iﬁ)ﬁ%)oiﬁaa@ow.
BB egkeHio DBBeao @) Jerso SO Sy g eEPHERD SErEHE Gotnotsd SrRRod.
Denda 38 JosBorr éé&@go&aé é@ao OISO Bpe OXO° te0N08S Dorr Goted, =8 0
e So.

JBBe e57oe) erkaddo Rohso oxoe &8 (808 @qgésaen é‘éngsaaqgow.
* 28 87 x%s?g@ﬁéé 8, 08 & o) A5 ééo?@goés 0%HHo8, ﬁ@%c‘oé D5 0008,
EoarS BrHHoB.
. e 3367%%"@, SES ) BpBo BN SLorGoRIE SrdEhod.
2 BAPrES HOTod 5208 Edorre JroBo errdore Hod)RhBsonr DHBOSTEDECSTE. 508
‘z”ocg;oééo o—:mé& Eﬁnasp?g ©Feen:
* 5% $98% oo Bod Beso JBoBBo B e VbD.
* BEADAS DRE H5057e08° Hr(Bh BendrodHod, aPoS DEchIod H8Bwo ErHos®
Je0NE Soe (HEroshe ©8 SENN HOITEEIS SO0 ©F DD LS.
* SRoer ErHos® (HEedBosHS 48 BwE) Svorre agR) &) 48 sgoééésao 0L
* 2,8 52008 @) et S e’ €8 Ado wHEHod Soe [(rosathEod.
28 7 Qe sorErE.
* E=nhp; 288 n =28 éo@vg Qo8

3.4.1.b =08 D6 (Pgrdo T DN

a8 0 &0 cﬁwé& BHPDS 60080 (e PercDo, %d&c%o SBBID) s°08
Doerl8 1HBIY)D, S5 &880 Hod &)o@;Q QBB 23BDD0H. DB @%8‘5@)26?30 a8
K)géq gO% Dend Bo aéa&ém S080 zﬁw@éﬁa, S0 cﬁmé& ©ge0. &8 éaﬁcgs’qdﬁﬁﬁ)& =08 8)853?35
(Kerh0 ewotrd. &ste Sord 508 Sreradho o @@@;ééa 2005 HoDROBD KodoL&od,
=R B BB 6K 6D w08 o Herard) e, PEPABEE Werko §8 R
SEREHEETIE Db ver sdwbod wef a8 {S. o5 @ng) HERBAHIES 8Bmo TN
SR ‘z”ocgow@ol (@PB025 QoYM &HDPA0D & @5638@6@5 (Berard) DHBoBHD. seos
Bborre Sdurae KoY FRITPod DNBoLEFeR O ?85 TFHOTD. DR, 08 Bew
(@Sw@)és EOA 608D grAD), PerS &) 48 (E) @a@sﬁb& 2022080088 . v) Voo TRTP.

51



E=hp; a8 n = 3Po§ &) Qoroso. @66‘896@5 (el e—sgo B8RS G0 Dedso.

w\/& Metal surface

Vacuum Chamber

L

Battery

%80 3.9.b FEPABEE PerarR) viiehto Yohnr K0T, a8 IBH FRedie Ko o8

FES ol $e HFRS S adddorR) THHoh. JOFR o Kol wche

Ddodoieran HBH & KB I8 SOV &850 e Boetiaron.

» & H8ErHE S B BNS0d 8 Ko PerS T8IYIH, ©b EES $ochos® wed
B8 Eeoad QVFTIH 20D Vod HBA JVES JnHod KD Tor vekKo THOT
2ODEB HoHEE 0.

.+ S BON &) B Q08 JEYHT 608, VTR 8 2B JEYHT Gotwod HOAD
20D HoDES VO[S BwE) ’8es G ALY 0ok

» 2.8 PerS %o oY), 608 TBIYH, PrS ¥ 48 (hv) EFos™ JoS axoe
(ferotethHHod HBcn &8 $BE° &0 grro Sroet @ééle%di) 2ere 08 VTR
DEDOBES EIFDrAoSDHE0E. PP g HADS 48 DHUTI JoEES EBwE) 118 88
&0’ 8008, @otHHes %0 ho = WHK.E 95K, ho = rS @) €8 @ Teehdd),

W = §%506%) QoS3 sB8H peredH @HRDoSTRIE @SS 48 Hoc & 9§

52



P0ES K.E = 6138 Qo GwE) 18 88 @ St ©90trd.
hv=hpo+1/2 m V?

m_ = aogﬁ (E5e550°8; v= aag 306)336§ (200595 HoH0ES)

VTS T Mo, vo = BRY FI50

3.5 &°C S8 S

1913 &° J&) &°6 (1885-1962) HBkreans) Gw), &8 Srarld (HEPHOTD, Bk
QOE%Y Elellaiste e HBesed Eﬁ:vcgéj Eehenaron. §°86 @wE) S8k Sure a8 KB
QP00 @Béoiﬁea&o&, o &8 (Bod Jorr GIow:
L QoY So|g580 e 2.8 ABY Jzoeed :éméoés Eehenzrow (5¢00 3.10). sadS & Tsed
SrrTred gen ol HOTD. HBCH VR &8 ASH 85 a)08 oo TR B S, 48
QBore. 0008 @ (8FHOTD. Wothded & EEod R oo Soe X0 28 B D80
BoRA B,

.
$00 3.10 : £°5 ) IS 19228° &°8 588 {os® $as
2IVXEI BeoihHTHD.

2. QQLSJS &S 82 205 5%0 S B Aeho TR BEo Srgyielh. SE)0 ([XBos) 48
‘z”g@ e aoggﬁ, Ei 480 (f8roiitio xoe (08) efs 48 ?g@% Y.

(S0 3.11) & OXO° aRES €8 Gog) 28 PPerS

E=hov=Ef-Ei......... (3.6)

53



OBJBOM, cbeLs;5 &S BES 0BF [@rvods 8 28 Dol S HE B8 ?C\D)@% SRS Ef, 4§
@) &8 PerS ho be @HHOB.

D80 3.11 : PPerS G Fies S0 &S0 aeggs R 8 Egoaotb S8 se8reshddod

3. oS @) Bk (BIRHo (5508 me, agRrBo B o TN HTes EES® Eeo
@0 /2 Bw) S5 Heaso.

m,vr= —
2n

a¥E n O30 28 83 Kycegoéo, B (S SX0E0 D08y [Slelnde)
TS SESrend) T NS g8 Jolges oY) 488 &°6 &9 RTFoTreRd GO0
&5 (808 S888e0% Tromib.

1
& @), 48, E. =Ry, (F)

556 R, Q 288 @ﬁs@@éﬁ Qardomogio OA eotwod R, = %
ISyl

m = VS B (B5550°8 h = 5208) doro¥o

z=Bo5¥ ¥8 e, = S0°E%00 G S

e = oS 4§

58 ééééésaé’s 200es DO8B0 ©0& SolEEo HBAW ST A @éélz%oﬁaga_)é DBYE S 00,
54



©08 HBESenHS oo Fgro Lo QO & EoNoWTeI8 IBY 0B 8 (90HB8Bes
B wotrth) oiisnHob. 56 o e SR8 HSErHFE0S” eI W B
K$Q0UNHLY). S0 ‘éospag n. erod n 48 @wé& Qe Do (éééa&zé amsawé%éom S aéa&é
émé&éom L& 08). @08 LHdo _sso@ﬁéo 00D Hdo& Krdo 5§ §°§ é§{§ 58 DEHETD
€6OEVOH.

3.5.1 &6y (%S S85re0d depodor:

PEPRS D88 S5 SoBos® +e8° o8 (DBerSH EOA” dotnod. Y a‘gﬁgo [g{5)
HTTE 8&® Solso DEXP ‘¢ 6 VR BErHEOB. Ereod Jadsvo [Hsedo, Zo($8o KB
030@5 © S DgEEYee w0 &8 Hore BRHEOB.

@ééls%oﬁa 200 = -e%/1?

90 SoE8o S VTR o), 8 8. DB ddore &0Tre08 Bo(EEel8 Brdorre
DEPE 9HB05E 200 HATTE.

T8 8&6° Solsso e Qo7 QS POBorre & WHSoEE w0 EHHO. B

l’l’lV2

Jirdo 2% m Wl Solso heap 61 QOIS (B550°3

r
5B T HTTEE B L0 TGO
©0thHY 1S 858 Solsso e 67 QOIS ) [DBRRTNAD 200

2 2 2
-~ -mv e 2
—= or—=mv- . (1)
T r T

555 s‘goéoﬁa Qe0tss & (Hsedo..

nh
mvr=—
2n
nh , n’h’
V= o) Vi=——— ...(2
2nmr (or) 4’ m*r? 2)

F) J&880 (1)8° V2 o?wégj Qenddo @@g&oiﬁm...

-’ mn’h? (o1) n’h?
— =———(on)r=
rr 4An'm*r? 4 7*me?

2 83% 1 1, e (P8AK0 SeroDKLond n' ST B 56

55



n’h?

4n*me’

n S &g T (1) = . (3)

h=6.256x 107" erg.sec
n=3.14

(aeJLsgS (5&550°8) m = 9.1 x 10-28 (e
(DolxeS B wi¥0) c=4.802x 100 esu
(3) S0 nth é§§ () Denderdr H&gseo -3 @’Jé?g%aoiﬁm
PotHzeEn = 0.529 x 10¥ n* cm e 3¢ n =1 wand §6 Gw) & (1) =
0.529 x 10™ cm = 0.529 A".

" Denden 1,2,3 EOA 6oLy ... 28 orses g Dogy. VY DO BRHS
¥ BFgen oo P00 LB QO[S &8 @0DBONS EFgodh Sor(BaD @BDOBHOS
QRoIEod. ‘0 RO Srdodean & Jrdes 0850 ([HEPS SROLRD HogRed WL

Qo[ ¥&:
o8 858" 8en VTR TwE) IwFo & w=d) 118es 8§ Hdako 1B B Voeo BodhKo
(Bmess0).

l’IlV2

1
2
(m &6 O[PS Go¥) (B5T°8 HOAD v &6 T &Ko)
B0 TBe0T IV oY), FBYIDS G =-¢* /1

QTS AE) Sodo Sy Kdes 8 =

2 2 2 2
2ol oo 8 ~KE+PE= %mvz-i:e_-e_{mvz e }

r 2r r T
- ez
SN Q 48 (E)= —
523 o €8 (E) o
n2h2
DD HETROL® = ——
4t me
-e* 4’ me?
n 3 EES dolges 48 =, = ot
2n'met 1
n= h2 )CF

2 D08Bea0s® ‘1’ DBF WADD Do) QO™ €s0era.

56



21’ me*
2

-K
E,=— where K =
n n

VI aécé &) m,e,h HOX 7 T e @&é&oiﬁm

21.72x107"° 21.7x107"° -13.0
= = Jor

er
! n’ n’ n’

©oLNeD, cDQ)LE‘g(% (E) o?még, 38 ‘n’ Dendo 33@ S) S%éq HBOWE Dendodd éﬁ@é&so 8OA &

0800 BB ATBOSHE). ) JoE°S 48 s‘goéf’)ééeeo ©OLFED. &8 DO VY 5B BOAS
Q € —° @ @

Nor} é%@é‘s S(ad BBIDSH0d HBI HAB &°Q) @008oLdES B8 3(;033@3 Soe(ad Goerom.

& B (K5 48 ﬁgww T (H5°0 S0 Rihen @l Erme ©otr.

E eV

-K
030@5 So¥) B EBe0sE 48 En=7

00@5 Sho¥) 48 (s S50 Kogy n G0 250(:?0% DS LRI B0SE Sotnod. n Jend 287
0, 8 Gw) THE0 DDIHEOH O VTS W) & o) Dend Erre Shgdodorr
DR

n &) Dend BRI, By To¥) aedo nbako o0 88 @) Dend EHEod. 16
SBerensd TR DotHEOB. &8 TE S H85ed) Gng) QoS Tt EEE° BrHEHRRND,
3 ofeomr Gotnod, wobdy FFE S VESrmHD KR 6T B0k 63 E%S
DELen) Tog) e‘jﬁﬁgon €90ETED.

BolEEo ([HErH0 oD LR kwE FobIYD © BB Iy SHotrt. & KJ@?&)@@’S
cDeangﬁ (5 5000 Dogy ¥, %))6 ?C\DJ&SS Ko080 DA Gotnod.

(n) = o 5B BID WADIE FPE S HELTe0) WO, VS SolEsbo To° 8 oB0E
B S e 48 FendtdHEhod Ldakn ol 43 Brh&oob. ¥§ Gy $808Bea0s® aves HoBE0
08 Ko S28es0 B waR) 8 HBA n=1 &¥) 850 288 K022080D T JEEX)) B
DOKob.

3.5.1 ?@8&5 DESe0d) cﬁwé&ésp SPdero Tos) DHBes

5 DB BokS (HBRES [H5°80, a8 VTS Gho¥), HOKGSE® Jeose 48 (v S 8
28 Ei ool &H& 1B 4§ 188 Ef $8) h, =E,-E ;7 sgatd@od. 1.8 5ol 3§ g
é?gééésao:éa ©8ZDoEEo Dedhso oxoe 0 G &t 980 Sr@ed) Pty 3.5. &
Qigorr &6 S HEE 3.2 Heo 3.12 & BoBREBoNS Diore FRETRS TwE) $5He0 DB

57



o800, TEES HEITen) Tos) 48 Jpow Bgrd(Eo 08 KRN Ty YED & S°BeagdS
HOBEIK0 (55033 SrEyen) EHrHE0b.

0 ————————————————————— n=w"

n=0
n=3
—]2=4
+ *Pﬂschen seried (infrared)
=T " n=3

Cireen
Blue

Rod pl——
Vi{nlcl‘ o ——
f
=
I
[ 8]

ENergy  —

Lyman series (ultraviolet)

M" n=1

De0 3.12: H-585ee0s) G 48 @C;ow B0, K0S Ty DEHe0D et $3P0
DG HOHEIOD SoHEHob.

3.4 20885, B&e
1. E%gmtégo“)e)o Eevlelovvy) @YY DBHL0 Loty B HB?

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

3. &8 &6 B oy 8 (e S0 Koy ‘N’ rBos® Qe LrthEos?.

58



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

3.6 SBoito - Beo Kgotkeso

ES 3.3 & S =0 SwoE) SBon gPaso 1Hdo) 3633&%3&63. 08 Gw¥) Q) oFeen
&P DNEI0 B Zéeg@éésao oo BBorre REPH0 eEPdorr DN00UEEPad % Ben.
éﬁi@@ 08 GIwE) Beo EPRI0 erdoTe (550 5008 3)65355 (PS50 HBAW P é@éa’asao
3508 §°Q) 388 ©Feren DHB0UIW). St Jorr 5008 a8 Sdorio LB Bewo Tokod eFered
BOA &) &R0tk erard) BOA G0enoh), e, 5208 §°Q) éé“?géﬁ)@é‘g Bea0 8 (50008 O
888 é@?géﬁ)éj BBoro S8 (H50Fow.

1923 &° a8 o (305 F8E TRE wand erand & () F o8 $80K, S derard)
iﬁ:ﬁéﬁ@héa’g@&o, éat’g Begren (STe. <De>(§£5) BBorre F0& ©FEPO HothE EDA GOERENI
THOTT. éwg Begren aPRardd SBon grard) BON Gomred 98 (HAPHOTRD HBA m
5550°8 Ko Bewo v Bo8® Bbendr.. @reos BBorGoY ¢ EON eotnod, ERFG & %0
BEorBLgo Denrdd) o G FFiyee GRoe Bwiod;

h h

mv p

eBE (p= mv) o360 Eeeo SBE), @62;6?3350. a8 SH Ay & &% ééoﬁ@%o o> @éé&gmébé
QST Lrs08 Sotnod. h (ﬁ))é& HOIea0 wrer DY, TP D BHodd @éoéoé‘sﬁ PRV
BBONGL0 HDAOUTEAE T YD, Db IEErds a8 88 3{:250.

&TEPSes 3.4: Kot 140 8.8 B5o8® DWBY 380 ((Piwe B (@S 2od8° EIA
&) & (&%) SorigogR BoS0d.

PS: (888 2008 (5855078 = 380 (7v.
59



=380 x 10 kg=0.38 kg

&Bea0 B 350 = 140 8.50/50

= (140 x 1000) / 3600 = 38.89 & 7'
(83¢5 20088 K50200H0DS BBorgtso

h 6.626x107'JS

mv  (0.380kg)(38.89ms”

& (& (1892-1987)
& (&0 1924 &° 8% 23Ir58  HRYE grisore
B0 Eep L0t ATTOTRY RBrLoTR. SeddH
19296° F8E K08 FBS 2508 ©oDob.

=448 x 10¥ m (J =kgm)2 s?)

‘DQLSS@, BBor e i55°33_cs_00, <] aeL_scgé D020 BB0rre ©FEgHS DNGTPR) L3eeEOL
POQTD. 1927 & 22758 HBaM V.B.ADGHS IS Gwg) PBE O TxT° TS
BBOrre QXTI @3&66305‘36) (Her0 3.13). @oded aeztjscg:ég &t 65065 é‘geya%‘{& LoPHTPON.
©08, EPFY 8 S KEPar) SrdRow, HOERY) $aird® 0 Sdor SErard) SryEea.

B0 3.13 : 8BS HBLeS® oS %Yo 358 TS =8 (1901-1976)
Sloer

60



DR aa§ =S 3)&5“‘)(’38 1932 & SFBS 2355008 ©dodod.
?;65 28 Sw¥) @B SrEo
wwgo K085 BBEDRS o) BBon-Bes ROKRS To) 2.8 Lo0ggFd 5’36&5@@?&& 56&5
8 @8 1927 & EHPan Hodn BV TEADHHS D8Lemo ©1B)B Kr@o ) Len . &
Qoo (Heedo’ 3(;260 5080k Bifo Bo&oB) Ve’ FeBto ko . VEForT BILoE
2.8 @@Lse;% GhoE) PINSS a8 Beso ) ﬁgvﬁ)& 50808 PNBorr E e, NS 3r¥°?\)&
BN pOBorr Sedrenrdeetd HBc HIS DpZore HBSTIIEONT, TFIS @b r(Ee) @dsrsd

Sore $58EB0SHW,

h
AX Ap > v RS (3.11)

SEE Ax HBAW Ap @D HHJe 0 Ok o GwE) Feods’ wdBjen. a8 $HH T
3(;260 g)Bore @S)?S_op (08, Ax =0 ), YYD Eiafelo o038 edodorr &owed, ©08& RK0 KHBoD
Sodo & 5?.’30)552633. ORJBOT®, Ko gHBore @@?foo, ﬁgéo PO @JB)Borr G0Nl HO
8690 IR SOKDK). o8 Lo GY) @(;260 9808 B0 D BNTLW. TP wiSBes® S8
Bo&od® 3D pNBore oS80, 5208 o?wégj JTP0B0 TwE) SN Densd seBeaorw, h (6.626 x
10)* &) =080, a) B drdo Hod 0365 SHe Boden S VYD So Qo 5005. s
QOEY Hod trer AY) SJYo Soden BRJYPL SrED 88 SEwDB0TT Gotnod.

RS @b @) (o &8 Gy IS oY) Begerendd HoRod. dohBod &°6
S [sedo b0 B @551’05@\ (93 QOLS;)’s 35260) $08050 @otH&ED ‘DoLsegﬁ 3@3& pNBore
B8)08%%)), 5°0 PR Ke@o (9580 @f Jreko S,

cbeggﬁ G0 TROLR RGP SHTWPAN Dsreas) o) 88 Ssreareold @e‘;)zée)g BHT8
B0 Ter od TPRIEOD (HOPON0H. B HEXTED TY), SN DSIES Soe I8 DSIES
IES e—oé’,)zéagé 8 &200. B 180D SHTd Jerisost $B)obadob.

3.5 2085, B&eo
1. BBor-Eea tROERS (SR0LR RGPRH0) 08 S O @go BB 0oerEn?

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

2. S ) BBors HRerar) BOHE D [BATPRY DE)508.

61



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

31 8&8)

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

3.8 DEErens) S0 Sirol@ SBolf Skarwe
BESren) T IS DTAES S 1926 &° 288 EPE0NE o8 el SRUDS Fas
TGS (BOFOOTD. 8 SR [PPEONT FFoYeo Toe KBS TR, 56 TRES 8 Jendod
DB B R IO STFEHE GONOR. T8 oL 3% Hozre PpNBEXY) 2 &
?ozrgo@@ INBTXY é:ﬁ)goiﬁérﬁ%} & Soree (Hsed0, HBSrend) SHe aeLsgﬁ BE), ST
2.8 KBS (Habadre HBorr Do), SBon (Bebobo (B @B, psiBdor (Habdiren SETSRS
0800 Fmdo JEPTPTR) EOA GTNDA groatiaran bk [E&ord ES) é@é&% (swe) ©Q
Dot ©NgeN HWEBEFYY) HOPOOBLO TNT® FPoLRETR. B8 POES TE) So ¢’ &I
oo e ) (BDEH eosTegos® gDQJLsegSéa LR Q0ogrsyd G S0,
TE°S B85 56 SWESD H50530000:)% 3% oF8 S80 (Kaboires ofeom,
B LrtdH TROLRD Doggerre ééé@oéaé@@a, ©:
© RS 08 Kogy, n
© oBdneed S0 Joad, |
© OCHIRPS sR0oe0 Dogy, ml
Bborre HDEEETR) TEBOT DOV (DIBCHE® & SO Hoggen GBI
HBETeHER (& aeJLg'égSé) @/Jééé@é (D)) SRR Kogye HXTEPO S0LNOD, B LDQJLS;S Y
BOFPIEeI8 1908 Dogrsyd &) ® B (Fromrl) DHBOTERI JEabhHEEaD. 8 [FPoTR)
DBETe ©BErS TTROHST WS o kD

3.8.1 S0t bogge (@Pkogd
o7 3050&53 éosp?gen @oé@éoé‘séb DB é§§® HBXT*E90, TPBO DO &ﬁcga‘géozéa
D5Bzow. (@GRS I8 VB0 08 BB @D 00 Kogy God, B aoLsgﬁ

62



)y B& oS8 @3%33&383&0&. &8 TP 5SRO0 Doy DD E &) QOERK0 etetaleloN
JEDHDH00. 83 S0 Koggs® (HATR (PPeggsd S0 ©80 T owro.
BTS soeRe Bogs, n

B S0 bogy, n D50 HERD aetscgg So¥) 48 3;01)20 B 8 DS00b.. n
2de0 @35656 Eﬁé?’.@vg 2608;35@ Qendodd éﬁ@é?fb EOA &0otnod (0dre, n= 1,2,3,4..) ©o&
BN E° VTS §Q) Fhods SeEdh DA Gotwod.

©OHHOD n WA VTS G F8 ToBEGEwO VROLA BYDVW). FHEes S0t dogy
Solo ol S TE), Bk ErorY), BO8 TR HOKTEER) ErTe Aawod. n Dend
EHED Eod Zo(B8o o &)o[_s;S B0 Lrdo DLIDEOH.

8 RS 85 KO0 2n” QOEPRN EON €60tod. @l n= 1 Qo7 Vogy: 2

n=2 R Jogy 8 n= 3 ETY Dogy: 18 oBSI. ..
0250zS S0 o, [
©RINTS SN0 Dogyg, [vd By T a‘g&)aéoﬁa )88 02060038, n-1 e S
B Boe dSrSore Gok éééogyg Qdogg &ty (n ORO (TS Sﬁsoéﬁ: Qdogy), v,
=0,1,2,3....... (n-1). lcfmé& DY) DB 0IDEorT DAY B5°e 6 ’éé%el) Sotrow. B
B8 &5 o8 ABY Eidete o @B er)d S5 8OA Gotnod.

=0 |s -5 8 S0 Fgset eseo EDAS eg)irg)n EDN &otood. B s-Berd
0ETD.

I=1 |HI8 wdidHesorr Gotnod P-ESBE; B eB)erd) EOA Gotnod. p-wBrd) a
EoBS @ v L. p-efErd) Surhd aTND. p-H8 eHEES°® 3 wfird)
€083°00.

=2 | B8 0ideorr eotnod d-ed8gen B egrsoty SOR totnod d-ef)erd)
o0 KoanS KoBS ©d Heodedd. d-efErS)E 5 &-wdtrded DA Gotnod.
1=3 |68 ©idemorr otwod f efrd) 38 S 28 DA Gotood. f- BAAS® 7

SRS Gotrow.
S, p, B0 d e)erdy Gho¥) eseTren SHT8 6 Qerisost B olersEea.

IS SN0 Sogyg, ml ©odTEes’ egtrS 8% Toe (FPReS AT Benod.
s‘goéaﬁa éosp?g, ml 500 éosp?g ml -1 8 08 +1 $8% AR I Denddo EOA 08I
&O°SrPeD, [=1; ml Denden -1,0 O 1 e 81A ok,

63



©0HIOE 5X0€0 Hogy, ms

S0 Hogy, ms @@@;5 ) (e D500 ©08, b ESV(AL Sl EXOSV(AL
©ONT® SHY). B0 KHogy, ms SWE & 6’36‘06&603&@&) ESSD. 63@@;5 )R T DB
0B HIXHE NEDKore SHJe + 1/2 LB -1/2 Dendre SePODOTD.

Soggorr, S B (n=3) B BosS O[S TE) GTrsede Ao omro. &3 aots;%é‘s &
0EXW). 588 1S (1=0) e @ P35 AS (1= 1) T Q d V5 1S (1= 2).. 2.83% 0b a8 p
58 58St woB.. p-nS vh FEDS rdodS® TISI worst) p-wferd) (B8
Bow0H0RIR) M, =-1,0+ 1 FOEIE" e X, ¥ , T z -wFo. Lbakw EES® vd (Mms = +) OA

1 1
SOUDWD). E) Soe SROS(ALS (ms = E) @@@55 )R B, Lot EEDH DodS @@Lse;% SIS

S°5oé.>53 Qdogye ) Q0grPy Denden Kaééé 3.38° a:é&eaagow.

‘é§§ 3.3 ZoredS RS B RodI 90@;5 o) sgoéoS: Rdoggen

B S50 LS DS SRS 9)S
Qogy, n %00 J028, SRo&0 Koy, Sxo&0 [0y,
l m, ms
0 0 +1/2
-1/2
-1 +1/2
-1/2
1 0 +1/2
-1/2
+1 +1/2
-1/2
3 -2 +1/2
-1/2
-1 +1/2
-1/2
2 0 +1/2

o4



-1/2

+1 +1/2
-1/2

3 2 +2 +1/2

-1/2
BorS 8y KOPorT 18 JoFTHD BOA &otwold Hocd BSE® (K8 wfd Trenrd KoL
Qogge Gho¥) @%é D058 DA 600l 1 BB HOOBHEY).

3.6 2085, B&Heo
1. 880K (Habobo Teoe & HM ©Z0 BoHTNG?

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

Boholk?

3.8.1 «8)ird) Gw¥) wsToen

HBSre Solo THEP JOERD SR 188 K075 Ko (@Posed) eBErS ©otrd.
Dk a8 BED v AGDoTED QoI EHMITRS 10y Bogrlys &) Solso Héap e
B0BSH [FroBo”. 15 oRerd Gl sTrirdedd SR80 T & T) o) 6o RS STRS
©ad&gro.n=1;/=0). 6D BEHS [Bred0d 85 a‘g@‘@g Sograig® HEo Horr wdo BB,
& HBo SBS Bolsso H0d Erdo B8, (bodorr QOERY SRR 00grP® Bo¥) ST
B0 BEHS @e&é’)@é% é5‘5 (580 3.14 (D)o (Hsed0, Hdo oo Hod rdore B
ol &8 VTR =0 (=0.0529 nm) Soe ZPE"S S5 52.9 pm S HOR Fowd BHHI)D
QOERD ELMTR K0gPg8 HEIHEOH HBA EBaE 550 TR Kod HBoE WrorP IS
B 2.8 8K &r808® oo Sse SrhE&od. & a8 ABY HID SEEHS Hogrsgs

65



BHH0B.

an

\

Al
|

4 i .
L lJist:mcu?mm []]L‘]liltqgl_\' 1s orbital

(in nm)
() @)
do 3.14: () 1s @5@@5 &) BBHS RBogrsss SEo
@) 15 QPSS G VO edode Tgedo

‘c602,5°2>6§é§ Q) HIH 28eP G000, ENJ0B é@@@&o&f\) DR @@@5 ‘éoe,??éegéé ),
Rormed HoRB s0d. BEAHS éoa}’éééé D Ero&FLm oT?) 5K, %o (ﬁné& DOKEeTRY)
580 DELRITEW. @oHRE, WHERS a8 DBy 6d0B Herore e, B (BB FBore
DONEBONREY), v Do 3.14 () & oS dore ao@cgzéa& SRR ‘éoar:é?géé‘s 95% 8OA
60008, WODBOD 1s EEFD a8 o Srdd.

Radial probability

(%

]

—

1?'

A

P

\

2s orbital

ViER

0 04 ~ 08
Distance from the nucleus (nm)
() @)
%00 3.15: () 25 woErs GwE) SADS Jogrsys SESp
®) 25 ©fErS GoY) KO ko Tgedgo

@ABAPOTP, H0 3.15 () 25 B TEADS Sogrsigd SR Krdyod. Héo 3.15 () 2s
@6@@?5 g, 2665?653 €00 3&?&@3& TPHE0B. BHE % Boto DRSSO K0T,
1s 858" POY 25 EEH KOFL 6008w TeraBo 12BN ey B KEDoSHW). Bokss,

66



BEHS Dogrs® SEo Botd ﬁ@%@éa BPHHOB. Hogrsiys (e85 1BrHE0s, gleh ) 3(;033%
BEB0En0d, SBTTSE @b BHEOH DO IR LRI FNoH. b0 o580 Ko KB
tSoedorv Bé@ §°§ 20 P 2DIHEHE LB BrHE0B. HVogrgd oI B 3y (@roze)
(08 287 S0oth) Fersed Srnd) ©otrdd IF-1 Fgesed SegHen Gotraw.

SE o038 wgErsSst Qo (TR E5TR Bogrdgd S &) (@Fodo. . p- B
BYd Kodo P 98)ers Gng) eseoed) f\?soéocfgg)c‘é) (n=1:1=1) $H0 3.16 & 515 Dore LS
a8 eseto ofiob. & Ao z-wo FH Dol Htd P oferd) & a8 wseTeR)

LeHEoR; PZ. Pz e8)trd Both SSen sotran; e 8B FBBS B&-wgo Joad, HTEB INAS

BE-oFo Jow totran. P-ef)ird Gy 5B Soaed ©gpo XY- 28 & oS Sogrsss
TENPSK0. werod 0o @ LS Bwo Wotr. L H-wErd) G wseoren Hwo 3.17 &°

aoﬁeac;;ow.

.
z

ov. do .

E

Heo 3.16: %3—@6@@53

00 3.17 : D-wg)trd) Gng) SUS

Wﬁm@ ) T (ST0°ED )

SO o0 Nezvgay

00 3.18 0 Eree &-wh)ird) Gn) wsTTrod ared. &-egrd)S® SUS oo ST &
otrPow. 0t &-e8)erd) 38563 ST DA GOEPAD, S°O) @2525& 2.8 $%ed EOA dotram,

©08, 8 $858EFow eferSen.

67



Heo 3.18 : o &—@6&@5{3 GoE) 660“5%03 6508 TgrdEred (sseTren)
8.7 20885, 3G
1. S, p 00w d ef)erd) Gws) wseoren AHE?

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

3. & (800 & TRT® B W wo TNHIND?
i) 28 FPorsed Seand?
ii) S¢S Seo ?

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

3.9 HESrendHe ;De:Ls;&)E Qg0

QB es57Tren HBAH HOSTeeTeD Ko HBKTEND) @6@@6@3‘8 Goasd oo theap aeJL_Seg&J:é)
DA oo BRENTEH BeoHBDIND. S8 @6@@@% 33563 BEgen B f%?.’aéége)é‘s gProre
€08°00 DO B TP s‘goéaS) Dogge wgoe é@é@oiﬁeac‘f;@on n, 15800 ml. 25g)td oo
& Eeo Hddd GHEEESN Jogse Ho2H Brodomro. Qo o) HOH SCTSN
DTG0 @) Henedd. KBA B8 Ketd [FPHE Aadiren Swe JrEre THoe AEEFOBHE0B.

3.9.1 § & o @) &y Aoy ko

&8 B0 HBen) T S Ko20foNIG $BX JETRY @ 35033@@35 S(EBDoTO
753820&. D) 8§ SEHSre &06 Dore QOE%Y @6@@6@@38 Qotomrom. L& Smeast 5330053,
DES7e0HS5 QoY TE FHo JibAe B500S® Do& sotran. By, E57 dhe 1HIHLe
ES5rR) Do BeonE'Hi)? (KBTS S0 Sogy e)irde $80 JPomknotd kb BeopdTD.
1 e MENIMT 608 ¥8 Lt JES Gotnod. B8 TPE S HBETrwHH IrBDh SON0d. 288
SEErenHe TEE, %50 Bolod H0KEpIS'S SEaPD. n HOAW L ©0o8 adwi SRR
a08gen DY) FHhod TOA Gotrow. wfirde g (B & Bod n + 1 dchire wXTe
elenetataianl

68



S5 1 : SENN n +1Dend BOAS 8 S E8I EOA G0wod. &Trsrdend, 4s @623@6 (n+1=

4+0=4)3d e§)trd Sootdh JoHatddHod (n+1=3+2=5).

ErS 2 : a83% n+ 1 Dend Botd werdd JEPSorr ¢od n Dend BED BOAS egrSH

Soodore 35_59 3@63 &SP 38 @63)6?5 (n+1=3+2=5)4p @6?)6?6 Bo& S0 oHetodod

(m+1=4+1=3). & JaHSIrodH @HIBoN E5 8o Y DBIDHHY) B0 220D Hob
Is <25 <2p<3s<3d<4P <55<4d <5p<6s<

3.9.2 FOJLL wdiFonoy Aahdo

& o 8BS eod QR Y B $020HODIE. O Lo (Heedo. & Botd QoY
TPeolD SO Bogged 2Ser 00 dold.

SRS, 28 HESreandHSt azﬁcsaacé &)@Lsgﬁéa TPID 500 DogyRe DIIPETo 6269;@’0333 n=2,
I=1,ml=1 $B0% ms=+1/2 ®wd HEErewHSR KT 888 JTEH 2.8 DEDS SKowD
éogpée:o 608Y.

2.8 eQ)rd Hrtd X0 éogpéenég ééé@oiﬁe&tﬁa&oé@ % Bewi, o a8 0%
©EErSH BEDOT JOER S H0d SKoLD Koggw GY) .8 JeHed DA Gotron. 8
SETSRNIN & )R SN0 Doy HEOTP SHTFS, ms. )R 500 Ko Botd Dendden Soo( D
S0tPaD TP 8500 Bok TR SRR of OR 8)erSd eEoiied.. Jepls & Tred

(] e Qe (@]
S0 Doggdy O Kelo TTES @3%33&%363.

3.9.3 Sk Jodhdoo

& Qohdo (68 48 no égéo Jh00eseos?) aoL%Q $502H8 H02000A3B), & JoHH0
580 a8 &DEEy ) oI wErS wodartnd® &)Hw QO(STRY oeser (58 w8)erSE
2,060 BENoBE DForr Hodd ahalEran. GTPrEnD SHSEER 6 Jolgry Ber Hodd
S)HT°OW.

1s*2s* 2p' 2p' 2p’, 0B 1522522p2x2p°y 2p°, ST OISR eI ES BB caran
o, 9 S0 S ©B0SE0 THT° LEEIEES FEERB0E Ertorr Gotran. 3 H)0dS
QHEPOH DAY Soeersee aeLs;éOE Qg0 TPEHTERS GHRPAOSDHWD),
cDean;(‘Og Qg0 EeDoleel8 Both Jegrdes LPTPeD GO, B

Q) BQErd s BY8: ég@é’s Q&S egrsot 48 20N Eos® ood. 8od

STPTEeSE 5085 Dbore FABEEY Hoeobs QD o8 Rugeore LoD, STPeTEED,
69



Q@S&5 DBy G0 @@@;505 (Eﬁwﬁg;oéo Qg0 (95ea Sogy 6) 1s? 2s? 2p' 2p', 2p°,

™ (PODadt&H08.

8) sgirs DS Bg8: & BEBS® JoFReD WobS efirdod Hmen T DFo TxT°
KoeDRRED $0Ba0 48 8N (E0E® ToRRD. Soir JUFPHD wPererr TrAFD, T8 &F
& (g50eR) DB, STEREED, W8ErS QB Jrdss® $(Bad G (S DTFPY
Ber oW, (z2=7,1s* 28> 2p', 2p' 2p', JQOEFRE g e arp SFo& S0’ e

TPODXD). & B’JCS@@S D58 O VobS eGErS o8 &g 2stiaraine Hore
KO,
TP, DGoDo HdAM FFEadbo TwE) &)@Qscgéi)g 9209?66&526) QTP TCDHED)

Li [He] 2s!

Na [Ne] 2s!

226 PO TEHOS™ IV SBAFRe wotrd arsFs EEE° &) Mg JBR) JogRwed
QeoTD.

3.8 20885 B&eo
1. HBLoee Go¥) &)@@5 Qg0 Krods HIW KoJomes?

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

4. BB DT D w)ErS) Iwtey Joeraon?
Q) 2p S 3s ) 3d S 4s

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

o D BTN

BEEDILD IOFTRY, (PR SO Kregleriy 9% K705 [PHWE Eererd® SoSTEHToom.
B2 TS HBeen) Qoea) Socseore a.8 260 ?’.g)ééoﬁ (@é}@dﬁ))@s SSoer DHB0T B o
R, B [Heo HESTEnHD e D8 §5REI0E SQH™ (:3&0R) HBKBOSHLY), &P

70



I8 D) ewesead QoEPRY (FLR Aoezen) FTBHBMT E0Erow. ERPHD Ko (85750, 8L e
w8, Beasb0 0Bk ol @5§U°’3€38 EYS griio Zo(5808® Gotnod HBAH ADS HBELTEND)
e Gotwe Trer D) $HBA aTRIE JOETHKD EOA Goenod.

DeHAHIOB DBBE0 b 2.8 B8, Bk DS HOK wAdIOS Fgre Grod® wodoegod®
(BP0 ©9HH08. 28 08 F508® (HATeBinod HBAM (KVATHoSEI8 & S°E%300 @SB 8.
DEDGEOHI0E HBBeTen EoHS HOS e‘ééo?@gago, LYo BBorre Kogy HOAD 350 Sod
W38 FTDHS® 0l e ST Toe ééé@oiﬁaaé@ow.

19138° ) §°6 S8rendS ool S BP0, Sk [H5°50 JoEY s}
Elellaiste ey BE 8 8O AT $PTTH° zéﬁc(géj Eehensran. JoEY $8 Ty Py (8rosto
YA SERES #N BF <G y { I EEMTeOsBO sT (E= hv) 8o 8o S5aards Skmdo.

&6 S e GoE) R0 B THE RS T Bgrsgieo HBod DHBoDB.
o8 & S FEE RS SHOT 8B HESrPe SEHErR) DBBoSTED a0, erad &
@‘Sﬁ aeLsgﬁéa EROEKR REPR0 G0N0 TPHOTPD HBAW Kawg Begren SBor grard) EON
€0LPAHA) HBFOHOTED. SEONFG0 & FFERS® TRO° BIWEHE0E;

X=i orA= E
mv p

B IS LB BINS e BIrrHEorr IBS Tog) YOS :dE oY) JoES Svorre
D80 T HAEBOTE.

Sorgo g Bdori-Be Hi0eiE0 355 TP @b @ BB WrBod (H8FHOUTIE
08208 B FEeB0 K0S B0 SO 2.8 Bevo G0 @;260 Ebalovs! @é&émo& Bo&o&
280 Fedio PEEHD. @@L&‘gﬁ GhoE) &R0tk egredo HBAD TR 33§ GoE) @B Se(o
SBor ro(®8 Sdoree @@é@%é 08208,

G015 cTrol@E Srae (KHsedo, HESrend SEHe 00@5 g Vo) SBoK Bbcdho ¢
@9 2eNHNC KBS (PRS0 HBore DNBOBHEY). &8 SBor (Bbodho zs?gzsé 0¥ FEo DSeeTT°RY
EOA Gotwod Ba EEEoKE BoK BEBEo ©d Hedad BBor BB HOBoSEo
ooe SN,

&80 [Hadodho %o v? BolSo Heap a8 8K (BDLADH wosTeFos® NCTISISIN EOFPR
Sogrlgd GwE), Fod. & (@romrd) $85rm wirs So wtrs ol Hendrt. & Sorre
Qehen td SO ‘éospge)és DHOF. &3 SROL0 Hogygen oSTEOSTY  HESoem ggso

$05600, BEB0 KBAD HID DHOIOW. HBLTEDHE [H8 TR [HBBERS S0t Hoggen
71



S0P, (HTPS SR bogg n 28 B8 @@@5 sgoé%ééeaoé: K020060D6

©R50eeS SX000 bogy, | eB)trd g esTrd8 KoR0HONHE. @EHIY0E TR0
Sogy ml wodoe¥os® efrds s HF Sur BRGTRIKoD DHOEB. ms el BEID) BIRERRO
Qogyg, B 96@5 )R BEoTl8 @3%33%3323&0&. &8 TR0 Dogy BBON ATPo(BE K0P
©IBOHBD HBAD V(TR Y [EveR DHBRR.

3?30363 sQErd) 33563 5T EOA Gotrow. S-e8)trs RPgesetod® Gotnod. p- eQ)trd)
%oBS wsr08® Gotrow. d wBtrd) Kend KoBS wseorl) SOA Gotran. f wg)trd) AW &5
wSPoeR)) BOA oeran. BEen oA &HEges” SSTISSS 0B QoFRE TR0 WOErD. O
B AHHo o) 5B e & VaHren HOR esFoFEEio HIOROS.

& & Lo (Ko HEErendHS® QoY & e 1Idle BS008® dotheram. 6
&2 (nx + 1) Qe ToP @gwoiﬁeoffoééno&.

2rd B AaHHo (@sedo, el HBSTeDHERD & Tod QO TPe0d B08eD SogKen
28er &0&Y). o8 SOBEy G0 @6&@@@8 NGTSNIN @ofoéoég)c‘fo, ol Dodhvo (Hsedo, (8
WS ey 2.8 [EPe08" .0dT WBEMoSDHEH0, ST wdrihEran. PEry S0
I8 JXPIS Jo8® (HosrdIron. J8Bwo B 8 (E) ord Fdgd8 (v)
o588 Srdarsos® sotnod.

E=hv o5 h &30 3508 Joroso h= 6.6256 x 107 JS & &bBw0p 08 HiEdo
OIS TR Do& JoETRY DD 25313 ARSI B 08 DS OG0 oty

BYYRS geiroo

1. Q) H85e0HS® ot St (FeEDE Beeen DD?
) oS B (EFEPS ) @580 BB (55T°8R enod.

2. $8s5e QTR0 @@é@%& fovilate) KJ§ D% ©B(TrSgRd B eFsedo e S
FPAQTNE?

3. 5208 o) R0t KegParl)) @ BTeredE erroren Sry@eon?
2)100 MHz 3"2630“9)2650 étg (BrBo 306333% FM 3&&» S Gog) S8 B880k08.
8) Dy Botd P08 BBorko DS g 88 Jo8? )= 670 vﬁsﬁbéa@?

4. 658 B ST Bo& %6 S & Dore DO Gob?

5. £°6 HBKren SHeae B Saren DH?

72



8.
9.

DELees) BwE) SBor cieol@F Sdurere e—sé)zée)gé OEVEH DWE?

@8)trS ©od) D D&Y ©B0 BHoEPD? S HBKD p-whErd) @) WSTOD
AcD08.

008 1183 I0LES @A) ol VOHIrQ) el STrirdes $sPBcHos DKBoBos.
3308 Gho¥) S0 JTEoER) DHboBOs.

10.28 &%r0 GnE) @S 48 (58 HoES) 4.2 ev. e8¢ TAEGHHAS 2000 A° D8Leo %0 s

HEB, Dboodhy FHHoED VS ) K8 8 Jod?

2088) BHoH Sdrpearen

3.1
1.

3.3
1.

B8PS oIS o8 BRI Gotood. @ (T8 Y

_ 1.672623 x 1077kg
P ° 9.109389 x10°1kg

=1836
DBSenHE® Gok (BB, oS, @@@;5 F0BBIS (DTS €008 ea Begeen (FHNE
Bezrw BASSE SJeom.
Koog e

QOER, [(FerS S8 SrgerS

&vé@g BTrrio g ©F0 TS BwE) HHTed SLreTed éé%oéc‘io.

Erg)D o) S5E5ead Seme [5e80, SBSens) T dndo Freaddo rBakn TR (Bkgoe3E”
A& grifo SolBoS® Gotwos. HADS HBLTED) TPITP G0N0, 3O Toer D) o850
(©88re 775 AT BOA &0enod.

&vééqyé Q0T DBLTeads) T, ?36@5;0& D5B0BBI0%S é’é&%&@oiﬁaa&o&.

DEFBADIE DBBEa0 BIH 2.8 BEHS 48, 8b VS HBAW wADIE Fore GrHos®
08050 HOT® [HRPE0 ©HH0H. BB 08 08" (HATBR0H SO (PATBOLEIE

BSuiate 5080 BED.
73



2. DogloDR0E HBBee0 GwE) D) eFesren
i) D08
ii) éééo?@go,
iii) FPSsd50
iv) &dois 260&)?3 B
v) D&
3. &borre Hoggd 2.8 208885 FEHSE Ke Sdorre Soggre ARDFD. 36 éééoﬁ@gago g
QS80S “mdo.
4. tﬁ@)ﬁfiﬁé 5208 HOKTTR) PP ©otrLD. s*:goéoﬁa (St PerS) &) 48 BEEHHS o)
D508 9088 Em o PS0S° Gotnod.

3.4
1. 2.8 B Eégééoo o ééoﬁ@q’ge D), AN Spe (3B EOA &otnod, eand @SDQD@\
Eégo“mo 58688 c%"téézéacfoé o) ééoﬁ@%@?ﬁa BOA &) D8Bere 8)1‘6e)é§ ééééb EON &onod,
X &G0 Gho¥) BBorGoLe DBoBBO Jodre €otrow.
2. &% 585 SKoeae oY) (P Kov(@een:
1) Qg 28 R So|t58o e B [ oﬂﬁgoe‘f’ Ehenaran. HAR R0 Sggen G~ 28
208 woird.
i) DolgEy 48 Gy PPerly) (Rrosto Bue e Babtio TRTe & e Srdzea.
(= hv) B E8e a8 Sdmdo.
iii) Qoges Ty, Bhad [BKgRko SxodEboBnthE0s.
3. BERd SWots Hogy n Gho¥) Dend 1BKEeE &8 B Twy) 48 DBHrHHob. a8 B8
BEND B0 BENS ewveeBBorr SrrHHEob.
4. o8I 8 RBED BR0e0 @OELFD.
5. 6.625 x 107 e~y - JLOE.
6. o8 DS 8% ¢HBB0R HBEF0 BoASHL, &0B0 Kok QO(ETRY ADEID OO
&8 (Derard) 5008 DS PO Wotr.
7. D o TTH BB EIS 48 BRS IS5 wotrd.

74



3.5

1. SBor-See RotER0 BRI S0 O QIR F0& Y ewren EPIE Seaore SHOA
BB8 $S5asrS’ SBorforr (HIBPADS TR Fdos.

2. 85 Gw¥) K)q)é%é FOE TR aoLssﬁ Sorre HHGSo TRTe &)0@5 S SGors Begesso
65%30:580&0&.

3. oS BXgoe8 =9.1x 10-31 8. $& Boe 3so = 100 8.8 D7 =105 b ™ $EGeRY
&HTPAOD), @@@;5%0 K020060DS ééoﬁ@?&o

4. TR 2§ ) @d8 Ir@o Hsevo @ Jeow HYNBHRE I 28 Beoo G 0 $HBakw
@Sé?gﬁmoséa 2,8ar0 Feddo PEOSD. 2.8 Beso 0¥ 5;30(‘0& dod pBore Sendriesse,
> @éé&gm@ol ©0& p)HBore BoSBE0

1 26 S8rend) %0 JogR oY) SoTer) DH00L KHS [Hdbabo. =6 550 19800 ImEo
Dreroe) 8OA Gotwod $odaid EE&oKE B8or BB @ Hendean BBoK BB
HBPBoBEo TegEe BN,

2. whird o0 Y Soltibo e B B8 ES AGY HTEE Srmredd Trdkod, efers
OR0 DSy ELMPR Dogryd ed) Solesso e &) ©oBBFo @) (B FHIS [@rozeR)
D006,

3. SR Doggen SBoK DO D560 DoFY Loggen. B (E8&oS BBors éﬁbééa@?\)&
BB HIBEHE® FroBasEran KB HBLEPEDHS (S QOIS DY SR KHoggeD
EOA Gotnod. Surtd S0 Hoggen [EEENE SBor ¥avEes S0 P0LSRITTO.

© :

i) (e g0t Koy, .
ii). ©R5NTS 5L 020, [ KO
iii). 0O SO0 Doy ml

4. Bord st Sogy, n a8 §§§6’3’S&) aeatcgg% Gog) 888 $0050NB. sXoere Yogy 1 58
@S oY) gD WSTTeE Ko0HONKE O S0, Hogy, mlwoBsEes® 85
¥ BB JHOHR.

75



3.7

1.

s—e)trS - Fed)d

p—@a@aéy’ei‘) - KoBS ©B8 (Qoreri-i0d)

d-sg)erd) - E56 8% Toe dend KoBS &8

2s @8)trS 1s 9g)rSd BOS Ferseos® totnod. @and Bowh Breen &Io.

1s 8E8° PO 2s K 90560 L. 8d Feesed ewdHd DA Gotwod.

i) 26 a8 8&S° o) Sogrdyd EOAS Feesed [@Podo (1s SPHowe),

i) 28 a8 é§§65&) B8 ([@Podo (IR @623@5‘3 H0TR) KL Dogras Sl cboLsgﬁ E0RPS%0
TR,

3s oS Bod Feesed Beandeid EOA Gonod.

3.8

Npoo=

>

>

DBy Toog) §§§GS‘S Fevlelovoy) ééé%é’s @@Lsgﬁea H0DB aeaLs;fO% DTG0 @0ErLD.
2.8 HBETenHEPD & Botd Qo(EFTRY Teenrd SR Yogye T 280 BOA &oksd O
DS (o 75382065.
D80y S5 QO T EHe DEIHS B00S® (1 + 1) Qohdre [Heedo Dotharch ef
& Joe(@o Beweod.
(n + 1) Aco&ren Botd &THow. ©d.
(n+1) Densd S&H EOAS @623@5638 (TR It Jotherown. e R DS
(n + 1) Qenden Ko @6@@5@’5 n e SENSTP &) @633@595’5 SCTSISSVE g Velasiogenl
i) 2p:2p BwE) (n+DAensd =2+ 1=3}
3p: 3p G (n+ hJend =3 +0 =3} Je@o 2
ii) 4s:4sQE n+1Jend =4+0=4}
3d:3d Q¥ n+1Jendd =3 +z=5}rEo 1

76



EDQ?‘S(ISJ&) 04

BHEDH HES HHOAID HBEHTERD LHTR,LD

Er8rohe (r5Pw0s® sHIchHen HBKN womrEeEoNe K Hdo SrEEH.
&380B08, @ (BB T $BKD M 1 86° SO EmrenHotnTng. Do axthiHEos?
AR (ErgE005mR8 b e o0 FD Somd BN SHTE T W EPTO. M
DD Bero FBE Srrrroy EOA e, DOFHS (@8 S0 o a0 %o S
B zﬁééaoa@. Bo@0TTren, OB FETred, HIseos® 28 BoHsd. o ddreromeoren
S0t s?, Hidsren Qé Eend S o%8 S° K850 & R0y FgTren (@R)oh Hend D
&0 éééés@ D FBH =0d. Srseearrhen, L] éo"%}@, 5335 é‘&é@, QoXsrEeD,
HJeey, a@é&é5 B Do, TRDE IEBS 328 B BHOK QB ééé@ow@.

EPHS Regen D Soggs® Lo JBEromd) SYPSYD Berod $Kkg
AT T8 F°BE, BRHS cﬁclgoéa SlalfoniNe) Dodh&o, ;B Lé:ﬁaa’acg@e’i‘s SR Bodh&o
ERADS FT(REOBH 25 Sarenrr r00d. Sresee $88GH DHEH FoB50d BIahS RS
SPBEGE HHA I PLIF0B. (50 FPBoS® Laposeer FRE, EJcHIE Cécg@j CREHE ééééa@
eaé)cg)éo, Aoty &58eane 980D iﬁaz)wcgo.

TR
&8 PBo SOVS SHard S HBJ Dohrenrverd:
¢ Soresee éééésa SRS Iop N avialelnlate
* Sorosee éééés@‘;’g oK Koo DX FhEnets HYy TNE*HE0
* 658 B853S AcHI) JdgRoEo
® TUPAC 08880 (se80 5887 Doy 100 god QENR 6 SorrosPeD '§38°2726c‘£o

77



B HBES Soresre ©HHOE [E5rY Sreste JeEEIE SHCHS & edorlotio
WHES HEES SHorsEe (1-18) ormreh 1K) BKos%SEo
BHES HGESE® AV, &-, &~ O IH- epHenT Hreste HEEGLD KHHoBEo
958 SV cimé& SEPoRQ) DNB0NE0

a) HBDeean HBNPE0 b) ©3IE HBSTE0 ) 055 8B %ééo

d) 2.8 $Smsro T a8 HBHESE oS RawS Jogrd)-dolEes IS

e) BPADS Sogdeod f) e©dons (D583

4.1 (P8 [Bohanyen

S EAHDE ool B @085 H00dk Hod Hireseoid é§§603 Bchanen
a38rraw. @.cﬁa;g?g. &26585 tﬁ?(j@ 002050 68) PeTOLD NI gIrPeNr é@é@o&éé@bm,
ESvlaly SoreBo ) HBKre 28 $50es5eot Both Saresre WoBKBS Kiktnd HErdore
60énosd 1817 &° P, eoe.

Soredo 0% o iTatoveISY) PEFRIH0
DBRATeen 20808 6.94 22.99 39.10
Q580 HBSBmean 208D -— 23.02 -

€0 KT HrresPe JXRFE) edhl SEo @l HOTD. & K008 Hresee
@) JBY HBXre BHO HOeRI0 TENRSE0 Dy 9% §J) Hrostotn Hr@
$BEBOSHOM.

18638°, &.0.096. Jrgerof), Hrosee é@éée@ B0 ©PHB 3 8 & (8od
DO 2 DL wHEIHO. (H8 VLD LresPd8 Kohd Hore SrHBTS a8 HEFD
OBEPED GORER KPS DTN BT, BOVE ©IE W00 & ATHE0 $HoBE. DB,
QTED DoHhBS Laresee gy Berod) oferen PHITHBHIT AN FIQo wrer Jore
500008, ®ohIOP WBETR) FEEIO ©BH50BERHS 688° (HE8G)osEo wdMOE.
wd8t0: (Bvo SHhowe Séé 26525&&38 ©FeTe @é@é@é@é}@w.@ééééﬁ& Soresee 88
oY SrEHG S0ENOSD S0ggdd HOS0 St ewsts) Tog) A S (©EDoHoNs. £
Y o0 BBBS (BSR) (5e58) R0 Qyhore .

78



4.2 HoudS e383 HGE

1869 &°, 0&dS 0o 850 PRFE Lresre HEXTED groren HHOA T8 T8
H0B5N BIPSHS Céc!go 253&5?3 Q005 g@gom @Cﬁédﬁazéo DK, S5 Bl el a’aeéézéa
SrRroB0mrd, HASE Kireosren @ HBHre grore edires (Eos® ©HG)REEaD. [HE DAEE
Sore80 (0088 Sreese) OIS oFeren EON 6okl EHFS080d. @otHIoN, o8 AP
ogeren SOAK oreosten [EXrednidornt Kogowron.

OKOS Sorosre HOEBH TE) wiod SneRs IBTeS® 288, V8D GBES
HEES® (588 4.1) 08H zor ELFLRE) Srosed ot JED1PDH. & Lo
ogEroln &t oohl wolte . ATPI®, HoEdS 6B HYE EHTE EHFSES
BEEHen 850 2l FSHHwE égéo 5156563653.

& @B BHEE cHIDo BwE) PENY JrEreh poS HT°8 SWob. HresPeln
T8 HESTen grore 98t (Eos® @2536&3, ©FeTen K@é@é@ézﬁ)@@oﬁaﬁ) @g@é @U;éeaéa
ToSK0 230R08. BNBIEH EHFPIY Srele ool &8rod, 838550 @gg 3;@%)263
8)&5)33%650 O30 e—se‘ééoé VL 30(;68@@8 2,88, HBRee Qdogydo ELRAPS 585 o&dS
BHBS HEE rer GITPREBoT God. @onzééo)éﬁg K529:05%0 $58080% 5 w083 &*aren
Bo).

BE 4.1 0KdS @o¥) 1871 $&¥

! 1 1 111 v v Vi

4 Vil Vil
Oxide RO RO R0, RO, R0, RO, RO RO,
Hydride RH RH, RH, RH,  RH, RH, RH
* Periods A B A B A B A B A B A B/A B Trangition
4 " series
1 H
1,008
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SEres: 63.54 6537 69.72 7259 74.92 78.96 79.909
5 First ,Rb Sr Y Zr Nb Mo Tc Ru Rh Pd
SEI1esIg5,47 87.62 88.91 91.22 92.91 95,94 99 101.07 10291 106.4
Second Ag Cd In Sn Sh Te I
SEres:  107.87 11240 11432 11869 120175 12760 12690
6 First .('_\' Ba La Hf Ta w 0Os Ik Pt
SCIICS:13290 137.34 13891 178.49 18095 18385 1902 1922 19509
Second Au Hg T1 Pb Bi
SEIIES. 19697 20059 20437 207.19  208.98
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Lewis structure of O, is
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