LPNE15UIZNDUNITUTIYNY

U1 AN105 LATINUFIUY

WuUseLAd (Chemical bonding)

O wWuszlessiln
NUSLLALILAUR
Nusylany

U O O

Lsagauilessnindaana

.4 ==\ ¢
919158 A9. IUNIAT NzU¥ay
ANUNIVILAL AUZINIFAIEAST UMIINST LU LD



WUzl (chemical bond) MHNEDe kIEAWLYITENINBLABUVBIEIRLNBNILLAR
< A

Juluana vseasusznau

DYAONVDITNILANIUASATEN (interaction) siafu Radulsindawmietosnaull
Moy lioindunauussesnauiiatosuniu

BidnasouliieItetlasnsy e Bidnaseudieglussaundsuisuenan  (valence
shell) ¥38138N1 “LIlauddianasou (valence electron)”

o aaa v = a = = = = =
pgmaNvewlag  avuvhujiserduiaiadusssgaviemaaiasduliany
“nnoanten (octet rule)” Ao azmaNzUNTINAULNDYINTBIANATOWINUBNANTITI U
iU 8 Fudunmsinsedianaseuniloulialingzga (noble gas)

wuszindiniedluluanarseasuszneu Wutadendnlunisnmuslaseaine auds

NILAY LAaZEUUANINANENTNYDIANTUTENBUTIY




Touanwnignvasdda (Lewis dot symbol)

“deyanwadnldvsunansnisatuliveslizen waznisiasunlas
ai’maumauez?&é‘ﬂmamam YRR’

1A 8A
«H 2 13 14 15 16 17 He:
2A 3A° 4A  SA 6A  TA
11 | «Bes «Be | «@e | sNo | «Ov | 2¥« | 2Na?
Na |Mg-| 3 4 5 6 7 8§ 9 10 11 12 |sAle|=Sis| «P- | +S- [:Cl- | 2Ar;
38 48 SB 6B 7B : 3B [ B 2 . . T TN
K Ca Ga G.e- As Se Br Kr
Rb || «Sp* cInes | *Sue | oShs | *+Tes | 2T+ | 2Xe:
-Cs | -Ba- «Tle | «Pbes | +Bis | «Poe | At | :Rn:
«Fr «Ra-

90 190 UNY 1 LLaugdiannsau




Julumungasnies

HiNxH  HxOrH H 2 CxH
e % .e ox
H H
s oo l;l
H—-l;\-H H—-O-H H—C—H
|
% H
Lidulumungnasnine =
- CCleee
Sheln .. :Cle PC'
1€l :B:Cl: 2 CA2Be:Cl: :crf Cls
T te
I . T\ C| “, 2 )
Cl “lajasuanniag” Ci ~ “LAUDBNLAN

AvasBlannsaunlysIuiu Sundt BldnmsouRIINusE (bond pair electron)
Feuwnulpgldidunss Ty 1 duunu 1 pdlannseu




1. nuszlaaatin (lonic bond)

= siuselenadniduunsimelndn (electrostatic force) Nnawilenlonsululn (cation)
Laglosauau(anion) Lineiu iiaduaisuseneulessiin (jonic compound)

%

= ARN9ENINN0ROUTOISININABIANIATIUNIATR  (electronegativity, EN) @1 AU
DYAOUVBISNNIABLANATOUSNINF (electron affinity, EA) g

= 59l LE. o1 azdedidneseulade Sefiwwildudialulessuuin loud nguves
langdamla (1A) uaz daalatidsn (24)

a < = a & = a & v = o Y a &
= 597 EA. g9 Jusniiveudianaseu Awdidnaseuled Sadiwunliuiiadulessuay
loun nquvesslany vy 5A-7A laglanzad e nauvealaau (7A) Lageandiay
ninAinansuseneulessiindulavieny 1A uag 2A




AQE9 U NsenseninddLiieuasgeaiu

Li + :F- —>Lit :F:~ (orLiF)

2 2m 275 2 1292
1s°2s'  1s°2s°2p Is* 1572572p°
N19LdBLIANATOUTDY Li Li —> Li" + e~
N135UBLANATOUTDY F F-+e¢ —s :F:~

151 lenaunsansusInduLdu LiF [i* 4 :Fy —s JiT:F:

NATINVBIUNNIL e D8 Li+:F- —> Li":F:~




A29819 MsuAaenlueIniE  2Ca(s) + 0,(g) —> 2Ca0(s)

o S

.Ca- + -0- — Ca* iéi“

")

[Ar]ds®  1s72s72p" [Ar]  [Ne]

Aa819 NMswnaedluainia 4Li(s) + 0,(g) — 2Li,0(s)

2 Li + -0+ —>2Li* :0:* (orLi,0)

15s°2s'  15°25°2p” [He]  [Ne]

Aqee9 Luntileuyinuisendululasiaungaumgiigs 3Mg(s) + Na(g) —> MgzNa(s)

3-Mg- + 2-N:- — 3Mg®" 2:N:7 (or MgsNy)

[Ne]3s®  1s72s72p° [Ne] [Ne]




n1sEUgnsansUsEnauleaailn

I=|

slavieny 1A, 2A war 3A dsilassaseddnaseudu ns', ns® waz ns?np’ {
wwaldugadedianaseu 1, 2 waz 3 62 auaiau adulosoulsey +1, +2 uag +3
AgULUAIE MM (M, M** uag M)

51nelaneny 5A, 6A wag TA asiilassasneddnasewdu ns’np’, ns’np? wag ns’np’

U A

Juwiliuiagduddnaseu 3, 2 kaz 1§ aua1du iiefagyhlvididnaseuluenas

YV
*%

AsuwUn Aeiudsinltminlossuaulsyy -3, -2 uay -1 Weuuwnuely XP~ (X, X*
WAy X

vannsWeuansatsusenaulessin Ao Uszysiuvedlessuuinuazlossuaulugns
Y83a15UTENBY (gn5081918NLanIdnIId11aE1961) Avellavintuaud

NsReugasinlalag MsudiedeuLanslsyuadiessuintaslaasuaugall
Judavissnaniiiuiulossuaunaglosauuin

M™ o+ X = MX



TPDRRY
Nat@ + CUC —>

Ca* + CcU —>
Ca®* + 0o >
NH* + CcU —>
NH," + so* —
K+ PO —

Ba>* 4+ SO —




n1591uFd1sUsENaulaaalin

= gruReleesuuINnen BUITA wannnusletevedlesauay lpadiaswielasuly
“l @ (-ide)”

= Lisasssyduiueznen
NaCl  Sodium way Chlorine — Sodium chloride

KF Potassium way Fluorine —= Potassium fluoride

= lunsdinlessuuinanunsalivseqlavianeen Wy lavensuddu  Ivssydseques

q

TaapuulInesavlsaw (, 11, 11 1V, V, VI, VI, ...)
FeCl2 iron(l) chloride
FeCl3 iron(lll) chloride




yolasauauidrAsy

laaau o nguloosu Yo

F fluoride OH" hydroxide

CcU chloride NO,” nitrate

Br- bromide NO,” nitrite

I~ iodide CH,COO" acetate

H hydride CO,” carbonate

o~ oxide HCO," hydrogencarbonate
N> nitride SO~ sulfate

S% sulfide PO, phosphate




Y = 2y Y a .
WAIIULATINAN 39 WAYIIULaATY (Lattice energy)

“UFINUNTIUNSLENRANYesasUsEnaUlpeainlua Uz LT9911wIuN 1 1ua

sonulossuluaniuzuia”

4

WA ULan v liausavinnsnaass lalaenss

4

AU “InInsuasu-a1Luas (Born-Haber cycle)”

)
WAIUNITHANGT (dissociation energy, AH_ )

NAIUN1TELHAR (sublimation energy, AH

sub

wasuloveluediy (ionization energy, I.E.)
dunssannaanaseu (electron affinity, E.A.)

AINTEUNTINBFA (heat of formation, AH)
WAIULaRNAY (lattice energy, L)




Na1sanuisensenindlane Na waging CL wiaindunan NaCl agUsenausie 5
Jupoukarin1sUaguwUamaany Al

1: Na (s) = Na (¢) AHsub = + 108 kJ/mol (sublimation)

2: ¥2 CL, (g) = Cl(g) AH, = +122 k/mol (dissociation)

3: Na(g)—> Na*(g) + e .E. = + 496 kJ/mol (ionization, I.E.)

4. Cl(g) +e —> Cl (g E.A. = - 349 kJ/mol (electron affinity, E.A)
5: Na" (g) + ClU(g) —> NaCl (s) L = 7 kl/mol (lattice energy, L)

6: Na(s) + 1% Cl (g —> NaCl(s) AH, = - 410 (formation of NaCl)

(WA9UYBIUNTE5IU = KaTINvRINSUdsuLUaamaIIUNTunow)

daly AH, = AH_, +AH,_ +1.E. + EA +L
410 = 108 + 122 + 496 + (-348) + L
L = - 788 kJ/mol

S Wadunaniiy = 788 kJ/mol




19N3UBTU-81Uas (Born-Haber cycle) van15tina15Usenau NaCl

AH, = - 410 kJ
Ma(s) + 1/2 Cla(g) —== MaCl(s)
A
AHeyp = +108 L:Jl l&Hdﬁg =+122 kJ
Malz) Clig) L =-788kJ
[E = +496 L:Jl lEﬁF -249 kT

HEH_':E:' 4+ _l- ()




A288149 N1SLAA LiF Li(s) + 5F,(g) — LiF(s)

Li(s) — Li(g)
'F>(g) — F(g)
Li(g) —> Li'(g) + ¢

F(g) +e —> F (g)

Li"(¢) + F (¢) —> LiF(s)

AHS
AHS
AHS

AH;

AHS

155.2 kJ/mol

75.3 kJ/mol

520 kJ/mol

—328 kJ/mol

?

Lattice energy: energy + LiF(s) — Li (g) + F (g9)




L. Li(s) — Li(g) AHS = 155.2 kJ/mol
2, JF,(g) — F(g) AHS = 75.3 kl/mol
3. Li(g) —> Li'(g) + e~ AHS = 520 kJ/mol
4. F(g) + e~ —> F (g) AHS = —328 kJ/mol
5. Li"(g) + F (g) — LiF(s) AHS = ?
Li(s) + 3F,(g) — LiF(s) AHS ooy = —594.1 kJ/mol

AHSee.an = AHS + AHS + AHS + AHS + AHS
—594.1 kJ/mol = 155.2 kJ/mol + 75.3 kJ/mol + 520 kJ/mol — 328 kJ/mol + AHS

AHS = —1017 kJ/mol

S NAIIUManNY = 1017 kJ/mol




19N5UBTU-81Uas (Born-Haber cycle) vasn1siingansusenau LiF

Li*(g) + F(g)

AHS =520 kJI |AH§ =3

Li(g) + F(g)

28 kJ

AHS =-1017K]

AHT =155.2 kJ| |AH375.3 kJ

AH®, .= —594.1 k]

Li(s) + 1F5(g) - LiF(s)




“URINULARTY VBNLEDETNINVDIUBILTIloaatin”

TABLE 9.1 Lattice Energies and Melting Points of Some Alkali Metal

and Alkaline Earth Metal Halides and Oxides

Compound Lattice Energy (kJ/mol) Melting Point (°C)
LiF 1017 845
LiCl 828 610
LiBr 787 550
Lil 732 450
NaCl 788 801
NaBr 736 750
Nal 686 662
KCl 699 712
KBr 689 735
KI 632 680
MeCl, 2527 714
Na,O 2570 Sub*
MgO 3890 2800

*Na,O sublimes at 1275°C.




duvnvasdasusznaulesaiin

= siusslesatinduussfagamsliingawmieilessuuinuaslesssuaudimeni
vibduiuseiudansann daudsdesldndsnuadiunisuenlossusanainiuy

= asusznavlessiinfianiuziduveudsnguglivasauauung
" ALFDA YAVADULUAIFINN

= asUsznaulessiinliihliiuagldiianuseou snullesgluaniusvasuman
v3easaraty azanusailiiuazanusouls

= FsUsznaulesatinaiuisaazarsunlag weazldazarsludivinazatedunse L
LBNLU LAY ANSUDULARTZAADLSA




2. Nuszlaataus (Covalent bond)

WussAnTusEnIegnouvassInnianuausatunsiBianaseugslndfeaniu
(31 EN TndLmsanu)

AnsznIneelaneiuslane wu C AU H, C AU O, C fu N, C fu C Wudu

wusziadiiinannsnezneluluanaiauddidnasouunlgsauiu welnd
DaUTBENATUATUBENLAA (I1WIUBIaNATaY = 8 ntiu lalasiau = 2)

H-+ H—H:H %S H—H

I

BLANATOUATINNUSE

(bond pair electron)




i:5+.1:}:—):F‘iI.F‘:: cvﬁa .1::‘—.1:

BLanmsouATINNUGY (bond pair electron)

lone pairS ——: F—F : «—— lone pairs

BLlANATOUALAALAET v K—/

CEJED

8¢ 8e




WusAe (single bond) 1An91NN157 2 agneuBambeiumediannsau 1 @

H:O:H %50 H—O—H FF %159 F—F

H H }{\\ /j{
do Gme=g (ef) o Je—c]
H H H H

8e 8e 8o~ 8o

Wusza1 (triple bond) Aina1nNn151 2 aspeudauiieniumediannseu 3 ¢

ﬁ‘» %50 :N=N': «03 ss H—C=C—H
8¢ 8Be 8e 8¢

ﬂ’)’]ﬁJLL?NLL'N‘UENW‘Uﬁu WUS”L@EJ’J < WUSEA < NUsTEY

Y

(%

AMNLNINUSE (bond length): Wusziig) > WUsTA > NUsTa ‘




74 pm

161 pm

ANUYIINUSE (WLALUAS)

C—H 107
Cc—0 143
C= 121
C—C 154
C= 133
c= 120
C—N 143
=N 138
C=N 116
N—O 136
N= 122
O—H 96




duURvad1sUsEnaulALaus

= uselaaudiinannisiasiananseusiuiu vinlrluisidnaseudaszlulasiasng
luiana lwanalaaundadauilui

" ALADN IAVABUMAIABUVIAT SNLIUUILILANANTLATIATIMUULATIHAN 196
Y1YLAINAUA LYY LNYT TI9LLYALADN YAVABULUAIFININ

= anuansalunsazangvadluanalaauRdzvaInviaty YunuanuurTIves
luana = “like dissolve like”




WSsuguauuan2luureusenisvasansusenaulasatinuazaisusenaulaltaus

GEOI NaCl CCl,
anwae YDILTIFU? RN A RIGIREG
ganaeuLa (°C) 801 - 23
AUSDUVBINSNARLMAIRBLLE (k)/mol)  30.2 2.5
ahan (°0) 1413 76.5
Aanusouvasnsnatetluleaselua (ki/mol) 600 30
AMTazaNYL 170 UDYUIN
N5 tn

ADUL VDI i i

A01UL VDA 3171 A




N15LU8UlASIE5198294

1. 1199ERRUNATNUSE URLAANY wevinALuasUsenaundanududau taavaly
aznouiiAT EN Uasiianazyiiniiduszneaunans @ H waz snlatau (F, C, Br, ) 3in

I o 1

agAuvsUaneanvalAsaase

Y

2. TUIUIULAUTBLANATOUVIAUA
nsdl looauau Tindunudianasaumindudiuiulszgau
losauuin linaudiuiudianaseumenUszguin

3. MANUSLLAYILUULALLAUATEUINBEZABUNANS LLazamamﬁagjé’amaU WALyl

DYAOUTNIDYRDNTDUATUDDNAN BLANATOUNTUTDI0ENBUNANYIDOLABUADUTOU N
Aetpsiunsasiuselidsulandusudidnasouslanien

4. 97099 1-3 WINDEAUNANLBLANATOULRYNIN 8 F 1‘131’@1@%%%‘1463@: Y159 NUSTEL
TENINNBLNBUNANNUDLABUNDYHNTOU Imﬂ%’&é‘ﬂmau@ﬂmLﬁmf\mazmamé’amaum

a Va @ (Y]
FUlDIEANATOUATU 8 AN ‘




A%8814 Weulasasedidavesiulasaulnngeslsd (NF)

Y
U

Funoudl 1 A1 EN. 989 N < F

F N F
F
%gumauﬁZﬁfULaLauﬁaLﬁﬂmauﬁgﬂwm = N + 3F
= 5 + 3(7)
= 26 €

%4
U

JUFDUN 3 MANUSLLALITENIE N wag F Yn1siiudianssauasu 8 gnsu F

a o v a o a a
DLANGIDU 2 AINLNAD WYUN N

FNCF
FoN—T
- F:




A128814 1WgUlATIAS 1R dURINsAluASA (HNO,)

v
U

YUADUN 1 WEULATIASINUD HNO, o N O H
0

TUADUN 2 TULILAUDDLANATOUNINUA ~ H + N + 30
= 1 + 5 + 3(6)
= 24 e

UADUN 3 MANUSELALITZMI N 1Lay O N9g 1oLl Lag 52119 O way H

o Aa  a o [V
NINITILOUBDLANNTDUVDY O 1‘1/1?’13‘U 8 y -
:0—N—0O—H
:Q:

Y
U

TUAAU 4 Naznan O ATUBDNWA ki N Hifles 6e Jsdedlannsauglanifedain O 1

YA LNBUNAS19NUSEAU N ) )
O0—N—O—H

|
o @




A20814 Weulasaasaidavesansusiunlessu (CO,%)

v
U

Junauil 1 1Wgulasaasiaves CO,” 0
O C O

TUADUN 2 TULILAUDDLANATOUNINUA ~ C + 30 + 2e-
= 4 + 3(6) +2
= 24 e

YUADUN 3 1MANUSELALITENIN C Lay O MNEUaEnal

N
:0—C—0:

Mn1sLANBLANATaUYRY O Tiiasu 8

Y
U

TUABUT 4 VNaznaN O ATUBDNWA ki C Liiies 6e” FadeBiannsounlanieInn O 1

0
-

95A0Y LBUAT1IINUSEAY C .




I5luus (Resonance)

“ NslYane ¥Ie NanelasIEseEda Wiaussenunluananila

1 v A

Aq8814 lalwu (0,) WuIANLeIIiusy O—0 Mepiliviiuae 128 pm

0=0—0: :0—0=0
Tased519Lslauuud (resonance structure)
0=0—0: «— :0—0=0

o ¥ . O: 0:
| & | &

()—(—() Gy ():(—() PR ()—(:()




UYBUNLIUNYDBNLAA

‘0

¥ n1sliasuaantan

H—Be—H boron trifluoride

beryllium hydride

i
i

7/

o ngagnmmmelenﬂ/l,ﬁuaamm
“OyAaNAILAAIUN 3 LBLARE1SUTLNOU @1N150dBlaNATaUTaUDLARNNaLAY 8 Aala”

G s
sulfur dichloride

(ATUBRNLAR) sulfur hexafluoride

(sNUBBNLAR) ‘




N5 EUENTIATIATI9YBEITUTENBULALAUA

Idanslassasnawuuiiga Aald

o =

— bt NUTZLA Y

N

U 1

— bt NUTSA

Y

L1 NUSE AU

ee

LY SLé‘ﬂmau@ﬂmmﬁm

%4

an3lAsIEs MUY A NsWsuaneBdnaseugsiuiusswiniy tnglddydnual

— YS9 = Y99 = anwELAgINUNSWEULUUADE

PIDLADUNAN LAZINUIUNUSE LA NAURVIVUANDU

- D¥ABINAN AD B¥MBUNNBINTIUIUTUTEUINNAR
Y NH, aeaauniiiusyannigaae N (3 Wiuse)
HCN agmaufiiiuszunyigane C (4 1iuse)

- nwiusglanaud Tuselenilunisnsiraeuitgnsiassasiandeugnusakl

FTUIUNUSLIALAUA = INUIUDLABUDLANE - 1 ‘



LB NaOH
TNUIUNUSLLANLEAUR = 2 — 1 = 1

C 31 Ausglanaus A O—H d7u Nat fu OH Wuuseleesiin

CaSO,
FNIUNUSEIAI AU =5 -1 =4

S 4 WUSELAaus b SO,” @ Ca”™ v SO, Wuwuszlosein

HCN
DUIUNUSEIAINAUR =3 - 1 = 2

42 usylalaus Ae H—C wag C=N




N1591UYad15UsENaulALEa U

= 9IWIYBFINAINEWUNBUNAT unUsINg lugnsiadl
= WagureveIswdmasgaliasnemedss “loa (Hide)”

) =

= STUIMIUBLABUNUIINGMENTYIREFY 8NIUNIASINAINE 1 azmaulinasssy

J
AMUIUDZANIY | N1WI1aZAU

1 Tl mono
2 Ig di

3 (G5 tri

a4 LN T tetra
5 LNURAY penta
6 LN hexa
7 LIUNY hepta
3 RRRIH octa

9 Tuuy nona
10 LAAAY deca




A28819 N1591UE15USENOULALILAU

CO asusululusenlan ®ie A1susuNausnlyn (carbonmonoxide)
Co, miusulneenlas (carbondioxide)

NO, lulssiaulpeenles (nitrogendioxide)

N,O, Ialulssiaumnuszoonlen (dinitrogenpentaoxide)

SO,  dawleslaeenlud (sulfurdioxide)

SO Fatnasiaseanlan (sulfurtrioxide




NUsZlAasALUALAItaun (Coordinate covalent bond)

“@J&é‘ﬂmauﬁﬁmﬂ%ﬁmﬁu 11191n9¢# U lADEADUNIIUNE DL NDULAE”

i Jana NH," —> 1inann NH, lvdidnaseurlandaiainezmeu N luka H'

_ -+ +

H H | H
n oo oo 'Y

H=N:H

coordinate covalent bond covalent bond




N15vIvBINUsIHalaNalALLaUA

ABLaNINIUNIAIR (Electronegativities, EN): A3N@IN150 bIN1SAIDLaNATaUVDIDLH D

Increasing electronegativity

1A 8A

H

288 2A 3A° 4A 5A 6A TA

Li Be B C N (0] F
e 1.0 1.5 2.0 2.5 3.0 35 4.0
2 Na | Mg ALl si| P | s |a
& 0.9 1.2 3B 4B 5B 6B 7B —8$B— IB 2B 1.5 1.8 | 21 25 | 30
% K Ca Sc Ti v Cr | Mn | Fe | Co | Ni Cu | Zn | Ga | Ge | As Se Br | Kr
;_j 0.8 1.0 1.3 ) 1.6 1.6 155 1.8 1.9 1.9 1.9 1.6 1.6 1.8 2.0 24 2.8 3.0
.? Rb | Sr ¥ Zr | Nb | Mo [ Te | Ru [ Rh | Pd | Ag | Cd | In Sn | Sb | Te 1 Xe
3 0.8 1.0 1.2 1.4 1.6 1.8 1.9 22 2.2 2.2 1.9 1.7 1.7 1.8 1.9 2.1 2.9 2.6
= Cs | Ba |La-Lu|l Hf | Ta | W | Re | Os Ir Pt (| Au | Hg | TI | Pb | Bi Po | At

0.7 09 |1.0-1.2] 1.3 1.5 1.7 1.9 22 2.2 2.2 24 1.9 1.8 1.9 1.9 2.0 22

Fr | Ra

0.7 0.9

EN: X < Y X——Y




/

% wusslavauanuulidiien wse nuselddiva (non-polar covalent bond)
“DLMPUNUIASINUSE LA EN Ay

C C C C H H O O
& wuslarauduuuiien vde Wuszilta (polar covalent bond)
“pymougdsuiusuiluoznanvassigsinviiniu Ao da1 EN Ty’
C N C H C O N O
H Cl

>
o" o




74
(%4

N1SUVIVBILUANALALILAUA “Tuiugusiduana uas i1 EN v0s0wnos”

< lwanalaviauduuuliiiia v3e luanalifivs (non-polar molecule)
“Tanataiuseinansiunte v3e saudulawiniugue”

- - 0 C 0
<« +
57 58 &
= Clo
B38+ C45+
/ x\\ _/ x\\
5 5 o ¢l 8
F F CL
Cls-




S ¢ ad - a Y
< Tuanalavauduuulitd %38 luanalidn (polar molecule)
“Nanantaiusesadusaianliwiiuaud Asvinasiulivin”

H Cl Clo-

—+—>
8+ 8_ ,[ /[
8+

——
35 ¢

///x




WAIMUAUTZAUAIINTBUVBIURAIEN

nawinldsunladtuuisenaiila s szlinunededlaeassiunasnunneddly
N13vaNeRUsEANYRIANIAIRY wavn1sas1aiussluasnandoun

WAMUAUSY (bond energy) M wasunaslglunisvitaranuseiall tevinli
Anauna (azaow) Ndunarsmialni

- H,,  —>  2H AH = 436 kJ mol”
) (g)

naaunganfunlllulisen Ae wdinwiuszvedlalasiau

14

019280 2 DE¥ABUNITIUNUY LAZLAANUSLLANTU FXATYNAINIUDDNUNNINUNEIY
AaN18NUSY

U 2H,  —>  H AH = - 436 kJ mol”
Q) 2 (9)

wasureIURATEeN (AH®)

AH° = 2BE(reactants) — XBE(products)
total energy input — total energy released




ATNAITUNUS ARV INUSZBUAA9E)

H—H 436.4 C—S 255
H—N 393 C= 477
H—O 460 N—N 193
H—S 368 N= 418
H—P 326 N= 9414
H—F 568.2 N—O 176
H—Cl 431.9 N= 607
H—Br 366.1 0—O0 142
H—I 298.3 == 498.7
C—H 414 O—P 502
Cc—C 347 =S 469
=C 620 P—P 197
C=C 812 p= 489
C—N 276 S—S 268
C= 615 S— 352
C=N 891 F—F 156.9
C—O0 351 Cl—Cl 242.7
C=0" 745 Br—Br 192.5

C—P 263 [—I 151.0




PEng IsiunemmalIuYesUisen H, , + CL, ) —> 2HCL

2 (g)

YUANUSINEANY  IMUIUNUSSNEANY  AIWAIIUNUSE  ATwasuntlasulag

(kJ/mol) (kJ/mol)
H—H (H,) 1 436.4 436.4
cl—Cl (cL,) 1 242.7 2427

YRUANUSLNESIT IIUIUNUSEINES19 AIWAIUNUSE  AwassuJagundag

(kJ/mol) (kJ/mol)
H—CLl (HCL) 2 431.9 863.8
AHe = Wasulddill - nduuiilaaanu

= [436.6 + 242.7] kJ/mol - 863.8 kJ/mol
= - 184.7 kJ/mol




P89 YeUszInamNaIWIBIUise H, , + O, —> 2H,0  (-483.6k)/mol)

2 (g)




nounlvasurenisiianuszlaaug

" sUsuluanalavauded1sig enaviueldles ngufnisnaniuvadadidnasou
Tuaaiataud (valence shell electron pair repulsion, VSEPR)

" uinisledianaseuniuiuiioasisiusylanieus azonfenguliusesngg Tunis
PN

0 mwﬁﬁﬁaﬂ%@éwﬂ%w’m laun ngeussiataug (Valence Bond Theory,
VBT) uaz naufaasineadsluana (Molecular Orbital Theory, MOT)
SfunnAalmifldesueiussimiloufunnusenisvane Wusyluluana
San1 lauslawtu (hybridization)




WUUTIALIINANYIABanasauTutULaNgn

(Valence-shell electron pair repulsion model: VSEPR)
. mﬂﬂmﬁmLLﬁqmé’ﬂﬁsz@jSLﬁﬂmau DodUsTALAT NUSYaN UM PUAUNUSE LA,

= mnluenadlassaiasiowuudainnii 2 1aseasng snaunsaldiluudnass VSEPR
psunelassasslanle

" ASHANAUTENINEBANATOU

AlAnLAE — ALAALAYY > ALAALIYY — AAIINTUSE > AATIITUGY - Aas1iUGY
. Tuﬁwdwqgj@Lﬁﬂmauﬁﬁ"ma%aﬁuﬁzé‘aaﬁuamsmé’ﬂﬁ’u%aﬂaqLﬁa EN 9999¢#0U%
AeUTOUINATY Tetngzeznaunilan EN a9 %ﬁ@@m@Lé‘ﬂmauﬁﬁma%ﬁaﬁuﬁzLﬁi’hm
ataslaun yiliauruILtuseugesneunattesas Wunavinlwdinisndniuan
UDUAINY




/N 0
I |I||||
- </ lipy . _~ H HOH
H 107 3° H
109.5° - 104.5°




alvgasiluvesluanalu AB_E

Tned A = 2¥ARUNANg
B = prmoufiasaiusyiuonaunans
m = ai"]mu@jﬁLé‘ﬂmauﬁa%qﬁuﬁzﬁuawammq
E = SLﬁﬂmiau@ImmLﬁaa (lone pair e)

n = FNUBENATOURALAAAEL?
" Tuanadilifl lone pair e =2 gasialuazidu AX_E, (50 AB_)

" Luana®idl lone pair e- 1ansy3ld AB_E_lagA1 m, n nanviany = JUsNa
wansineiulUTuegiulsmansEninBidanasouslanfIlagBlannsouANIse




* = da & ' =
< luananeznaunanclilisiannsauglaniien

2 BeCls. HeCl
s A = B—A—B B 2%l
Lincar Linear
- B
3
- - B B
Trigonal planar Trigonal planar

B
s )\
- — B —— B CH_ . NH -+
= S LA e - <
B
Tetrahedral Tetrahedral

B

0]

0

0
w

s 12'0"3‘ ) w\‘( i PCls

Trigonal bipyramidal

-

Octahedral Octahedral




180~

2 m BeCl,. HeCl
—¥ AN B A B 2- Hatlz
Lincar Linecar
oo B
1 - B
3 X
- g B B

Trigonal planar

Trigonal planar

. A

NYL—

CH._,. NH.

Tetrahedral

PCls

SFe

B
Octahedral Octahedral




AB,: BF, (Boron trifluoride)

AB,: CH, (Methane)
H

H—L—H

|
|
H

Planar

/

Tetrahedral

AB,: PCl, (Phosphorus pentachloride)

.+ :Cl:
:Cl

. e NG e
ot
i

R

Trigonal bipyramidal




* = Aa & ' = 1 = '
< lwanafeznaunalsdidiannsaualaniaen 1 @ %3980

|
A
B~ g

Trigonal planar

AB-E

B— s
B
Tetrahedral

Trigonal
pyramidal

ABLE,

— —n
B

Tetrahedral

Bent

H,O

ABLE

B/B
8 <§B

Trigonal bipyramidal

Distorted
tetrahedron
(Or scesaw) L J

SF,

AB3E,

T-shaped

ABLE;

Trigonal bipyramidal

Lincar

ABsE

B//»L_T_;ié

Octahedral

LEY

Square
pyramidal

BrFs

ABLE,

Fst=r
B’/_/|LB

Octahedral

Square planar

@ %
XCF=




AB>E 3 2 1 A Bent
Trigonal planar SO,
AB;E 4 3 1 B— &A—p Trigonal
E{ pyramidal
Tetrahedral
AB,E, a 2 ) A Bent
2 - = .-// \B
B
Tetrahedral
B B
- 7 \ Distorted
ABLE 5 4 1 = tetrahedron
B B (or seesaw)
Trigonal bipyramidal
B s
AB;E, s 3 o B<P:Q T-shaped
B -
Trigonal bipyramidal
B s
ABLE; s > 3 :é:AQ Linear
- -
Trigonal bipyramidal
B
%ﬁ? B
Square
ABSE 6 s 1 E(/ | Sy / oy veddal
Octahedral
B B
ABLE, 6 4 > / e / Square planar
B B




A78819 23kimdn VSEPR viunegusivadiuiananaludl

() CH, (i)) CH,CL (iif) XeF,
(v) BF, (vi) NH, (vii) PCL,
(ix) CO, (x) SO,

AW () CH,

pgmaNnad A8 C 49113 valence electron
$1UIU € VasREMeN H TiunTanad1aiusy
593 IWIUDENHTU

Fau SrunudiEnnsoudildadiaiusy
prmoUNaNIzandEnnsoul 4 Anwusy

(iv) SF,

(viii) SF,

4 e
1 x4 agnau
8 e

ARG CH, = AB, = gﬂi"]\‘nfflu mq?i‘viﬁ'] (tetrahedral)

= 4e




(i) XeF,
9mNUNAY A C UINUIU valence electron = 8 e
AU e VBIDLHDN F NUISINAS 19N USY = 1x49zppl = 4e
593 INUIUDLENHTOU - 12 e
(Y gj o a e Ay Y v Y _ I
AU ANTUIUDLANHSOUN LUAS 1IN USY = ge (4n)
A a & a9 v a ) _ ]
amaUNaIEvaARdlanasaululyAnnusy = de (2f)

At XeF, = AB,E, = jUs1alu Awdsunuusiu (square planar)

FIIII||I| 900 ||IIF




(iv) SF,
9LMONNANY AB S UIUIU valence electron = 6 e
AU e VBIDLHDN F NUISINAS 19N USY = 1 x 4 92U
593 INUIUDLENHTOU - 10 e
(Y gj o a e Ay Y v Y _ I
AU ANTUIUDLANHSOUN LUAS 1IN USY = ge (4n)

A a & a9 v a ) _ ]
amaUNaIEvaARdlanasaululyAnnusy = 2e (1)

At SF, = AB,E = sUs1allu nszarumn (seesaw)

tF2 . tF1
_EE‘ " _ E‘{ ﬁﬂ: Fa
: »F.. — \*‘;F..
H = :F:

expected actual

= 4e




wqwﬁﬁusm’uawﬁ (Valence bond theory: VBT)

“gfugNIsiiATUsElALEUAINIAIINATARREABNNIEUNAT1TLsEAWTY Aasldaes

(=K dl

IMavesusayeznay (atomic orbital) Wgeusiuniu (overlap) iatduusiiuvesesstval
714 2 ozsulddianasaudsiuiusesiuiy azluuiunsianasaudsuiuszaIunsn

AU IULNLe diusesianazdlanasaunluiigifunisasiavussuugiatduaniIzue

LAaYarnoNay”

1S 1S

H H H-H.

() D — ()
1S 2p O-bond




& NISYIUNULUU “head-to-head”

vivbinnstouriuAutuiauLdwsgs naduiiuse “@nun (sisma bong, G)”

Iinternucledr l\ino
S5, o
s 8 s P Pa Pa .

& NISYBUNUKUU “side-to-side”

A U

Junsteuriuautnsesessiva deluiudssanntn haduwusy “In (pi bong, T0)”

Wuszlw llansaifnfumelg 1o seafnsmduiuss@nuieaus

= Wuﬁzfj: 10 + 17T
" NUSEANY: 10 + 27T




lauslagty (hybridization)
n1suiuveteasinalusuenanveseznay Wawsedlvlunisasesiusslaniaus

¢ sp-hybridization

T /_\' y ¥ d
i ‘ _— — - Hybridization _ ?Z . 74 X

2s 2p, sp sp

(
l

BeCl, (beryllium chloride)

LNUANILAUS s Uad s uLlauddldnasauly Be N
2s 2p
v Aa & [y} Y] fa o T T
nsgAY 25 Blannsau 1 fa W 2p aa3liia
2s 2p
@374 sp-hybrid orbital 1%

\ﬂ_/
W m " sp orbitals empty 2p orbitals



% sp*-hybridization

/

T y
/‘T |
Hybridization 2 5
2s ' > ! sp
1
y y
. N4

<

sp?
2p, 2p,

BF, (boron trifluoride)

6 A o Tl T
LNUAINLAUT eI UYRUDY B - % Q Vo
N3 25 Blaneseu 1/ W 2p easlvia [ [1[7

28 2p

#3519 sp’-hybrid orbital YK

sp” orbitals empty 2p orbital ’




SF, (sulfur hexafluoride)

WHUATNILAUG D5 UNaUDY S N [T
3s 3p 3d
36U 3s way 3p Banmseu LU 3d eastvia | 1| [T[T 1] [1]1
3s 3p 3d
#3139 sp’d’-hybrid orbital )
sp°d” orbitals empty 3d orbitals
PBr, (phosphorous pentabromide)
¢ eaw N TIT|1
WHUNINILEUG RS UaUDY P
3s 3 3d
N3z 3s Biannsou LU 3d oasla 1 Tl [
3s 3p 3d
8514 sp>d-hybrid orbital
TITIT|TT

sp°d orbitals empty 3d orbitals




gaanaly guseluiana waswvilanislauslawdu

gasall  aflanslevslawdu  sUsTuana A9E19
AB, sp LTRSS BeCl,
AB,E sp’ A3V SO,, O,
AB,E, sp’ A3V H,0
ABE, sp’d LHAURTS XeF,

AB, sp? ANUVREULUUTIU BF,

AB,E sp’ Nsgdnguuanumaey  NH,, PCL
AB.E, sp’d A3 T ICL,

AB, sp’ NIANAYUFNLN CH,, NH,*
AB,E sp’d Nyelingudnie SF,

AB,E, sp’d? AvBgLLUUTI XeF,

AB, sp’d NsslinaAguamdey  PCL

AB.E sp°d’ fisefinguamvae IF,

AB, sp’d? RGN Vive SF. pn




3. wuszlane (Metallic bond)

* ayURvatlany Lawn
Wudinanusaunazin lwinng

- W9 weUansevinlnlassala
[~ Y] v v

uansiu @gvaunaale

- PUABUAA AL ALADAGS

= lavzazlieglusUluanavesansiianunsavantadn 1 lanausenausivaymay
Y99510 AU B8 NavRoznau wilavzaslianvuziduwuy “lasaiy (network)”

= LeudBlanaseuvadlangazdusgiuianduavetesneunigasvnabninegns
waue) YA ugBLanAsouLAdoUNLAR




ELECTRONS

“Nyianuandlannsau”

SlANAsoUNAARUNLAdASY (delocalized electron) vililassastsvaslanyil
anwairailesiululiiinguae vinlnlaveanunsailninles

A1NNSNLDUVDINANZEIUISAAANITIUALUAUNLA 99 ra1U1508R 1158
Wagugusvedansla

15 leeauinnisieasuliladsiliilaneaiuisnuinnuseaula




4. wsegamntieasEndnglaiana

= assadieansusenaulensiin wazlaviy dussgaumibelozseuluiuseloneln way

wusglany danvauzduwuulasaiefineiiesiuly dwuddldaunsouenluianaves
a1susenauwmaille

= luanalaviaud lunildluanales Wusshdamietovneuusazesnoy Ao Wuselawn
aud  Bauanaliliedien usszdawmieniusisusidamieiseninduena

(intermolecular interaction)




wsenepasEnIneluanalida (Dipole-dipole attraction)

Y
U

w L JuuseiifinTuseninaluiananitin1is (permanent dipole molecule) wu PCL
wag NO

s Jadunsedavnenngeesuasuiunuselaeniin Laziuselariaus (~19%)

= UEAUTEI92aNaI081999L5) WoTTEi1eserielianalaAt eIy A9ty use
Aegaserindlaanaitinegluaausuiadaliataguin

[ Juldeddgnniviungaisien 9avaaualvesals tufe Tuanaiiivauin 9siye
AR YANABNLAT genIntuananiiditiesnin




wuszlalasiau (Hydrogen bond)

2
U

= Juusshsganmsliihiseninsluianafivaiianunduss (5-10% vaanusslaviaud)

=

P LAATYINNREAOUNIVUIALENNIN WaztUSEAUINGS A9 H AUBEAauUNIAINNEIN1SE

9 Y
=

TunsAsdianasaugeunn vinlilieuduavas Aa F, O, N

Y

= =

»  luanassiiyaiion yaviaaumian geandnluanalaviauavialy wu H.0

9 9

dulseanee) Ao fuselalnsiay




1L5989uUMadU (London force)

= U9ATRSEN WIIPNAALUULKNNTEANY (disperse attractive force) %38 LIWIULADS
11ad (van der Waals force)

4

[~ = 1 1 o
s Wuusefegasevinsluanaliien

r Junsanldiinanietaiaun wazldvnlmanainuidussideulun1sdntsediaiuue g
aznow Masluana Wuwsidamietegasou linds

%4
%

= Jussiinuluesseu Tuana wislossuvnuin wililidnsnaluluianaiiitinids

= Tuanavuialvg 9wdisieaunaussnINluanauInnIuanavuInLan

D

=\l

Propane (CH,CH,CH,) fyaReawiiy 42.1 °C

= =

Hexane (CH,CH,CH,CH,CH,CH,)  #3aiReawiiu 68.7 °C

q




PALABALAEN ULV INTLaRUNuUNHLaZAUNAUUNR

laana

F, (Lne)

CL, (una)

Br, (V@311a7)

|, (VO9UT9)

gadian (°C)

- 188

- 34

+ 59

+ 185

yavasuwmial (°C)

- 223

- 102

+114

ANlaLaNa

D
I
D
I




asuUsenUaInusELAl

‘0

¥ Wuszleoaiin (lonic bond)

124
= 1

uusanslidl (electrostatic force) NARTUIEWINDLABUVBITIWNTABLEN

A a &

Insiun@in (Electronegativity, EA) 61 An guidudiannseulning AU aznauves

y v

519 7TABLaNATOUSWILR (Electron affinity, EA) a3 fio fediannsauled

Y

“ Lﬁﬂﬁuﬁgﬁ ARINNNSTINANYadtpaauUINLaY laaauay”

\/

% Wusglataug (Covalence bond)
UUSENLARANNITUNLAUSDLANH TOUL LTI INAY

’0

*  Wuszlawz (Metallic bond)
Juiussiialulavy eililansinliiuazauieulan aunsosidueiy
viofuluduls Ianuuansnesenivgunglivasumaitazananning usu

4

)

 NUSElARaSALUALALILA LD (Coordinated covalence bond)
LUNUS2 AL aUSYIANTY WeLILaussLanasounuInldsruduty 11910

MU lADLADUNIILNIDEADULAY ‘




