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38 UMe iy JI ey Gl amyg Buslgll e gaamall (3 Olaiil) 28Ul el LS
Blgdl e ASTs ST
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:Electron affinity 4:59ASIY1 49
d>baoll Bl jugSas (P9 AST of 09 A LS| de whdl 5)ud ;e Blue P9
Bgal 095 A5 Ll (§ B9 A0 8yt LS| kel

xgg T € = xg
R W dls Il u_,aSJ\ ol L}s(‘_)].b PHER-VEIVYS o(_,«)af 49 ASIYI aay 0955 lokiad
@l Of bl Jle 8y § 0aASIY Of (a5 B dadsyall (bl BB Of Lekte Lobes
a9 ASIY) A1 83901 (3 cnead! J) sl (30 g ASIYN LS AylS SL3jH 90 plall
Bl de gazadl (youd UdB polaall ciglasiy (alasdl Lgie J3I [A}A‘v O3laosl)
:Electron affinity for Group (6A) (6A) dsgezxall nolial 409 ASIYI daIVI
4398 OLSsall o S (3 (0%) deaSIN 092l g g A DLSY s (ramusS U
ae Azl WlSyall (e (WS 095 pomuSYl dolsg dcgamall 00d polic Ols
u;L..oSm

s + 26 — ¢& sulphide ion

Naturally : 0>, $*°, Se*, Te*
3
E
Atom + ¢
- E,
Anion

:Electron affinity for Group (7A) (7A) s gaxall solial diig ASIYI AV
g3l lirgllel! dudels B Tykag .Xp delal) disall Ll Oolas Y lgases Siliurgllg)
Aaglall § L paiall @il 3Tl oz Y
BaS duzrge duig AS) uJI, ale b ol Oluagllgl
Cl + e — CI' chlorideion
Naturally : F,CI", Br', T’

.
:Volume of ions ubyﬁ ‘o»

< sroup 1A Group 2A Group 3A Group 6A Group 7A

s , Li Be®" Be B u\.’u-‘ ¥ l ¥

( S 1.34 0.31 0.90 ).23 0.82 0.73 0.71

Na* Na Mg Mg I I

0.97 1.54 0.66 1.30 18 0.99

K K Cat? Ca

1.33 1.96 0.99 1.74 o

Rb* Rb s Sr l l

1.47 L 2.11 1.1 1.92 0.81 2 “J

dulgall dlalualgil
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e gall l@.»_,gt x> U.a_;\S‘ Adlaiell 3)d) e Ol 2asd o LuSan Gl S ye

ey Jls
ke K
1.33 1.96
Aolazell 43_).59.2«:0.9_;551 It Ogd! x>9
s Jlo
Cl o g
0.99 1.81

S ol Aady Loie iy Y (45939 due) _paiall Gyl daaldl O slael cpay dsYI )
AST ol g ST

239 ASIVI 2 gill i Lg) <L gl

Aiaall oliall Slee po G Lol Jaudl 5Ll au)gs lgaresr bgsl g iligaU
Aoy Lglig ASTY Jawd! jLadt a9 el dslazall hd (o daziuell ubysu 01
© 09 duwdd lig ASIY sue llial & SlgNlg byl o il gdl -_s,.u -ns np
359780 ol ligASIYl Aglute b Bratuell lgiln) duas J9ASIY asjedl

.(isoelectronic)

o ® o (W

A

9t '. | oF" (6 ﬁl
1oNe 10Ne (/i

11Na \/. | 1uNa* (’6
12Mg 1\/,. .! Mg* (i

fimga ol iy

dalgall Glalualgil
Hawhita ntorrations| Olymplad Froge
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iCovalentbond  dwaludl dalyli
U ASIYL bl HLES pasass AdlesSIl Alayll OF Luogd caple 7481
1Ll B3l>931 Alaylyll ¢9SH JUaS Hp (3 AdlkasSII Ayl )l 012985 ds-1
U9V Sgrunall § Burlss 0950 Jadd uxlg 9 A elliay cnamg )il Of polas 92 WS ©
Bloww O3S0 I (S) At Olgall 5a 3515 £ & Syion Bk 5o (sl
. (center symmetry) 3 3550 <ild (59,5 JKao 4.9 AU

1HZ 151 .

09 A elliad () alisee (5)d (i amloewd) CHE pe dealudl Alayl)l 9SS
oy (g ‘_;\sss

H: 18! . . H: 1s!

Js @3 (molecular orbital) k> Oblie e zaiy Zzuil 9 (yladl ddoe day
(0) bozxaas dool dnnlud dlasly 05SGl (axial symmetry) §)g=xe

oS Glgs Jg= Obay (e iUl lgdsls § Jeod Bupdr Bloew 035 Ayl)l s
J9b Tnad Tauions uSlaze St Olizmadiall

1098 pate b o Lass (@) dealuddl Aayly)l oY1 A5 W o
. 5385 OUg AU duues Sl 0 59Ul 8yl 39 ASIY a0t e JasMs
17C1 : 1s% 2% 2p° 3s? 3p°

0552 S -(p) £95 30 (£ Jlre § Al Ayl 0555 6 Jgimall 09IV O9S0
s olilaie mad 93 K& Je (axial symmetry) $y9oee J5led ild 459 ASUN dyloene

@

YA

4 //

H
| A
4= g B
74
v

4 =
1
H

14
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Bloew &) Ylone 055 (gl JSI5 (p) ey ollome ool dudas (o Ayl )l Lais iy
Bdad duig ASI

td
e o —v -- ol -
o 'l H ‘ " H
- >
K 1 X
? 'f" f 3 ,/
- ol = -
r": l/:
X X

d>l Ly sy 39S z9) bogade (3lay 0B ASUI L) .(0) Lazaww £95 oy Aa3W) Ayl
Alayly e 459,80 Zl93h (e 3l 0555 L AUV 3L Lol 538N g ASI

1S9l Jauaddl nolis 9 duenludll dlalyl
P e dasludl de gamall olic
D981 51e Aasly Gl Jlie (V) (palid §365 ld donludll dlayfdl 0555

IC1—Cll
D e dwalud! de gazxall olic
Aanlud ol (655 LgiSies G (Y) polad 5355 I3 deanludll Alashyll (355
70N
@)
H/ \H

L Aas Aol Ac gaxall olic
Aunlud Jaylgy B (955 gSas U (Y) (polus 5385 15 Lnanludd Aasll 0555

H—ITI —~H

H s 46 Anal e gacmall bl

nxg ddas 090,501 83 ,__353&‘:.“ Ol ASIW iz

ﬂ)b‘ a.c_,,o:.u CL‘D}’ Zx_:,f_,d\ 5_).1." L_g ;t_)J.lJ| .‘J)b‘)" T ‘_,LG éua_-_\ Elhmjbg :(Jﬁ"-‘ﬁ:‘”
A1 2P M8l 9 25 ey 099,51 By A388Che dizmge IV Ayl uiing Aimge

Cl: 12  2¢ 2p°
N[0T

H—g—H
]

Axanlud Jalgy aol (12955 giSay S L(£) (ol 5365 old Anadlutl] Alnylyll (955
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¢ e W) Ae gamall polic
Auonlud Jaslgy M (oSS lgiSas G () (o2l 535 ©ild dnanludl Ayl 0955
) : 5B de gasall polic

Apanlud cyilasly (955 (giSay G (Y) (plad 3985 ol danluuill dlaylyll 0355

:Multiple bond 8adasal! dlaylyll
G 693,S050el J9Y) Poazall (p9 0925 D e Al Bradls Al 095 (S
344 (Bond energy) iyl d8lbg 154 pm dlayl)l Jgbo yadsg (CUEIVI) ed

.kJ/mol
H—E—Iil—H
B
H H

(SUSIVN) (pundy AL Egacmall (B3 0928 nD3 o LSS Anadlid Ay 1955 Sy
.615 kJ/mol (Bond energy) dlasl,l albg 134 pm dlaylylt Jobo yadsg

ad pe95 (o SLI Aaslyll 0953

pesd (leme (g (o) S (e Al (0) e dlasly L)

Sl Sgime O3 guesd (e (o (@l S35 e A5 () gL Ay Y
.(symmetric plane)

‘__-.

Pudy BB poamall Py 098 DD v A Aealud Aal 055 oSy
.812 kJ/mol (Bond energy) dasl,l 43Usg 120 pm daslyl Jsbo jdisg . (csluaIVI)
e (ne g (e ASI Ayl 09855
ey ol (o (o) I s A5 . (0) Lempas Ay .
Sld Ggrums OIS uesd llre o (il J35 e A5 () gL el Y
w2 de Obuelais lag (symmetric plane)
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:Multiple bond and Elementary molecules dacul <l g 83dasall dlaslyll
onilisen pSebes Alaundll Cliozad! 3 moball b3 el

g A A e Jolsdl Sl oS dsliin 8500 (39 ASIVI gl 0550 . )

DL AU Y ae Jolsedl jLall SA aslins 83U L_;gjﬁ)’l &) 94! 09 .Y

'Y, | P|I VAN A

f..0 7 A RS B Mol I e

‘le ‘\L, ‘sll \ Jl ‘sl
H H

:Dative bond (LWl ) dduwliall dlaslyl

00 o &Y ge B3 dedlus A 05 Awaludl laslgl Elgil e g8 (2
Jailgy 3 AR e il A

Bl awd 539 Blly cdouilall 5L SBgASIY (o Lrg) e (G BN
186 Hlae puas 2lg sl

G 53 g AW 888 0555 092,SU1 855 O O9ySIl eauST ol S 0955 Losis
S 833 ae Aiwls Ayl 055 e Joaazd Jolidl Sl (39 AUV CSAN Slis
Ay e 0553 9 1071 KI/mol & Alayly)l 35U 5us -y Log AS Ty ehad (31
725 KJ/mol 692,51 auSt 36 552 § AL aayl )t 38l i 1t oo (idshy 5 ©

~

:Eight rule exceptions duleil 8ustd Culeliiw

iU AN 8 oo ST g (I S50l poliall

2S5 G Anled e J31 OlSyell pasm (3 D3Syell 5)AL daoall OLg AU sue of dand
< B

55 0Lg A g 157257 (2A) de gazmall nolic do g9 posbisdl 39 AV ajsd
S gkl 3 (BeHp) posbiad) dpiud 015509 .25 clld (3

sl 14 (3 poaiall Aiws o Log g ASY) danl Aboloes pgabiaddl 8)3 OF slgll (e
Ol Bacld (3adoa)

H—~Beg—H
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ac gazmoll Luits _solic Lol Al 8yl aial ¥ 5965 (e (DA) 4e gammall _solic (S9ad
NHs, PCls, PCls: lade Jliag .0 9 ¥ §86GM rnedy (de (S95 Lg31d LI 8901 3

ac goazxall Luits _polic Lol AW 8ygull_aial ¥ 5065 s (BA) is_gazdl_,\au.c- $9>39
Ho0, HoS, : lgde Jliag .9 £ 9 ¥ 53 pla)l M8 he (Sorme3 Lgild AN By9ull (ye
502, S03, SF4, SFg

A_cjudl J..ph.c Lot ZmLJl o_,_941|4.,m_..1 1_9.9&.: d.c (7A) h}ﬂu}“ﬁbﬁ L5_9-7'-’_9
HI, IF3, IF5, : e Jlag .V 9 0 9 ¥ 9 ) 585G cped) e (Sgam Lg3la AL 890l (e

IF5
XeFy, XeF4, XeOy, : lgds Jlag A 9 19 £ oY §3K5 Lde (8A) s gazmall polis (59239
.XeO3, XeOy

:Covalent bond dwealudl dlaylyll

g AN (295 OB Jaruwtll Jorf pag - cniyd Aawles g ASY] punlds Lgud @i Alasly (p
ez Oy (S AL

Bayaall Al (45 Asedludll Julgll oo dalises floil 9SS (de 808 @bl o)
duriozxs ddos Ltgidl ddos 035.\ LS a9 Lg_g_,tSJl T9de Gl o | P9 Oy Elwless
.(axial)(sigma) (d)9=0) Lazsw (Symmetry) J5ls cald dlayfy ¢ 9Sad

O3 A g ASIY! Culrgaiall (pe (a3l OGS HHLAS oye Laxs Q;J‘ daslg Jl cpe S haoladly
(Do) SU 9§ lozew Alaply oo oty Ldzgajell AlaylJl CBya3 danludll dlaylyl
Aoyl Alaall padl dasldl Jobo 09509 - Auilud LgiasSS ddes 09559 (pi) (Planer)
ol u_«;i» <l ddt Ex>9 . Lomeiww

(CO2) 092583l ST (3B by (3 Amgaye Jaslg) 3979 elld e Jlko

5 (3 WS . ligASIY Gilrgaie cpo AL OB 2hHlads Loase AN dlayly )l Lass
05509 -(pi) (Planer) (siua) $b OBl 9 lazew Ay ey Calliy .(No) crmg i
oY) 0550 Dbl eara-g (ALl Jaslg b Alaell sad) ddaalylt Jsbo

:Molecular Geometry vl JS&JI
Valence shell electron pair ( VSEPR ) §3631 O (§ duig AUV g} ,3L5
.repulsion (VSEPR)

Structure cSA) Shape JS&JI (@) 4oyl 3915 Bond angle (o)

AX : X — A —X Linear (Jjas 180°
a

» BeCl , CO_, CS_, HCN - ”
2 2 2

Bond angle is NOT modified by double bonds!
daclacll alall 399y dasy )l Agly paisy
Addas S0 0555y H, O, SO sl
L3501 8y b Asate dlayly pe 4o g AU i)l D9y SIS Q3 lly
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Structure <SR! Shape Jsadl (a) dasy)t 4915 Bond angle (@)
AX : trigonal planar (Sgiuwe Cdine 120°

=

X
A

BClg, AlCl3, SOz :ell3 e dliol

H H O

= ) a <120°

¥
H H H H

byl e ASH e () ASL AdaylJl Zlisd Cauddly - VY- gl 09y : NH3 Q3 L
Aoy
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Molecular shape

£ L
‘ js S-s
M ‘A: central atom 43S ye 3,5

Valence shell electron pair repulsion (VSEPR)  x: |igands <Suai

Struc'fure S il Shape Jsal) L i dg g3
Tetrahedral 109.5°
g sl ol
Pl. CH,, CCl,, XeO,
Pl. CH,Cl, CHCI, Bond angle can be modified

by ligands of different size.

gty Jay )l Ll g5 i of (Say
dilise alaaf cild

Q>

Valence shell electron pair repulsion (VSEPR)
( VSEPR ) slsal) cide (8 4y 5SV) gl g i X: ligands <ibale

A: central atom 43S ye 3,3

AXs AXg AX;
Erigona‘l bipyrar-nid Octahedral pentagonal bipyramid
-swumadsmu- o539 Al Baclill el Cicliag a A
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Valence shell electron pair repulsion (VSEPR) A: central atom 4:S a3 3

- - . - - s 1 - -
(VSEPR ) silsall Gide A 459 SS) 719531 il X: ligands <Saie
Structure S il E: nonbonding electron pairs
. Ay e 4 g 8N 3
Nonbonding electron pairs attaching
Tetrahedral to the cantral atom need more space
sy sl ol than the bonding electron pairs.
e i3S pall 5,300 Aleaiall ddag) Sl 2 25 5Y)
Agiy SN )9 01 g ST 1 M i
aday

AX;E: ' Trigon?] pyramid Bond angle can be modified
y (i o A by ligands of different size.
R Y Clatiay i O Sy das i1 441

dilisg plaaly

S e

AX,:

AX«Ev: &

H,0

\
(L

Valence shell electron pair repulsion (VSEPR)

(VSEPR ) silsall uide 3 459 SSN) ) 9391 s A: central atom

X: ligands
Structure _ _
S ) E: nonbonding electron pairs
AX,: flat triangle
(S Slsa Salle
AXE: SRR ‘ V shape
0% 0 Vv s
S0,

Both nonbonding electron pairs and double bonds
need more space than the single bond.
'&l)iu.l\ C\Sﬁihh.‘aa]‘.kg\_,)“_,“a;\)‘ e E‘-’j\“ 8
83 jiall Aay) U &5 e S
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Valence shell electron pair repulsion (VSEPR) A¢ central atorm Ai3€ et
(VSEPR ) Ssill e 4ig 3 glog¥h Ay oo g eolaia

Structure B At s e _
S : n?n on mge e‘c ron ;?alrs
Aoyl ) et Ag g 80 2155
AX.: Octahedral Rogms :
6 L Every position is energetically
el equavalent for nonbonding electron
pairs.

A 1 e )5 330 Ll 6 iS50 a8 50 S

AXE: tetragonal pyramid e Fn
Sxm\ ‘.’.GL.IJ P} Fout Jag™ F
s E=p F
AXGE; ¢ square planar
1A (5 Flasa
XeF, J &

Valence shell electron pair repulsion (VSEPR) A: central atom 43S ye 3 3

( VSEPR ) silsill Cide A& 4y S )50 X: ligands <iStaia
Structure E: nonbonding electron pairs

S 5l trigonal bipyramid Aajl y ye A 58l 1y 3
AXq: saclall Ale Cieline o 8
‘ The trigonal state is more
2 favorable position for

nonbonding electron pairs.

AX,E: g Mpaii I 4S5 Sallall Al
F7 TF J:RO Al A g IV 1500
SF, FF 9

AX,E,: Tshape AX:E; : Linear gha
T Jsa
IF, XeF, )_'J
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Polarity of molecules
Gy ) Agulad
Diatomic molecules <l all 458 <y ja
dipole molecule ki ¢ 3> non-polar molecule kf e ¢ >

if the Covalent bond is polar if the Covalent bond is apolar
dalad Leaaliall ddayf ) S 1Y) (AEN = 0)
duhd e Laaludll dday) )l culS 1))

Fe =il H - H |cl-dIf
Polarity of molecules

s & - °
Gy ) Agulad
Multi-atomic molecules < )l saaxia il ja

Polarity of molecules can be determined by summing the vectors of boni
polarit Al il Lukl Cilgaiall aan @ yh (o T Koy il jall Akl

dipole molecule ok 8 ss3a  NON-polar molecule @ e es
if the Covalent bond is apolar(AEN =0,
polar bond and their vectors does not dal Aaaliall Aoy ) clS 13

cancel each other out
pandl lguany A1Y LgTgatie Lpdaill Lay) »
vectors cancel each other:

Q o ‘ Jag g el Asasl a5 M) gnia
dOIP. 8 de

OR polar chemical bonds’ polarity-
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el & Jq gl el
¢A
Polarity of molecules
" £ L] - b
Affect skl Gl jad) Aglad
ethe melting and boiling points of substance S jall (llall 5 Jleai¥l Cila 5o
If the molar mass of substances are same, the more polar material higher
oY) (ST Akl JSY) S pall oy gl SIS yall 4] gall ALY 13)
e the solubility 4zl )
,Like dissolves like” principle“dgsd cud cudall ™ fas
e the reactivity and the mechanism of the reaction
Jeliil) 4,505 00 g Allaill
Sometimes the structure can be inferred by chemical property:
el ol gl ity o Say Gla s S il
For example CO should be CO is insoluble .in wa.ter, difficult to
strongly dipole molecule © be "quef'eq _
Jiall Jasss (e (AEN = 1,0) | aliad Camaall (e 3 52 CO |
bl o5 5 058 o) 2 CO |(C 3 Of" | - Ovlirtually non-polargad & Lua
58 il B S
An interesting molecule
< =
pEA PSS
Benzene (CgHg) O edelocalized
e ring structure 4ils aS 5 . 'nbc')nds
X . 53S saia y& Uil ) i
| | |
H \c./? e ~H 8 \C/C " -8 electron pairs belong to ¥ \cﬁc‘\c P
I I I more than two atoms | I
H/C\(.:/C\H H/C\C/C\H %‘J\ﬁ@,ﬂ‘c‘,}‘u/c‘\\cyc\a
| | O (e |
H H H
eKekule formule H
eplanar structure 4lS S dana B /é\ e
(AX;) & sinsa i i ocontr'aduftlon. TOCI
each bond is similar f .
Agliia 0S5 dday ) JS H

CH,~CH; 154pm  benzene 139pm CH,=CH, 134 pm

&
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Complex ions
Buiea il gl
Formation by proton uptake:

O 3 G sb e o588 s
dative bond |
H—N-H Lailus Ay
I + Ht — |H-N-H
H I
H
ammonia
10p* 10e’ ammonium ion (NH,*)
trigonal 11p* 10e”
pyramid (107°) regular tetrahedron (109,5°)
PN (NH,*) pssisa¥) 0 sil

e-Veypt+ Ve e-Veyp+ )}

e o a (1077) (109,5°) phaiie o 523 =l
Complex ions
dA8xa Ct\.'ugi
Formation by proton uptake:

0550 3 Gak e 08 i nl
SN W - LR
7 X I

H H H

water molecule ! |
10p* 10e % hydronium(H,0%) ﬁ
V shape (107°) . 9 11p* 10e .

trigonal pyramid

elall g (H30+) ?_,_}_-,_’)_\*_“
e-\~,p+\. e_‘.Jp+\\
(107°) Vv JSal
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Complex ions
Balaa il g
Formation by proton dissipation:
08538 38 By yla e (S

/D\ — —
A O-H~ + H*
H JH
water molecule sk e5 3> hydroxide ion (OH")asS 5 yugdl (54
10p* 10e" 9p* 10e

Complex ions
YT au‘g_._d
Formation by proton dissipation:  delocalized 7 bond
Osi90r 8 Gk e (88 __/stﬁﬁnihéu

o,
O 0
" i > ,'lJ' + 2H+

| I(i #"’C\"\ ;H & LY
. L e .: -
- \‘\.O_f" \Q/’ i G ‘}4 -:\‘J c

carbonic acid carbonate ion (CO,27) <ilis SH (gl

(H,CO,) regular triangle plane (120°)
P — - - .
%) ol ol
A — | — |
c C =
T T . - ,;;,C.\ o,
\& Y/ o) Gol o™ 0/-

Mesomeric structures 4sis y S| 5
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Complex ions 3iza <l gl
delocalized 7 bond

Formation by proton dissipation: )
5 paia y& ikl

Ot 3 Bk (e 0S8 - il
S -
g TR
l—j’, g \‘H . ':|: . 2 H
i N 2G5
TR OF . BE g
carbonic acid — —
carbonate ion (CO.2") <l g SN () il
(H,CO,) 109:")
Sy g3 SI aea regular triangle plane (120°)
Bond order:

the number of chemical bonds between a pair of atoms
A e 55 O AbasSl dagl o 5l aae gl Jl) 4
In carbonate ion: (3 o+ 1 7)/3 pairs of atom = 1.33
VXY =l ez (3 0+ 1 m)/3 iclis SN ol

Complex ions
Balaa Ll g

Formation by proton dissipation: 2 delocalized 7bond

09 25 Bk (e (S _ — 38 e s T ol
g . | A
oA} oH F o | + 2H
JH 0
sulphuric acid _sulphateTSn (SO,%) iy sl 08
(H,SO,) regular tetrahedron (109,5°)
el HSll (s plaiia 0 g g el )

Bond order: (4c + 2m)/4 = 1.5 4k Il 45
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Complex ions
dd8xa <l Jgi
Formation by proton dissipation:
Ofsn NGk e 0S8

1 delocalized 7bond
‘9)&4 e T Baal g :t.k.'ﬂ_)

o | AT
[ 1o
V'"O . Z2e | + 3H
\ R
O—rH 0
phosphorlc acid _phosphate ion (PO,3) Ciliu gill ¢y
Sl ) shas gill (aaan regular tetrahedron(109,5°)
(H;PO,) plilie 0 93 5 ol

Bond order: (4c + 1m)/4 = 1.25 Ak M 45

Complex ions

ddlaa il g ‘
Formation by proton dissipation: Y delocalized 7 bond
BEEPE Leer)L Oe 0SS /us)w 2 byl Y

]H\ — I:/o + H*

N 0

—_— o

perchloric acidel )l (35 saes  perchlorate ion (CIO, )< sSN G358 5
(HCIO,) regular tetrahedron(109,5°)

phaiie o g2y (2l

Bond order: (4o + 3m)/4 = 1.75 Ak )il 45
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Complex ions
Baira culd g
Formation by proton dissipation:
O30 a8 @k 0o UsS3—

& |
r' LY +
o'ifﬂ N + H

0

1 delocalized wbond

5)_)5)5‘ & T Baaly A

O

— —

nitric acid (HNO,)<h il aes  nitrate ion (NO,) <l il ¢y 5

Nitrogen is the element of 2. periods: regular flat triangle (120°)
its maximum covalent phiiie (5 shue Cilla
valence is 4.
A 550 3 jesie
£ ad) o 5SS

Complex ions
Balea il g
Formation by coupling an ion and molecules:

e s oY OlEYL (388

ARt + 6H,0 —— [AI(H,0)]*

dative bond hexa-aqua aluminium ion
dgailid Aday) o s3ialY) 1 SILa )
/O\ regular octahedron (90°)

/ \ - . -
H H (\Lmn_,;_,qqm

>,
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Complex ions
Bakea il g
Formation by coupling an ion and molecules:
e Osd OIUBYL O3S
Cu** + 4H,0 —— [Cu(H,0),]*
tetra-aqua copper (ll) ion
(1) paladlt 1 Sl ey o

regular square (90°)

i a4 30

Complex ions
ddlaa il Jgi
Formation by coupling a molecule and several ions:
il B2 5 es 3ad o) BYL o388

— —r 9.
|<|3||
ICl-Be—Cl| + 2|Cl|-— ||CT-Be—Cl|
Wi il I
dative bond - <]
Lailus dday) tetra-chloro berillate (I1) ion [BeCl,]*

(1) &3 gy 6lS el o

regular tetrahedron (109,5°)
phiia o g3 5 o2ls)
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Complex ions
dAlea il ﬁ‘
Formation by coupling a molecule and several ions:
i gl 32 3 g jad o YL (S5
tetra-chloro borate (I11) ion, Il <5 9,552l o
BC|3 + CF — [BC|4]‘ regular tetrahedron(109,5°)akiic s g2 5 2l )
hexa-fluoro aluminate (11l) ion (11l )<tisagll 5y gl sl ¢ g

AlF; + 3F—— [AIFJ* regular oktahedron(90°)
‘J?-l'u 5434 q.'llll.n:
SiF, + 2F—— [SiF]* hexa-fluoro silicate (Il) ion

(1) Sl g 5588 - s
regular octahedron(90 °) aklie s sy Sla

Boron is the element of 2nd period thus it can’t form more than 4
covalent bonds!

dgaalid gl y ) aa )l e ) (S0 o) oSy Y (il g Al 5 ) gal) 3 peaie (g ) sl
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ATOMS, TONS

il g acl

1. Valence electron structure of an element: 4s” 4p°.

oS e AL &8

Draw the its valence electron stmchure usmg “cells™
Give (derive) its atomic mumber!
Which period it belongs?

Which group of periodic table it belongs?

Which block of periodic table it belongs?

Give the letters of its closed electron shells!

Which orbital contains the highest energy electron?
Give (derrve) the atomic number of an element with similar properties!

dulgall dlalualgil
Hanhba international Olympiad Frogram

A5t Apt s it P gy Sl s 2]
(e pall) LS i YN G S8 s sy (g

lg Al sa () &= (B

i ipg gl M (o

T s s ddﬂﬂ.ﬁl.g“fuﬂ.-n._r! oA (d
Tl il dgdadl A BUS o (A (e
Yor phaall il g GENI AALEY iy pm dui i
AL e Gy AN s e i sl (g

it ol g 4l i o 1 sl ((l) = (]

2. Fill the table and choose the 1sotopes!

1 pad g gsad! Sai 2

Mass E"-.'{p"] 3'1{11':') Wie™)
numbear
‘:’ml aandl
Atom 4 &2 32 16
Atom B & 15 7
Atom O & 16 15
Atom I» 432 7 7

3. The energy level of an electron n an atom 1s characterized by orbital energies. It 15 a molar
energy changes that happen when the electron enters the atomic orbital from mfinite distance
{out of the attraction of the nuclens). Its negative sign means, that the system loose energy
during the entrance of the electron (1t 15 an exothermic process).
al Select the two valies which one belongs to the 1s and the 2s orbital of the oxygen (0):
—3 267 kI mol™, —54 264 kT mol™?

b Which pair of values belongs to the mitrogen (7IN):
1. —2 482 kI mol™” and — 41 033 kJ mol™
2. —4012kImol™” and — 66 158 kJ mol™

Explam your choice!

&
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Ja e o () A pall 3L o s ) laall i Al g B 3 A (g A AL g s g L
el BBk B Ul o s Bl 45 ) (6 e Jlaw g ) S Aan (e g g0 jlaall o RSN
_ ‘ (e B A L) (g RSN A
20 OB 25 jlan ol g ¥l 15 jlae (ol bablial oal 2 (el (e 2| G0 (@
*_54 264 kJ mol ™ 5-3 267 kJ mol™

1(3N) Qe Al ) o plll (e g5 51 (B

—~ 033 kT mol™ 5-2 482 KT mel™ 1

~66 158 kT mol™ 5 —4 012 KT mol™ 2
e

4. Brefty answer the following questions!

al Which element has got the greatest first romzation energy in the third peniod?
b} Which element has got the greatest electronegativity in the thiord period?
¢/ Which element has got the greatest second 1omization energy m the third penod?
dl Which element’s ground state atom has got the zreatest unpamwed electron in the third period?
&) Which element’s ground state atom has got the greatest unpamwed electron in the fourth pened?
A1 Whach 15 the smallest atoamic tmmber element where the Hund rile apphes?
gl What 15 the atomie mumber of the element where L shell begins to charge?
k) What 15 the atomie mumber of the element where L shell’s charging has been fimzhed?
i) What 15 the atoome number of the element whers M shell begins to charge?
J) What 15 the atoone number of the element where M shell’s chargmg baz been fimzhed?
El What 15 the atomie mumber of the element where M chell begins to charge?
A AL il a4

f&ﬁaﬂﬂgﬂ@mguﬂé (a

AL 5 jgall B S A A5l A peais o) (D

TRUAN 5 gl (B A5 s ABE i Al pais ol (o

TAIN 5 jgall Al Rl pb iy EN (pa 206 S Ll B el Aall (A S pis ol (d
a3 gl A g ) g AN e 2 ] LS el Al (A4 e T (e
T Sl ity Suay g 308 sl W U1 il e (f

TL il e bas s o3 pciall o 0 suli e (g
mLm@gﬁeémJﬂéJmmu (h
?MmmiaﬂémﬂéJHMu {i
mhi-wggﬁéﬂhﬂédiﬂuﬂh ]
mwmlgéﬂiﬂédiﬂwh (k

5. @) Cocle the formmlae of ioms which has got same electron structure as the groumd state argon

(18Ar)!

Br St Ga™” Fe®" In™ K Ca™

Na Mz Cu Cu®” et 5 cr
bl Give therr closed electron shells!

¢} Which of the circled 1ons has got the smallest radins? Explain your answer!
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Br
Na®

(18Ar) 3 fuaad

St

Mgt

. +
Ga®

Cu”

SO

+
Fé

Cu*

Zn™"

Sel”

K

5

g
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lad) 2 0 ) peind (A 5 RN S g A Sl ) s 50 e (S
+=

Ca’

cr

Toe plaall Ay RENT AAEY) 28 (b
Bl pd T o ] g 5 s Albanall clipill e gl (e

6. COMPLETING A TABLE

| el 6

Every rows of the following table refers to an appropriate ion or afom. Fill the empty cells of the

table!
Tl gandl B 4 AN cla pall Sal Sadin 33 g gl (M (I Jgadl (A i 8 gas
Full electron structure
Formula| Name with giving |with giving the| Number of | Numberof | Number of
Sl peatd | letters of | nearest Noble | profons glecirons unpaired
closed shells | gas shucmure | gl o | aldg A0l o= | elecirons
AUEY Jay | g RN i G i g R 2
ae glaadl HE e A da gl Pall i
[Ar] 30°
potassinm
atom
20 0
35 35
Sulfide
ion
K 1
26 5

&
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7. Which of the following statements are false?
A) Fadms of an atom 15 much larger than the radms of s mucleus.

B) Mass of a proton 15 much larger than an electron.
C) Mass of a neutron 15 nmich larger than an electron.

dulgall dlalualgil
Hanhba international Olympiad Frogram
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D) There are same amount of proton and electron and neutron i the |D atom.
E) Mass number of an atom 15 always larger than its atonue mumber.

Tatkls A o jladl oi 7

Mg R et e T ) i (A
PN [ e ] g 8 A5 (B

D8 FEN [ RS ] (5 gl A5S (C

D B A G R g RN DR e g e 2 22 (D

A e e s Laga s 30 ALSH 2 (E

§. Consider the followmg (A—E) atoms and ther data:

Number of Number of
protons HEUIrOns
A 7 7
B 7 3
C 8 3
D 8 9
E 17 18

Which of the following statement 1s comrect the above elements?

A) The A and B and C and D are 1sotopes of the same element.

B) The B and C are 1sotopes of the same element.

C) The mass number of B and C 15 equal

D) The E atom contains 35 elementary particles.
E) The A atom contamns 21 elementary particles.

e el i gl 3 (A ol 0 el Sal 8

L |
A 7 7
B 7 5
C 8 5
D 8 9
E 17 18

Tolel pucliall lasanun A0 ol faalh 4 g
el il JED 3 C 3B s A=A (A
pndl g GEIC 3B S AN(B

i C 3 B (S A g JU A 2 (C
agbal e 35 5 E 5 A 2923 (D
i paaa 2] 5 A5 g g3 (E
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9. It hasn’t got unpared electron m ground state:
5 il Aladl 2 gl P S g A8 e s a0

A) 165 B) 2¢6Fe C) 30Zn D) 1451 E) 28Mi

10. Which line contams the symbol of elements that has got 2 unpamred electrons in ground state?
T Al Al A gl Rl e ol g RSN e 0 W AT il g g g e 110

AVCa. C, 0.8 D) Ca, Mg, 51, Ba
ByNL 505 C E) All elements with even atomme mumbers
CiMg C. 0, Zn g3 e Ll Al el pnea

11. Atomuc mumber of an element 15 5. Without using the peniedic table determune whach 15 the
night notation of its valence electron structure!
TR iy AR el ol 1 ga A ) G G o) g gl paadl plaii g 5 peaied g A 2adl 1]

4) ] Dy
) E)
Cl I

12. Which of the following statements 15 valid for both calemm and sulfir?
A) Ground state atom of them contains 2 valence electrons.
B) Ground state atom of them contains 2 unpaired electrons.
C) Ground state atom of them contains electrons on 3 electrons shells.
D) Both of them MNobel gas structure 1ons contam same mamber of electrons as the argon.
E) Both of therr Nobel gas structure ions are greater size as the argon atom.
Tt e g 2 ) (o 2 L S ] a6l .12
S Sl Y (a2 5 5 pa Lagd 8 el Al 33 (A
Aoy e g Sy NI (] R gt g B ] Al 3 4 (B
o M“;}S;“;Lw u-"*-‘-'..!.:-"-""._r""-.s.F-'-H-' B el Al 3 3 (C
Ll gl T A il e Jea 38 o B g AN 2 (D
o ..:-1-=.-'- 81 g ] Jala 3 s B g RSN et 00 (E

13. Valence electron structure of the ground state atom of an element: 55' 4d°.
The followmg statements refer to thes atom (see above):
al Its ground state atom contams 6 valence electrons.
b Its ground state atom contains 6§ impamed electrons.
¢) This element is located in the 4th peniod of the periodic table.
d) This element is located in the 6th mam groups of the penodic table.
Which of the statements are correct?
A) The a) and b/ ones only.
B) The a) one only.
) The at and &) and d ones.
D) The at and ) ones.
E) The al and ¢/ and d) ones.
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55 4d° : 6 jnall Akl B pocind S iy SO g FEND i 51 13
(ke ylaal) 5 301 S 2 ga3 Al G fandl
A Sl R e R el Alladl 243 gm0 [
Fagl e g oy A G A 3 el el 2435 g gad (B
b ) dgead e ] 15 gl (A il 138 ae (i
o5 3340 el G et el B8 ganall (2 el b i (d
T il il i I-__.;l

A& () sla) (A
A= (a) (B
A (d) 3 (b) 5 (a) (C
A (d) 5 (a) (D
A (d) 3(c) 4 (a) (E

4. Which of the following elements has got the greatest first ionization energy? ‘
T (5 A p L AT pecliadl s el 14

A)Na BIK C)Mg D) Ca E) Sr
15. Which value is the greatest?

A) First iomzation energy of petassnm.
B) Furst iomzation energy of calcium
C) Furst iomization energy of scandium.
D) Second 1onization energy of potassnm
E) Second ionization energy of calcmm
T RN G il ol 15
Al g1 ol 8 (4
Al A (ol B (B
agadlall A I_.=i_.| AL (C
g8l Al oot 38 (F

16. Which chemmical particle has got the greatest radms from the following ones?
TR il ) g Al sl 4 21 16

A) Mg B)Na C) Ne D) F E) 0"

17. Consider of the following elements: Na, Mg, Ca, F, CL K!
Which of the following statements is correct?
A) Atomuc radms of sodnmm 1s greater than chlorme.
B) Atomic radms of fluorme is smaller than potassium
C) Magnesmm has got the smallest atomuc radms and chlorme has got the greatest one.
D) Calcium has got the greatest atomuc radms and fluorme has got the smallest one.
E) Fluorine has got the smallest atonuc radms and chlorme has got the greatest one.
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'Na, Mg, Ca. F, CL K A8 jcliadl jseyl ¥ = 17
P i._.:i.-..'.»..;.ug..u,.;,...h_._-,i
St ..l-.n-'-"a.i-.'-u-ﬂu A Rl i (4
Pyl g el il g A p S (B
AL P 3 R e ! 4 gl (C
o) A pglilly g R i p ) A el (D)
S A R R R e el &l gl (E
Choose the approprait letter for each of the following et L i i |
A) Magnesium
B) Oxygen
C) Both of them Laa3is
Iy Meither of them bagda 343
18. Its ground state atom contams 2 unpamred electrons.

19.

Al Bl Sy PN (e D 5 5 el e (B 35 5 53 18

Its ground state atom contamns 2 valence electrons.

A g ) e D B el e B 45 5 555 19

For forming a natural ion it takes up 2 electrons.
g ) A ey s gl [ 5 2D

. For forming a natural ion it loses 2 electrons.

g Y SR a3 2]

. There is two closed electron shell in its ground state atom.

B el Ll B A5 30 A e glas (19 RS BN S 22

There 15 two closed electron shell m its natural 1on.
il 8 gl (B (e g (35 ) (AN g 23

Its atonuc radms 15 greater than calcnm

_ﬁE_u|;HJg.i§Ju1pﬁ_i.na_gq

. Its atomic radms is greater than beryllmm

A ) a el g 0 o B i 25

Its 1on radms 15 greater than its atonue radms.

i o R i e el g 3 o s 26

&
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MOLECULES, COMPLEX IONS
Baaall i gt g il el

1. Whch of the followng molecules 1s not lnear?
N T il |

A)C5, B) CO, C) C.H: D) HCN E) 50,

']

Which of the following molecules has got the greatest bond angle?
Tk Ay} el Lt A i jaul o el

(5]

A)CS, B) S0, C) SF, D) 50, E)H,S

3. Which of the followng molecules has got the smallest bond angle?
Tl g ) sl L Al il ol Qo 61 3

A)C5; B) 50: C) 5F4 D) 505 E) Hu5

4. Whch of the followmng molecules and 1ons has got the smallest bond angle?
Pkl ; gl el b Al i i g i ol e 514

A)PH; B) NH: C)PHy D) NHy E)NO;~

L]

Which of the following molecules is a dipole molecule?
Tkl A g g Jo A Sl ol a0l L5

A) 505 B)BH; C) PCls D) IF; E) 5i1ChL

6. Which of the following molecules has got the greatest (absolute value of) binding energy?
Sl 0 ALY (Al Aad) ST Lgd AT il ol G o1 L6

A) Oy B) N, C) 5 D) Ch BE)

7. Whch of the following molecules has got the smallest (absolute value of) bmding energy?
Sl 0 AU (Al da) gl Ll Aol Ll el T

AVD. B) N: ) Bg D) Cl: BE) I

8. Which of the following molecules has got the greatest (absolhute value of) C—C binding
energy?”
O s 0 RS (Al a8 L Aol s o) g 618

A) C:Hs B) C2Hs C) CeHs D) C:H: E) all equal
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Which of the following lines contain molecules in order of mereasmg C—C bond length (from
left to nght)?
Tl ) ol () € il 01 e s ) o 5 By Sl 8 g g B ) (e 51,0

A) CiHg, GH,, CeHg, CoH,
B) CaHs, CsHs, C:Hs, C:H:
C) CaH:, CsHe, C:Hs, C:Hs
D) C:Hz, C:Hs, CeHs, CoHs
E) CH,, GH,, CoHs, CeHg

Which of the following lines contain all V shape molecules? ]
TV o Joi i A o) i 5 e gl A e s o1 100

A) H,0, S0,. CO,. H,S
B) H,0, H,S. CS,, S0,

C) H,0.HS. S0,. Xe0,
D) H.5. CO,. 50, Xe0,
E) CO,. S0, 5i0, Xe0,

Some of the following molecules don’t have wbonds. Which of the following lmes contains
only those molecules?
Tk ol 0 e g g AT ghandl pa gl daul g g ¥ A i Jadl i 11

A) NH;. BCL. 0, D) 502, BeCL,. H,50,, HNO,
B) NH.", NH;, NH: E) NH,. HNO,, NO;
C) H,50, HSO;, S0%-

Consider the followmg molecules:
50;, 50,, AsH;, BF;, PE;, AlCL
The following statements refer to these molecules:

— Two of them contamm = bonds.

— Two of them contain 6 nonvalent electron pairs.

— Two of them are not planar.

— Only one them hasn’t got any nonvalent electron pairs.
How many statements are correct”

A) Mone of them D) Three of them
B) One only. E) All of them.
) Two of them.

&
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