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(Quantum theory and electronic structure of atoms and molecules)
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JYHPUIY = LHRT (S unit

3N Fu%

wwEmTuaudRimddaiuRa 157910 (Hertz) Hz

1 Hz = 1 3ay/um
Win 1 Hz = 1/ Tewdemdasauialdld
fetd adwnAnuianduidaenadwiy 174 om wagAa
i 87.4 Hz
i o= AY
b =174 cmx 874 Hz
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1.3 msniTadusimanldih (Electromagnetic radiation)
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d & a o or ' A ¥ a a )
FInAuNuAWUIaaI0Y 19 AU ARWEYS nagARuLas ludu

1873 James Maxwall u@ndliiulmdionguijis uaddusadunia
nsauRuld visible light) Usznaudiu Aduusiman il electromagnetic

wave)
=3 ﬁ.l 1 & 1 1
nuARumanlihuas Maxwell i8I

»aauusmign lWihidsznause 2 diu Aa dufilluamaldih
(electric field) nazdniluawinuainan (magnetic field) TopiAfun
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1 & a 8 1 = oo A o
adlsfanuafuiiasidmasiiumdussuv (plane) 6N Tidiin

URIW (mutually perpendicular planes) ﬁxlzﬂ

E‘IJ electric field W88 magnetic field MAINS:
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ARWINY (radio wave ) BAamARUADIIIIET TUANUNATHINAIHEIN A

AN INGH]

l=: 3 L' .. R o dl. s Qs (=S 4
ngannanrula {visible light) lnanmilRuusgiuudinuuaiainonsauiu

agmauvIaluluang

] ]
=

FAFUNNM (gamma ray) 1TluABUITRIEIARUAUREANATIATLD FINAR
Fadunuuniinamnslasunilastuiiiafusvainznay

[
=1 L [ 2/

* iazswuniiAanydvaipaugiliy NEnutaaninasinsswnninme

paiu UV Sediand uaz Sedunuan daduwinfdiiivaenug
1.4 wq%ﬁmﬂuﬁmﬂm Planck' (Planck's Quantum Theory)

faldagiianraanaaanimauasinsvaziiualaaE 1a1nng

AT IRUDY Planck

dningwiavamdlafuaruian duszudfiFoaninlaslinuenaiulu
i | wunsiuasalihiamnadhia e vamimaanuisamudiad

WRIInHIAnIAIzL

Energy tarbitrary unilst

1
0 1000 2000 3000
Wavelength, nm

400 700
ivisible light)
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frannudlilssaunadnia Tull 1900 Max Planck asutwlsngnsnidl Tae
fananiesnannt aluagasnlaasudinm wiafunfanu il Auneds
uaglaistatitaainiu discrete energy) Planck TiGindnoumdnuiitaufige
gunsnildaannatnazaaui aluana wiafudlfingdvas duimanldih

17 "AAUANYQuantum)

WEHU 1 Araustazwl silnunTaTURIN D5 IR

E a v

E = hV 2

o ' =y A
Taet h uAiRIwas Planck (Planck's constant) TAXAT

B.83 x 10-34 Js

fatumumg fnrauiinuss Planck nismazgnnldaansuiudmonim

Y99 hV i hv 2hv 3hv iflwsin isenananlinmasenmdudSanwd
"quantized”
o ) 1o ) a P S | & e
2397 uf Planck tagiludinlarriluwdundinninaiiias undials
auuRguinadui s et gt Evadagilasu

Ausanlailuaen

wwaRa Fmdarmnalanailaweg quantized araszulaniunauru

woilwa s U RTUS I mua a1 quantized 1

- Usggliihaziudmaunanlszgidnara

- Suaifinaseu Tdiaeu danvauluaznanag quantized
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nidu iR 18
1.5 Uningminl photoelectric effect

1wl 1005 5 Twdant Planck mianguatauwi Albert Finstein
nnufraudiuvas Planck tiaafuutsngnish photoelectric effect Sutilu
Usingmissitiainnraungrasneiatredansiialdunduunadifiaond
winnimeduil neBidnnroueslingrannfiedansdildfundiomuadis
Avdsniianadi ueaesiinmadunnntainng anuiil Sendh e
A8mSanlfun (threshold frequency) mmmﬂm;ﬁﬂﬁemmﬂmngm‘mﬂ

photoelectric effect !,Lﬁﬂ\‘lﬁ&gﬂ

] ]
= =i

misnaganliznaufmiaangsy AT UNIRaRLUmAET MEsan doud)
suasfuutulansfiofunanilinafiliansiagounislusuainysualbity
WA

nrsuslibhagtuatuneniiofuasifaulgiahineitagulfe
wnsgnuiilang Inusydunanslvavesnszualihldnnimvsendivai
mnlusun sumaetililusenfenunrinmnemslvavadiiiansau Tauly
Nyl Bidnmsauazwqaannii Tavsiidnunniuasiadrddnn e

naasuazinizus i luals

dimgmial photoelectric effect ldasnsaafunulilnumouius

F55087 Einstein aaummlymgauailosinrein  aaeneinayl
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wyinssiluafuuds asfiersanindu "nssugayma’ /1w (stream of

particles ) Tamaymavasuasion ‘Tdnau’ photon) Tinauuassmludinu
E = hV

Tau® h Aeatadd Planck u8g V. AaAubesuamimnnsgnuuniilans

Sroimurisilmadinanssmuiilavsasiadianainnni
aiRaS i (hreshold frequency) asauniuiuliliTeaeddli
Sifnnsaungaaindolausld AaaufieBidnaraugnislulsvelnus dige
(attractive force) fumsiatiafnasaungaanTavsassodiudunui
SiEnnsaulinnwetintaiuludassls avliudinuuaiuilawsulFoy
1@ iiaun1sBI81aUnA (beam of particles) Tiiiiuailave Filimautilatn
TansTanafividim sy a1 (binding energy)
rswsiifinnsauivlansud: uﬁq%ﬁwﬁmmumﬂwaﬁwﬁﬂﬁﬁaﬁﬂmaum;maaﬂ

it laugli

Fuadnansgnuuuilausiinutginieudidaimdfen SdnaTau

wanainazngaaanudfaelndinuent (dnetic energy) 1IniuA
hy = KE+ BE (3}

KE = wﬁaﬂmﬂﬂma@ﬁﬂmﬂuﬁwamaaﬂmﬁmﬁmaﬂﬂm

BE= uFsuimuirsguiinanasansulansy
Snsun1sh 3 Tun

KE = hV -BE
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t:{ ol 1 d.nll =t = 1 A !
KE Tuaun1sh 3 JJFII’].E.mVZ IRz BE HUALTENANAH1IWLIN

e o a

. o ¢ oy oA ] o g Ve &
workfunction fragduiudfiuimndanasldlunmilifidnasauugaaanain

= i . ! Y . o me & e cal o
iilaus (@) Einstein tauanaliie workfunction agfniugiur1uRnGy
i (v,) oy

(1)=hvO

faiiu gums 3 duulnanily

1 .
hv = mv2 + Av,

2

Taen1Tnaaasal photoelectric effect AnUAATlARIUAIILENNEIUIN

Tuaffuihuilasnnegianiiliimsdangaznnliaanduagaal nquijua
Einstein BeiialififAnumamniin Tl 1918 ininenmaniyniawii fa
Robert Millikan Mmsvaaafianalugnina nuimianusaigigauny
o ol o st o w o ® o
afnassunwanannu o1aialalrelilidnalhiununizuguasianayaun
wpaaananiilavsiaiuldiuuae dnallihfindniia vge dniuasnivag

Einstein a1aiduulunln
vpe = &v - v,
A12HN PIAUITUHFITUUDY

. Telmauviaup A8y 5.00 x 104 nm @1 IR)

1. TelmeuRiliannueniAfe  5.00 x 102 nm (AN x- ray)

NIAUV E= Ay URS v = c/ A

18



(6.63x 10734 7 5) (3.00x 10% m/s)
1x107 m)
1 nm

(5.00 x10% nm) (

E = 3.08 x 10-21
a0, AT REIT 1 Hudn
F = 388x10-19)
Juanstiiini Tlaautuding xeray Sinfauganiiluti ) e 108 v

ralinadiar wins@iduadicumdginanuiinsunfon uatinm

inwausdlaniniu duadianudrgesiidwoullrasunnhsuadiiiam

'
o

vinehn fisiudmmdidaniauiivgraannifiailanzgnatuiodwadifinn

IR RS PTG td
118197 3UINNINARDIUT BN photoelectric effect 11

ua il AN axitiidimnadnasauivanaaniiunn uas

WA Amags aeill wiimeatuasiiinn autugsannnge

il nquued Einstein Nafazaiuadsingnisal photoelectric
effect 1atnai un msfiarvani uaainaymamstatuanuianaa
Tafindiuuadifisnuuuazaaasuiwiusailuaiu Haraae iminm
mamifasuaniui uailiguantfivaasaig Rafidny uzmiiauaiu

(wavelike) IR IWAAUBUNA (particlelike) TuuTUZHNIT
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e IR Lo o = 1
ausuifivesaalaniiliandi siiioniauiagaiumsiall
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7. Pauli Exclusion Principle
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Figure 3 Atomic radii in picometers (1 pm = 1072 m) for the main group elements.
The data in this figure, and in other figures and tabies in this chapter, are taken from
KC? Discoverer, a computer database of information on the elements. The program is
available from Project SERAPHIM through Journal of Chemical Education: Software.
SERAPHIM's source for atomic radii was N.N. Greenwooed and A. Earnshaw, Chemis-
iry of the Elements, Pergamon Press, Oxford, 1984, (You are cautioned that there are
numerous tabulations of atomic and covalent radii, and they can vary considerably since
there is no agreement on precisely how they are to be calculated. For example, tabula-

tions of the atomic radius of N vary from 54.9 pm to 92 pm, and those for Q vary from
60.4 to 73 pm.}

TA 8A
H He
(w] Q
37 21
1A ZA 3A 4A 5A 6A
: Ne
@& ® O ® 0o O O
112 85 77 70 73 72 71
143 118 110 103 100 93
107 135 122 120 119 114 112
248 215 167 § 40 142 133 131
@@@@@@
146 150 168 (140) (141
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Table 1 Some Approximate Single and Multiple Bond Lengths*

Single Bond Lengths

Group
1A 4A SA 6A TA 4A SA GA TA TA TA
H C N @) F Si P S Cl Br I
1 74 110 98 94 92 145 138 132 127 142 161
C 154 147 143 141 194 187 181 176 191 210
N 140 136 134 187 180 174 169 184 203
0 132 I30 183 176 170 165 180 199
¥ 128 181 174 168 163 178 197
Si 234 227 221 216 231 250
p 220 214 209 224 243
S 208 203 218 237
¢l 200 213 232
Br 228 247
! 266
Multiple Bond Lengths

=C 134 C=C 121

=N 127 C=N 115

C= 122 C=0 113

=0 115 N=0 108

*|n picometers (pm); 1 pm = 10-12 m,
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= — v 37 -1
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r E
Taaa Tl 19gaidail
AH, ... = 2. mD (bondsbroken)— " nD (bonds made)
D = LIS RERMIRET i
r Fa
m,n = fnuTuaussiuszhgnamenaz gnad s Tumudiay
o o = o 9o vo o
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AHieuutian = I:‘DC* C + 4DC -H + 3DO:O] > [4DC:O + 4DO - H]

1323 k) = [D,_.+4(414 kI) + 3(498 kI)] - [4(603 kI} + 4(464 kI)]
-1323kT = D, . +(-1918k])
D, . = 59 kI/mol

N s)d? 9 = ot 1 aia: 3 &
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Table 4 Some Average Single and Multiple Bond Energies*
' Single Bonds
H C N O F Si P S Cl Br H
H 436 414 389 464 569 293 318 339 431 3168 297
C 347 293 351 439 289 264 259 330 276 238
N 159 201 272 209 201 2437
O 138 184 368 351 205 201
F 159 540 490 285 253 1977
Si 176 213 226 360 289
% 213 230 331 272 213
S 213 251 213
1 243 218 209
3r 192 180
i 51
Multiple Bonds

N=N 418 Cc=C 611

N=N 946 ‘C=C 837

C= 615 C=0 (in 0=C=0) 803

C=N 891 C==0 (as in H,C=0) 745

O=0 (in 0;) 498 C=0 1075

*in kJ/mol.



AH = Z mD (bonds broken) - Z nD (bonds made)

reaction

A = [Dy g+ Dol -[2Dy_al
AR .. = [436kJ=+243 kI]-[2(431kT)]
AH... = —183k!

JAH, = -915kJ

¥ ° 2 T ] & Enay I S as
a1 AH fldgailumavminoanuinljitenisfa Ha duilfiTer exothermic.

TuBAManilaf1 enthalpy of reaction { AH i) sransomilaonndy  AH: vosesudas
Py

o Fd
alnlfiser Taoe AH; 1800 appendix unzerdonnmduiuide’lsd

AH. = I n AH(Products) - ¥ m AH; (Reactan ts)

reaction

as

o »
mawnt A 1da9i3

I3

& aan a =
tlfﬂuﬂgﬂ‘mwmmsmﬂ HCl U

A H:eaction = [2 AH:‘ (HCI)] - [ AH; (HZ) + AH: (Cll)]
= [2(923kN]-0-0
AH = —1846 kJ

reaction

v
#0819 MIMARZIUM enthalpy of formation 184 acetylene 9101 §A361A151AR acetylene A4

zc(graphilc,s) + H- H(g) - H-C=C- H(g)
Coormphiess > Ce iy B 8 g §717 0/ mol
AH;‘““O“ - [ 2AH;ap0rlzaﬂon (C) ) DH#H ] I [QDC—H + DCEC ]
= [2(717KJ) + 436 kI] - [2 (414kJ) + 837 kT
= +205 kI/mol
AH, = +205 kJ/mol

¢ AH (CHL) #1859 nmsnaaes = 2267 kl/mol)

74



ANWUIVDIAUES
=) s o = b = A @
praianusy Incmua luTwanamlsensudisozapuriadg iy (homonuclear
4 b1 ar = c%" Yo r a Vo r 9
molecule) FIM5ad1uRUTLAaTU Inon s 1BanATOUT WA NYOLEABNEAINE 1 sznanen]d
] o Q) 5 1w = v o as o |d3
Momaazwua@nasaulunnanuoveaiusziuwmdunvassn Tl usus: Taveuduy lifia
. . ¥
(nonpolar covalent bond) Tutnantwuszdna1iund Tu@nauuulufid? monpolar molecule)
uadmiu TuanalsznoudoozABNANTUARY  (heteronuclear  molecule) WU ToNTETIDZ WS
ad & o i = A y S W o
Fdannsoulnd imozaounilaliuinndnszaounily  Wodnnezasua AR uda NSO
= 1 [ a g = VS
Tunrsfedianasaua Ny anuausolunsfBanaioureinzaounomoran lasunasa
L d ot Ao qu A% ad 9 ' = wa '
(electronegativity)  Usingmisalimuilinldezaeuiiasdanasou ldmnnnedaunianme lWihasy
v & . o Aa W ’ o o o
adluaninnnedn FuszeuuiGonnius: Iar@Euauuuba  (polar covalent bond) lawmiild

¥ 1 3
dudnval 5 uaz & IiWuilszaueadn (polar charge) fufezaeniiiiiuss laviausduuuiii

LU
5T 5° 267 s+ 36 &t
H—F 0 H— N—H
/ \ i
H H H
st 5* st
e - Aand ]
F.O uaz N badiéanlasumaianinni H
1o 1 4 o a [ 5
5 Tatmuallizwig ods 1o & = 0 wuwdutuius: Tanaudun lidan

Y J Y ] o o o = 3 = u’.: Y = .; ] o
DIINNI 0 RloandT 1 Aususz larauanuuidy  anuildmeaiusaiulumuivey &

v ¥ * b 1
Wty e § = 1 Wwuszaglinniigaaudadiiluduss loseiin M1 & measuidangas

A
5 = =%
pales
A& I vy o s Qs P 24 v
dlo 7 Wumdidalasumdifuotezaoudumadilumsai 5 A ¢ Aeanuuandis

¥
= =, a 1T ag S
madmm%nImﬂummammazﬂaumﬁm Hae Z x ﬁE)Na‘U'Jﬂ1]6\3ﬂ1ﬂlaﬂ1ﬂﬁluﬂ1ﬂ?aﬂl'ﬂﬂ@$ﬂau

3
VHEHD

O IIRRY CsF
= oo Y| .
gEn TasiumAaIAIea  Cs = 0.8

= ool s
danlasunaiaues F 4.0

75



=F

[ncreasing electronegativity

I A 8A
H ] :.r?.
z1] 2A 3A 4A SA 6A TA | T
Li | Be Bl ciN]J] O} F| =
. 10 ts 20 25) 30 35| 40 ?
Z Na{ Mg At si P s a ‘ﬁ‘%
w 09 ] 12 15 18 204 258 3o ¥
: _ 3B 4B 5B 6B 7B [—8B—— 1B 2B z _
£ K] Ci] Seg T V] cCol Mnl Fe] Co] N | Col Zn] Ga] Ge] As ] Se ]| Br} “1¥
2 o8y 1ol 138 15 16V tef 15 18y 1o] o] 1of 16 16 18] 20} 24 28} ¥
H Rbf sc{ v | zc] Mo dof Tc|] Ru] Rn] Paf Ag] cd] Inf snf sb] Tef 17 =
g 83 10y t2) esf 16] e8| tof 22} 220 228 198 w74 a2 f 1) 1] 21 ] 2s5]
2 Cst Baltal Hr] Tl W{ Ref Osf Ir { | Au Hgf 1] Po{ Bi | Po| At | BF
074 o9 fiord 13 15y 7 ool 22) 22 22 24% 1o} 18 ) 19 19] 20§ 22} ¢
Fr Ra
07§ 09
AR 5 The electronegativities of commaon elements.



40-08

= —— = 0067
40+08
A4t
gr A - oy
wusz s F AR UTLU UG
{ @ r e d A VoW 1 = P
Tunidiozaendinafaiuszilimodnlasumadanidy wu © uaz s Bmddnias wma
=1 [ t 5 1 I~ or [ 3
33 v s wldn s = 0 Fwaeeh  C —F Wwtuszann Tt

YA '

¥
Tumsnaaoddins Jadamanmiaveaiuszve Tuanaldizondn alaTwalummd (dipole moment
L) dunsmensuiy g meaninligas

u = (de)xl

/

A | 2w = a o 41 -19 Ed A
die & ihulszgvosdiusy | e dudizueiaimnaoulinn 16 x 10 gaoui (C) 1ip 4.8 x
[ o

-la 1 o ol ] a
10" esn dau 1 dAlua e ius: HUIBYBd g A9 ML (debye) 1F¥FYaNHE D

£1]

-30
| @wouIy W38 1D 333x 10 Cm

-18

=
Hia 1D [0 esu

alaTwalawudvosasdiznenlanaas 3 lumize D Tuaiseh 6

A29E14 Twanauod HCI Gmswadl g = 103D naA1wWeiuEe H— < oy

o
=

. -1 o & o o
127% 10 m eunsadnounilszgvesta (8) dmsu Hel 1ads

Ho= (5e)><l
5 p—
e xl
—30
].03D[3,33><10 @J
1D
r

(16 x 107 C) (127 x 107" m)

4 = 017
i TuananlsznoudioezaouauezaoNyia NI (74 CO, , BF, uag PE,) i1 u
Ed 3 L
voaTuanatuiiramivowsaiusstazgdnsusnadiavea liagatiy Tas g vealuanam
n 1 s A o = L) u’j = ar
Z9nmHasavued o vedudaziuer tesnn  x JulSnunamesinivinauaziame A
S Y v A a , R, = MY e
viulutaTananfiudasiusgiiv ndonswiuudléi g vosluanadugudld  dugy

Tuanaves CO,

linear molecule

77



Y 3 4 ] o at
M99 6 mtalwalunud dwihodly D) dwiuluanaluamuzuie

Tyana TaTwaluswud Tuana o Twa Tumwud
NH, 1.47 H,Te 0.2
PH, 0.55 N,0 0.14
AsH, 022 NO, 0.3
SbH, 0.12 0, 052
CIF 0.88 HF 1.98
CIBr 0.57 HCl 1.03
BrF 1.29 HBr 0.79
H,0 1.86 HI 0.38
H,S 11 NO 0.16
H,Se 0.4 co 0.13

78




4'1 v Y =] 1o 158 = [ at r_{i a 3/ ==l
Woaannluunariuse C=0 JWNammiuUUPNIANIATIANIIY eI IWAUuEa) CO, »u

P - < I
g = 0 SEuudngUniuTnndaved Co, WuUUY bent A31

!

resultant dipole moment ( M # 0)

& \ ORI ) - ' o =

FagUsved ben wnviinhideswiunannzll ¢ = 0 wilumwanuilusiwnnisnea
ot ' 89 % 2 s d o o

adiafl g 183 €O, WU = 0 Wwudh co, Uginsssvindiadlu linear iy

= a w ' & & - ) o A
FANTUIDNAIDENHUI D BF3 “N‘ugﬂ‘i’l‘idlﬂﬂﬂmﬂulm trigonal ]'1121.[’131’ AdU

2

diosninTuanaiiauninas (symmetry) Twdaziuss B - F I g ninafihiuudfismanssdudiy

1 k4
= ar

Suindeiu wmliTuens BE, # 4 = 0 weniluluanahiluiids
o . = P A = B =
FmiuTuana NH, ez NF, Auaaaiilugihn 4 10019 nil lone pair electrons 493 N 34
a9 P = 1 a ' =5 Q1 3 a1 A d ] r Qs
Wl Tanadzlaednan wuldd Tuluanaves NE, Wi N Imdan lasmmaiagani B &
YU N TIR8IERATOUIN H Nndee danalikasmues g TAm00 (1.46 D) uaguinnil NE,
& o e ool g v F pre = = o
dleaan N il Tnsumdiadiedh F aady ddnaseuves N 33gnda i F Mamwezaou
iievndniundafedanaliuasmues 1 ldnipan ©24D)

5
ar

Tuanairu cH,Cl, Faiiginsasvnsiandy etrahedral Aail

net dipole
~ Cl

]
%

79



o8

Resultant dipole
moment = 1.46 D

Figure 4  Bond moments .
and resultant dipole moments

in NH; and NF;. H F

R L
2 BT/

¢ Resuliant dipole
moment =024 D



< , ! = 3 ‘ 2
dinldh lnanafifhuuuddn  Teelanudluay lbnedwussnhezasunasiuiiaes

< Y 2
azaey wazanwiuuinldnedulsTasnunsaeezaoy

f10814 Tileugas Ingaai19828a904 vinyl chloride (C,H,Cl IWuondwiniuszdu

= z P=) L]
it se la

(3

UADUUTA 1UBU skeletal structure

H Cl

H H

£ 5 3
TURDUADT WIS TUIUNEUTDANATDUTINUA

(2x4)+(3x1)+7 =18 e

M = a =] 12 Y
VUADUTY GOV URUBTIAT LG lannaseuldaivnla

, o ad ) Y ad i &
wun C El\i‘lﬂﬂ@mﬂﬂiﬂul,WSWZUluﬂiﬂllﬂﬂ Elﬁl,'ﬁn'ﬂlﬁﬂﬂSﬂuLﬁﬂ?ﬁ]ﬂﬂﬂ@ﬁﬂqaﬂﬂﬂﬂi\l’]ﬁ%HQ

o ar ' T e d
uiiuszg szwuhdcnasounTulanneznoy

L
L]
k) prat
C = C\
e H
A A [ w s Ao
GI9H91TUNT AUABIEN IATIUNIAIAUDIBZ A
; & w v o
a1 c=c luiumzi Lt
& o ol
c—cl WUAUEZ DA
& @ a4l o
C—H Wluwuszuuvidyantias

o

s i P 9 e s = a o .
AIDE19 mmmmmmmmmaqﬂgﬂﬁm {AH ) "Uﬂdﬂg]ﬂ‘iﬂ'lﬂ]ilﬂﬂwamila‘imﬂ vinyl

reaction

W 3 o . .
chloride ¥Un 1.0 x 10 kg Talu pelyvinyl chioride

81



W o hoow
pelymerization |

N - rl | _}
| l

n C -_— C
/TN L
H H i H 0
vinyl choride polyvinyl chloride
(C 5 H3 Ch

= 2 R . = ] ' . . = o
Wuld 91 polyviny! chloride inumn1s¥onan Iu@AAYDA vinyl chioride Faudau
|

T

= Tl ~C—C— ufe N0 9 Wuszguealuana vinyl chloride dzgname’lyldius:
@e1 c—C 1w 2 wuse Jasiiuszduldud c—H uaz c—a Lildgnamely

AR .. Z mD (bonds broken) — Z nD (bonds made)
A H:Eactmn = [DC:C ] - [2 DC—C ]
AH, ... = (620kI) -2(347kI) = -74 kJ/mol

i ¥ v
wisIMueaunansIlfisedanariihnl §isnmeauiou anufounsuuadeld vingl chloride

3 =
1.0 x 10 kg UM

1 mol C2H3Clj[ ~74 kJ ]

= (1000x10'g C,H.Cl) [
6249 g C,H,Cl/ \1mol C,I,Cl

= —12x10° KkJ

Y = g 1 P W o a o
nnausaulsHINwIni ﬁﬁﬂa‘h’i’Jﬂ’Jﬂﬁl.ﬂllﬂflfm”lﬂ'ﬁBﬂﬂ!m‘ul‘ﬁﬂ“ﬂgﬂ‘iﬂl {reactors)

dmiunsimedwes polyvinyl chloride Tnedvanonuinilfiimsidannufouiifinnnlgasngs

oW
NaIRe

82



gﬂmmmﬂ@ﬂmmiumqa {Molecular geometry)

o] o) ' =y A = =L
jUnsusnadinvay luenaduzliwauifvedTwanafimannmsEoiezaousavazaoy
nae yUnsusvindaves luanafudludnilefondavenmianniuszialndnadoauiianig
. ¥ 21 T 1 = =4 o ¥
nsnmtarmanlia 1dun yavaeume gaRea aArwmuniy wazanuiellulFasouaiihudy
3 at ¥ oA o g W Y Ao o
wiihwinasieu InssedwitdadimivTvanaansouaaailng wesezaouiFuadiuusziuiy
= ar 3/ 1 [~ o = = aa
@oaduld  wdluanudheTeluanalydnsssnadaiiumuid  vazynezaoululuanaomw
Tdeglusnnu@erdn wmuhlvenaedasyladgnsasnndamwzuuuuandieiulUuediy
=g
Tassadedibnasouved luana
=) o a o o
luTpssaduddalduaasiimudiaaasouluiuand  (valance shell electron) U04

$ o ' r 3 a =1 ar
DLADY Foh i minuiuaazesasy Tasmwizozaounanaluli g dldnasoued e

= i ¥

. . o =] g 1Y W . . i a
(bonding pair) UALSIIUNDEANTEUN LA 13U (non - bonding pair) HTPRBeATABENATON

£

§ 2. e ' ' re oo 1
TaaRed (lone pair) Husnounnibeerilald smud Siuaugddnaseuluiweudinades
3 L) v
nswsvindaveslwona eiiiieananinredaiuszniugoanasouieguuoraounay dwa

W1 g ey Y _orr Y oA e Y] o @ A A& o
Tgaanasowmartidaas agrieInadnamivniuly1le  wasilozaountadaiozaay

A

naadagUnsafiuuumawdaild iz nedigatldae ﬁ?aﬂwlﬁaaﬂmeﬁnaum:ﬁﬂﬁmaQaﬁ

wﬁqamﬁ;hfm
mnwﬁnmﬁ‘ﬁﬁmamwﬁammﬁ'ﬂﬁumaafjﬁaﬁnﬂs'r)uﬁﬁagﬂmmmuwﬁmmaxmauﬂm&ﬁy R.J.

Gillespie (8% R.S. Nyholm frm13m??:lum_lﬁimmxﬁa“l%’mﬂﬂzmua:a%mﬂzﬂmmﬂnﬂtﬁmm

1 o =1 o
Tuanald Fend nuuiassmsnangoinaseululaious (Valence Shell Electron Pair Repulsion

@ a0 1

Model) iddnual 8991 VSEPR

&

1 ¥ a o Sy o 8 @ A Y Yo v
ﬂﬂuﬂ‘lﬁﬂi“ﬁﬁaﬂﬂTjﬂIE]\iLL'U'U%WﬂEN VSEPR mJaﬂmdﬁawamammﬂmmmucﬁauLlﬂﬂma

" 3
i dmSunyWUTE (multiple bond) FaldnARUszuaziuszamtiu Iddehilgdidanseu
¥

o

=] 2] =

Aarofusiion 1 nquuilloudugadnasaufiaduiuss@or wihwpiuszezinnumuinivyes

=g 1 s ! T e v = o

dinaseunnnhluiuszRe wvuiuilkeiemnndensmanzuiginsusnndavedluanai
9 o © g
lddanmsvaawuiiasil

PN P Y A oo g ¥ 5 e

2. Twanaiae Tauuuagaliges lnssadedBanmagas  Tilddnmsvewsuiianail

Tagnarsadiva Tassaiiunon vaz ludewaalszqoaiuna

s undnnisuswyUs1aes VSEPR WimsanninTuanaidgasdalildsde luii

83



AB_E,

=
e A duszasunang
= A ' EENC Y by as L4
B iy sznounionyszaoungadanuiu A dieiuse Tanoud
I 0  w o va oo =
E iy dydnyalunugoinaseulaame?
x Wl Sgdidnareuaioiise Sefuauiawdudaud 2, 3, 4, ngu
v dlu $waugddnarenTandn Saufumudowdu 1,2, 3 . aqu
¥ A aad Y w 1 vmt v of e o
Mozmounaavoa luenallgddnasenauiuscud illdawnnseulaman  gasialile:
5 - - A ¢ & oA
anglilu aB, Tavginsasuindavesmagamarilezduivd x lwanaudvesluena Hufe
A = 1 v 3 =1 = o
wutuialwana 81 x wdu 2, 3.4, 5, uaz 6 nauiy Tuanasziinins usnadabusonduu
{parent structure) 14LiA linear , triangular planar |, tetrahedral | trigonal bipyramidal , 8% octahedral
AN (A3 1R T

A oy w o so i ¥ Y A gy a o & '
molitnlalundnnamidanartiedui!l TERnTanmmua 5 @ Feziaolumsue

2

=~ 3 as = 1
ampnsasnndiaidanudadn Tunm 5 @ srllszneunansedassqudnmeunsginsaney
[ 1o o o @ 1 =)
ﬁ’JuQE)iﬁﬂﬂiBu1H’Nl’JLﬂNﬁﬁ]%ﬂﬂﬂ’]gﬂuﬁaﬂﬂﬁﬂﬂuﬂﬁNIﬂHBQ‘lJNN'J‘UEN‘WSQﬂﬁiJ

P A A ra o Y ' 1a 2 oA '
11!ﬂ'ifllﬂ.lENIulﬁqﬁﬂﬁgﬂﬂMQQTQuﬂ"ﬂlﬂnﬂiﬂuﬁ‘i’l\iwuﬁg 2 ﬂf:]‘il i’;\"ﬂmﬂﬂiau 2 ﬂfliﬁ-ﬁ]zﬂg
W o A o

Hndunigadedeisadiegdiuag st Taaliozaounaisegasinarsuuuunduasufeaiu 1y

a

A =) 1 &3 o e @ A o as 1 :19‘ 3
ﬂ@@@mﬂﬂ‘iﬂu 2 ﬂﬂll umunnuawnauﬂamﬂu 180 TaJmqammmnmﬁﬁmﬁmmmﬂanu%ﬂﬂ

gﬂ‘matwmtﬁmuuuumiamw linear g317 fis
) o/ = = 1a g P 1A o) a
dwin uanafiozaounandgoanasouaiaiusy 3 ngu ngufl 2 vzl Teudanisn

@ : ) 1 1ea o @ o 1as ¥ ar r &
dnfu 2 nguusn MliudazgBianaseuinuivezasunanuily 1207 wihdunnd Tuanadsnail

o

P o ' =i @ o o a9 o 1 ; =
vrilozaoumanuaeguuszu@edny laiugns usvniasiaduuuuNGen I tigonal planar @3U%
3 -~ n:: o a s ] 1Al LY Y] 1 A ] at
5 {c) aﬂmaqam:ﬂanﬂaw ADMNATOUTTWHUTY 4 NPY NGUN 4 ﬂ&ﬂﬂﬂ’)@glﬂﬂﬂﬂiﬂ%\i&iﬂ?ﬂ

WD1  trigonal planer YU AwSnEnaveuswAnIEHheB@Enasoudaeiy  axdamalfuday
Bidnasouiuduezasunmadiu 105" Mg Twanadandniia sAiynsarnndiaduuui

Fon1 tetrahedral 93V7 5 (@)
9 ar P = aad S W a 3 1 oA w o o A
ﬁ'lT‘i'iUTlJLﬂQﬂ'ﬂ'ﬂZﬂ'ﬂllﬂf\NlﬁﬂBLaﬂﬁi@uﬂﬁinuﬁx 5 088 WU NANN 5 IAANUIN
s ) @ 8w oA A A A e . = VoA @ a 9
AR UIATINUINUNUN LR 4 ﬂ@lﬂuﬂﬁﬁﬂiﬂi%u’]u trigonal planar BAPUN 5 ﬁ]%ﬂﬁﬂﬂubl‘ﬁﬂ

o ve o

AlanngouvDd 3 Aguusn (@ahy 109.5) nduhlign 120 "aady dmaldndidnasen 3 ngu
naniS iy rigonal planar #UNEN 4 UBENGY S c‘fﬁafjl,wﬁauaﬂﬁ’ﬁzumumanﬁmuﬁmwau

noaily 90 “1mﬂu':saJmmmﬂmmmmummmw trigonal blpyram_ldal @71 5 (&)

=

lunsdilumnafigddnareunadinfusy ¢ agunuinguit 6 sxthliszun wigonal

L]

= e ar ° v v o ay 10 -1
planar e TnsAnEuaveusamdnisiliyusurazdanaseuiuszinuiinaonugdiinasoune

&

84



Table 7

Arrangement of electron pairs about a central atom (A) in a

molecule and geometry of some simple molecules and ions in which the
central atom has no lone pairs

Number of Arrangement Moiecular
electron pairs of electron pairs* geometry* Examples
180°
2 B—A—B BeCl,, HaCl,
N,
Linear Linear
B
120°
3 BF;
B B
Trigonal planar Trigonal planar
B
09.5°
4 ‘& CH,. NH}
"' B B
B
Tetrahedral Tetrahedral
B
5 ‘k ¢ “k PCl,
] o]
5= Nt=
120° “
B
Trigonal bipyramidal Trigonal bipyramidal
6

Octahedral

B
3 B
B B
B

Octahedral

* The colered lines are used only to shaw the overall shapes: they do not represent bonds.
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Table 9 Geometry of simple motecules and ions in which the central stom has one or more tone pairs
Class of Total pumber Number of Mumber of Arrangement of
molecuic ol clectran pairs bending pairs lone puirs clectren pairs® Geometry Exanmples
- L2
Bent S0.. 0
AB:E 3 2 l A 2 Oy
VRN
¢} B
Trigonal planar
, Trigonal pyramidal NH,
AB;E 4 3 L A gonal py
B~/ \B
B
Tetrahedral
AB.E; 4 2 2 A Bent H.0
o TN
. B
B
Tetrahedral
B B
AB.E 5 4 | \ /\ Distoned tetrahedron  IF7, SF,, X¢O.F,
i A (or seesaw)
B B
Trigenal bipyramidat
B &
AB:E; 3 3 2 B A ~ T-shaped CIF,
B o
Trigonal bipvramidal
B A
AB.E, 5 2 3 H Linear XeF,. Iy
B v

Trigonal bipyram:dal

AN

"/
ABE 6 5 | B/ \B

L1

Octahedral
(1]

ABLE, 6 4

b

Ocrahedral

Square pyrarmdal

Square planar

BrF;. XeOF,

XeFL QG

—
.
The calored lines are used to show the overall shape, not bonds,
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Figure 7  Energy chunge in the
course of H—~—H bond lormation from
isolated H atoms.
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Hatom 15 orbjal F atom 2p orbital
(The two other F atom Bonding electrons; one from
2p orbitals cach conrain each atom. Thesc electrons are
a pair of clectrons as dees attracted to both nuclel of the
the F atom 25 orbital). bonded atoms.

Figure - 8 The formation of a cova-
lent bond between an H atom and an F
aiom, Cne pair of electrons (one from
each atom) movces inte the internuclear
region and is altracted to both the H
and the F nuclei. 1t is this mutual at-
traction of 2 (or sometimes 4 or 6) elec-
trons by two nuclei that leads (o bond
formation.
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Figure O Formation of sp hybrid orbitals.

eI e

Figure 10 The finear ge-
omeiry of BeCly can be ex-
plained by assuming Be to be
sp-hybridized. The two sp hy-
brid orblials overlap with the
two 3p orbituls of chlorine to
Jorm two covalent bonds.

Hybridization

Figure 11 Formation of sp° hybrid orbitals.

N

Figure 12 Overlap of the
sp’ hvbrid orbitals of the boron
atom with the 2p arbitals of the
Suerine atoms. The BF; mole-

" cule is planar, and all the FBF
angles are 2(°,
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_Hyhridization- - —
_

Figure 13 Formation of sp”
hybrid orbirals.

spt iy proncunced *s-p three.”

Figure 14 Formanon uf
Sfour bonds berween the varhon
sp? hvbrid orbitals aad the I
drogen s orbitaly in UH,
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Table 10

Important hybrid orbitals and their shapes

Pure atomic

Hybridization

orbitals of of the Number of Shape of
the central central hybrid hybrid
atem atom orbitals orbirals Examples
[ A - S sp - 2 oo — Belh—
5P p sp’ 3 BF;
S PP 2 4 CH,, NH{
Tetrahedral
90°
sspopopd spld 5 PCis
¥20°
Trigonal bipyramidal
i SF
sopop o podod s o ¢

Octahedral
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(b} ()

P4 ————
Wy

——

(d) (e)

Fig. 15 (a) ¥, and ¥, for individual hydrogen atoms (cf.

Fig. 2.8). (b) ¥, = ¥ + ¥4, (c) Probability function for the
bonding orbital, ¥',2. (d} ¥, =¥, — ¥a. (¢) Probability function
for the antibonding orbital, ¥,%. Note that the bonding orbital
increases the electron density between the nuclet (¢) but that the
antibonding orbital decreases the electron density between the
nuclei (e). [Adapted from H. H. Jaffé, in ** Comprehensive Bio-
chemistry,'" M. Florkin and E. H. Stotz, Eds., Elsevier,
Amsterdam, 1961. Reproduced with permission.]
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Subtraction of electron UfblT?ls
, leads to fower election density
" in overlap region |

[ |
@ﬁﬂ‘ S5, I
£ ‘ |
b T > |
i | -
Sigma anlibondiﬂggﬁ.
I3 ¥ (with rede]

Sigma bonding &

. ol
Addition of electron orbllﬂL/
leads to incrcased electron
density in overlap reglon

Figure is Formution of bonding
and antibonding molecular orbitals from
two s atonne orbitals on adjacent at-
oms. Motice the presence of a node in
the antibonding orbital.

Figure 7 e bonding and sunti-
honding raolecutsr orbitals that come
from s 2ind poorbital overlap. The draw-
ings represent only the general shapes

of the orhitals.
104



nergy

.

E

H,
Molecular orbirals

Figure 18  Energy level diagram for
the molecular orbitals from two atomic
ts orbitals. The two electrons of H, are
placed in the lowest energy oy, MO,

Energy

Figure 1%

Atomic Muolccular Atomic
orbitul orbials orbital

Heq molecule

(o, at)?

Energy level diapram for
the hypothetical dihelium melecule,

He-.

—({FY <

H, Hel

Fipure 200 Eneruy fovels of
the boading and antibonding
miolecular orbitals in H50 Ha,
HeT, and Hea Inoall these spe-
cies, the moleendur orbitals wre
fornred My the Dmteraciion uf

o v orhinals.
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Atomic
orbitals

Atomic
orbitals Figure 21 Energy level diagram for
L the comb:na;ion oflwo atoms with ls
2 and 25 alomic orbitals. The electron
Malecular orbitals configuration shown is for Li,.

Atomic

Atomic !
orbizals

orbitals

Moleeular orbitaly

Figure 22 A molecalur orbital en-
ergy tevel dingram for Xz, a homonu-
clear diatomic molecule of second pe-
riod elements.
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Table 11 Propecties of homonuclear diatomic molecules of the second-period elements®

Li,

T3, | D
!
|
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e

. >
T30 T2p,

.

O H e

=) H 0]

=20
g
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—
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P
——
[
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puidt

- B
M
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— —

Bond order
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* For simplicity the o, and o5, orbitals are omitted, These two orbitals hoid a total of four clections. Renwember that the order of my,, | 111, and oy
is reversed for Os amd Fa '
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.EXERCISES FOR CHEMICAL BONDING

Use Lewis dot symbols to show electron transfer between the following atoms to form
cations and anions: (a) Na and F, (b} K and S, (¢) Ba and O, (d)} Al and N.

Write the Lewis dot symbols of the reactants and products in the following reactions.
(First  balance the equations.)

{a) Sr + Se —— SrSe

{b) Ca + H —— CaH,

{¢)Li+ N ——= LiyN

(Al+S ——> ALS,

Write Lewis structures for the following molecules : (a) ICI, (k) PH,, (c) Py(each P is
bonded to three other P atoms), (d) H,5, (e) N, H,, (fy HCIO,, (g) COBr, (C is bonded
to O and Br atoms).

Write Lewis structures for the following lons : (a) Oi’ , (b) C%f, (¢) NOt, (&) NH; .

Show formal charges.

The following Lewis structures are incorrect. Explain what is wrong with each one and

give a correct Lewis structure for the molecule. (Relative positions of atoms are shown

correctly.)
a3 H —'CE :i\'l
by H=C=C =H

¢ O —-Sn -0
)y F_F.

(e) H—6=§:::

ify H .
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6.

10.

11

Cl

Write Lewis structures for BrF,, CIF;, and IF,;. Identify those in which the octet rule is
not obeyed.

Write Lewis structures for hydrazoic acid, HN3, and diazomethane, CHyN». Are there
resonance structures of these molecules? If so, draw their Lewis structures. The skeletal

structures of the molecules are

H N N N C N N
H

Draw three resonance structures for the chlorate jon, ClO; . Show formal charges.
Which of the following molecules has the shortest nitrogen-to-nitrogen bond? N, H,, N,
O, N,. N, O,
Write three resonance structares for (a) the cyanate ion (NCO™) and (b) the isocyanate ion
(CNO7) . In each case, rank the resonance structures in importance.
Consider the carbon - oxygen bonds in formaldehyde (H,CO) and carbon monoxide {CO).
In which molecule is the CO bond shorter? In which molecule is the CO bond stronger?

The molecule below is acrolein , the starting material for certain plastics.

I
O— o

0 —
A —
I

.
H

(a) Which bonds in the molecule are polar and which are nonpolar?

(b Which is the most polar bond in the molecule?

KF is a polar molcule . The polar charge (&) on K and F is 0.826. If the bond
distance of KF is 217.2 pm, calculate the dipole moment of KF.

Arrange the following compounds in order of increasing dipole moment :

cl cl cl
cl @ @Cl cl cl
Cl Cl Cl
(a) {(b) (c) (d)
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15.

16.

17.

18.

19.

20.

21.

22.

[
b

For the reaction.

Q. +0

(&) 2 (g

—- 0 AH = -1072 KJ

34g)
Calculate the average bond energy in O,.

Using the following information

a

> Cg, AH = 716k

reaction

AH = 8728kJ

reaction

2H

2g)

and the fact that the average G H bond epergy is 414 kJ/mol , estimate the standard
enthalpy of formation of methane (CIL).

Based on energy considerations , which of the following two reactions will occur more
readily?

(a) Cl ., +CH

®) a — CHy Clg +He,

1) Cl,, + CH,,, — CH;g +HCl,

{Assume that the average bond energy of the C €l bond is 338 kJ/mol)

Calculate the standard enthalpy of formation A H; of ethylene in the gas phase.
Compare your results with the enthalpy of formation of acetylene. Why is AH:- for
ethylene so much less positive than =~ A Hf for acetylene?

The equation for the combustion of methyl alcohol is

2H, COH, +30,,, — 2C0,, +4H,0,,

() 2(g) 2(e)

Estimate the enthalpy of this reaction , that is , the heat of combustion of methyl alcohol.
Predict the geometries of the following species using the VSEPR model :

@ PCl, @ CHCL () SiH, @  TeCl,

What are the geometries of the following ions ?

(@  NH; (& NH © COy @ ICY

(e) ICt, &  AlH; (g  SnCl; (hy  H,O"

(i BeF:™ () ClO;

Which of the following species are tetrahedral ?

Sicl,, Sek,, XeF,

43

ClL,, Cd Clj_

Which would have the greater O-N-O bond angle, NO, or NO, 7 Explain

your answer briefly.

Use valence bond theory to explain the bonding in Cl, and HCI. Show the overlap of

atomic orbitals in the bond formation.
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25.

26.

27.

28.

29.

30.

Which of the following pairs of atomic orbitals of adjacent nuclei can overlap to form a
sigma bond? Which overlap to form a pi bond? Which cannot overlap (no bond)?
Consider the x-axis to be the internuclear axis, that is, the line joining the nuclei of the
two atoms.

(a)1s and 1s; (b} 1s and 2p,; (c) 2px and 2py; (d) 3Py and 3py;

(e} 2py and 2py;  (f) 1s and 2s.

What hybrid orbitals are used by carbon atoms in the following species? (a) CO, (b} CO,,
(c) CN~.

What are the hybridization states of the C, N, and O atoms in this molecule?

Draw a molecular orbital energy level diagram for each of the following species: Heo,
HHe, He;. Compare their relative stabilities in terms of bond orders. (Treat HHe as a
diatomic molecule with three electrons.)

Which of these species has a longer bond, B, or B ? Explain.

Explain why the bond order of N, is greater than that of N, , but the bond order of O, is

less than that of O .
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Celsiug scale Kelvin scale
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Increasing temperature
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Noble gas

He - 268

Ne - 229

Ar - 123

Kr - 64

Xe 17

Halogen

Cl, - 144

Br, 311

Small inorganic

species

H, - 240
O, - 118
H,0 374
N, - 147
N, 132
Cco, 31

Organic compound

CH, - 83
ccl, 283
CeHg 289

BNEITHID4
t. Raymond Chang, Clemistry, 5™ ed, Mc Graw Hill InC. (1994).
2. Masterton and Hurleg, Chemistry, Rinehart and Winston InC. (1989).

3. P.W. Atkins, The Elementary of Physical Chemistry, Oxtord University Press (1992).
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Excercises

10.

. Describe how a barometer is used to measure atrnospheric pressure.

Why is mercury a more suitable substance to use in a barometer than water?”

Explain why the height of mercury in a barometer is independent of the cross-sectional area ot
the tube.

Is the atmospheric pressure in a mine that is 500 m below sea level greater of less than 1 atm?

Calculate the pressure (in mmHg) of the gas in the arrangements shown in the illustration

low. The liquid is mercury.

1 ftm Vaccum

Gas

In terms of energy considerations, explain why, in principle at least, all substances can be
converted to the gaseous state by heating.

Explain why a helium weather balloon expands as it rises in the air. Assume that the
termnperature remains constant.

A gas occupying a volume of 725 mL at a pressure of 0.970 atm is allowed to expand at
constant temperature until its pressure becomes ¢.541 atm. What is its final volume?

A diver ascends quickly to the surface of the water from a depth of 4.08 m without exhaling
gas from his lungs. By what factor would the volume of his lungs increase by the time he
reaches the surface? Assume the density of sea-water to be 1.03 gfcm3 and the temperature to
remain constant. (1 atm = 1.0325 x 105 N/mQ, and acceleration due to gravity is 9.0867 m/sz)
Quantity of 36.4L of methane gas is heated from 25°C to 88 C at constant pressure. What is ifs

final volume?
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11. Cyanogen is a compound carbon and nitregen. On combustion is excess oxygen, 500 mL of
cyanogen give 500 mL of N, and 1000 mL of CO,, measured at the same temperature and
pressure.  What is the formula of cyanogen?

12. What are standard temperature and pressure (STP)? what is the significance of STP in relation
to the volume of 1 mole of an ideal gas?

13. Nitrous oxide (N,0) can be obtained by the thermal decomposition of ammonium nitrate
(NH,NO,). (a) Write a balanced equation for the reaction. (b) In a certain experiment, a
student obtains 0.340 L of the gas at 781 mmHg and 24°C. If the gas weights (0.580 g,
calculate the value of the gas constant.

14. A certain quantity of gas at 25°C and at a pressure of 0.880 atm is contained in a glass vessel.
Suppose that the vessel can withstand a pressure of 2.00 atm. How high can you increase the
temperature of the 36.5°C and 1.00 atm pressure?

15. A gas evolved during the fermentation of glucose (wine making) has a volume of 0.78 L when
measured at 20.1 C and 1.00 atm. What was the volume of shis gas at the fermentation
temperature of 36.5 C and 1.00 atm pressure?

16. Dry ice is solid carbon dioxide. A 0.050g sample of dry ice is placed in an evacuated
vessel of volume 4.6 L at 30°C. Calculate the pressure inside the vessel after all the dry ice
has been converted to CQ, gas.

L7. Calculate the volume in liters of the following at STP : (a) 0.681 g of N,, (b) 7.4 moles of
SO, (¢) 0.58 kg of CH,

18. Calculate the density of hydrogen bromide (HBr) gas in g/L. at 733 mmHg and 46°C

19. A volume of 0.280 L of a gas at STP weighs 0.400 g. Calculate the molar mass of the gas.

20. Nitric oxide (NO) reacts with molecular oxygen as follows:

2NO(g) + 0,(g) — 2NO,(g)

Initially NO and O, are separated as shown as below. When the valve is opened, the
reaction quickly goes to completion. Determine what gases remain at the end and calculate their

. o
partial pressures. Assume that the temperature remains constant at 25 C
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21.

22.

23.

24,

25.

26.

27

NO 0,

4.00 L at 2.00 at

0.500 atm 1.00 atm

A mixture of gases contains CH,, C,H,, and C,H,, If the total pressure is 1.50 atm and the

number of moles of the gases present are 0.31 mole for CH,, 0.25 mole for C,H, and 0.29

5
mole for C,H,, calculate the partial pressures of the gases.

A mixture of helium and neon gases is collected over water at 28.0°C and 745 mmHg. If the
partial pressure of helium is 368 mmHg, What is the partial pressure of neon? (Vapor pressure
of water at 28°C =283 mmHg )

A sample of ammonia (NH;) gas is completely decomposed to nitrogen and hydrogen gases
over heated iron wool. If the total pressure is 866 mmHg, calculate the partial pressures of N,
and H,.

Which of the following two statements is correct? (a) Heat is produced by the collision of gas
molecules against one another. (b) When a gas is heated, the molecules collide with one
another more often.

Calculate the densities of the following gas at 27°C and 763 mmHg (a) CO (b) Cl,

Use the ideal gas law to complete the following table for ammonia

pressurc volume temperature moles 2rams
25atm o 0'C 320

........... 75.0 ml 30°C 0385
768 mmHg ~ 6.01 d11 812 1LE 1L S A

To prepare a sample of hydrogen gas, a student reacis zine with hydrochloric acid, The overall
reaction is

Zn(s) + 2H'(aq) — Zo* (aq) + H, (g)
The hydrogen is collected over water at 24°C and the total pressure is 758 mmHg (vapour ot
H,O () = 22.4 mmHg)

(a) What is the partial pressure of hydrogen
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30.

31.

93}
12

(b How many of hydrogen are there in a 2.00 / sample of wet gas?

. o ~
. The temperature in the stratosphere is -23 C. Calculate the root-mean-square speeds of N,, O,

and O, melecules in this region.

29, Two vessels are labeled A and B. Vessel A contains NH, gas at 7(}0C, and vessel B contains

Ne gas at the same temperature. If the average kinetic energy of NH; is 7.1 x 107
J/molecule, calculate the mean-square speed of Ne atoms in mz,"sz.

List the following gases in order of increasing diffusion rates: PH,, C10Q,, Kr, NH,, HIL
Calcularte the ratio of diffusion rates of fastest to slowest.

10.0 moles of a gas in a 1.50-L container exert a pressure of 130 atm at 27°C €. Is this an

ideal gas?

2
. From the following data collected at 0 C, comrent on whether carbon dioxide behaves as an

ideal gas.
P(atm) 0.0500 0.100 0151 0202 0252

V(L) 4482 2238 1488 1108 820
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(amu) B D) X)
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Acetone (C3HgO) 316 x 104
Benzene (CgHg) 6.25 x 1074
Carbon tetrachloride (CCly) 9.69 x 104
Ethanol (CyH50H) 1120 x 1073
Ethyl ether (CyHsOC,Hs) 233 x 104
Glycerol (C3HgOg) 1.49
Mercury (Hg) 1.55 x 1073
Water (HyO) 1.01 x 1072
Blood 4x 1073
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Why Do Lakes Freeze from Top to Bottom?

The fact that ice is less dense than water has a profound
ecological significance. Consider, for example, the
temperature changes in the fresh water of a lake in a
cold climate. As the temperature of the water near the
surface is lowered, its density increases. The colder
water then sinks toward the bottom, while warmer
water, which is less dense, rises to the top. This normal
convection motion continues until the temperature
throughout the water reaches 4°C. Below this tempera-
ture, the density of water begins to decrease with de-
creasing temperature (see Figure 11.14}, so that it no
longer sinks. On further cooling, the water begins to
freeze at the surface. The ice layer formed does not sink
because 1t is less dense than the liquid: it even acts as a
thermal insulator for the water below it. Were ice heav-
ier, it would sink to the bottom of the lake and eventu-
ally the water would freeze upward. Maost living organ-
isms in the body of water could not survive.
Fortunately, this does not happen, and it is this unusual
property of water that makes the sport of ice fishing
possible (Figure L1.12).

Figure 11.12 fce fishing. The ice laver that forms on the
surfuce of a lake insulates the water beneath and main-
tains a high enough temperature o sustain aquaric life.
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A19190 4 Molar heats of vaporization for selected liquids.

Substance Boiling Point (°C) Ay (T / mol)

(measured at 1 atm)

Argon (Ar) -186 6.3
Methane (CHy4) -164 9.2
Ethyl ether (CoH50C7Hsg) 34.6 26.0
Ethanol (CoH5OH) 783 39.3
Benzene (CgHg) 80.1 31.0
Water (H,0) 100 40.79
Mercury (Hg) 357 590
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#1961 UM The vapor pressure of ethyl ether is 401 mm Hg at 18.0°C Calculate its vapor

pressure at 32.0°C
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vindoyalumsiei 4 Ally,, =

imuald P, = 401 mmHg

T, = 18°C = 291K
Py = 9
T, = 32°C = 305 K
lnﬂ _ ABvyap (Tl —-Tg]

10 Py R UTH
p 201 26000) / mol (291K - 305K

P, 8314 J/ K.mol|{291K }(305K)

P o606
)
Py = 657 mm Hg
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A1314A 5 Critical temperature W82 critical pressure VOIMIUNVIR

Critical temperature, Critical pressure,

Substance K atm

He 5 2.3
H., 33 12.8
Ny 126 335
aQ, 154 49.7
CQ, 304 T2.8
HCl 325 81.5
NH,, 406 111.3
cl, 117 76.1
IL,0 847 2183
Hg 1735 1036.0
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M5A 6 WAAIA1 molar heat of fusion, AHy,, Unseigadsiumiinans i lunsa
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m‘sn*ﬁ 6 Molar heats of fusion for selected substances.

- Substance Melting point (°C) AHy, ¢ (kJ / mol)

measured at 1 atm

I—;rgon (A1) -190 1.3
Methane (CHyj} -183 0.84
Ethyl cther (CoHg5OCoHs) -116.2 6.90
Ethanol(CoH5OH) -117.3 7.61
Benvene {CgHg) 5.5 10.9
Water (H>O) 0 6.01
Mecrcury (Hg} -3.9 23.4
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Tunsdifidgnazee azdnihezmodlumsifidnsasadion WU benzene AU
toluene DUAT f38152U 9 benzene-benzene ; toluene-toluene ; benzene-toluene ‘ﬂ%ﬁﬂmiﬂm’ﬁ
o & A v o oA A i o ~
fu lumsazmoddidignazats uasdainazmoguilazim AHg, Mugud nszuiumania

W ora Y A o P ¢ = ETE
mgasant hmmsaﬂmmmumamﬂmmsaummu me‘iﬂﬂﬁ'lﬁﬁﬂiﬁ'lﬂﬂhlﬂﬁ"l MIaznny

@a1)50HsLILN30 Tdeal solution

1 9 3
7.2 HUEANUUNVHUDITITAZAE

1 g we ¥y o an 9 rol s Yo oo
Wu?ﬂ‘ﬂcl‘]iﬂl!ﬂ’ﬂllﬁJ‘LI‘UuﬁJEN’ﬂTiﬁ%ﬁ’lﬂlﬂﬂﬂﬁ"lﬁllm'u meuﬂu%mmag 4

wuufe Yeuas Taowuia (percent by mass) , IAHEIU TN (mole fraction) , T@15A (molarity)

Tuseada (molality)
7.2.1 Percent by mass
o oo A & v ow : o . =] -
pnFendn¥ontan Tevaz laudmiln {percent by weight W79 weight

a o
percent} YUHUAIU

m )\
percent by mass of solute = s of sogg % 100%

mass of solute -+ mass of solvent

mass of solute

= ————— ——x 100%
mass of solution
- 144 1
ANUTYUY percent by mass vz Jufimie
fireglamIniuan A sample of 0.892 g of KCl is dissolved in 54.6 g of water. What is the

percent by mass of KCl in this solution?

0.892 g

percent by mass of KCl = — =
08%92¢g+ 546¢g

x 100%

1.61 %

1l
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7.2.2 Mole fraction ,X

{ ] 4 = kg
e luaued A mlﬂummJnnau‘umfmﬂixnamswmmmumﬂ
= o
X p UASUUINUAIY

mole fraction of component A =X, _ moles of A

~ sum of moles of all components

=4 W

arurututhessdn Tue s liiminguiu
R L RIS L LA VDTS A chiernist prepared 2 solution by adding 2004 g of pure ethanol
{CrH50H) to 143.9 g of water. Calculate the mole fractions of

these two components. The molar masses of ethanol and water

are 46.02 g and 18.02 g respectively.

S Tuau0d ethanot oy = — 20048 . 4355 mol
N 46.02 g/ mol
Snlavenhiiled = — P98 5086 ol
18.02 g/ mol
- mole of C,H;OH
Xenson =
sutit of moles of C,HsOH and water
| 4.355 mol — 03520
(4.355 + 7.986) mol
Xm0 786mol _____ 4 6471

= (4.355 + 7.986) mol

namTnaany 12141 saswvenduau Ivaveinanlsznouuaazdl lumsazane

-FC?I{SUE; oKy, T 03529 + 006471 = 1.0000

Y50 Malority

Molarity st luavesignazaeluasazens 1 Gas

. moles of solute
molarity =

Iiters of solution

Molarity 9ziv1011 mol /1
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7.2.4 Molality

Molality Aot 11171 Tuavesdgnazmeludwnazate 1 Alaniy
moles of solute

molality =
v mass of solvent (kg)

#Iv1uTU MIazaY Nay80, i 1 Tues sumsonldnianisiuer « Tua

NaySO,4 (142.0 g) wazarwluni1 1000 ndy amavmoitldesiilSnargatheomnnth

#39Waun1 1000 cm? %uatjﬁu ANHULIUATATHTEN INAIgRaT - INIaT a1

fhodamIfuIn Calculate the molality of a sulfuric acid solution containing 24.4 g
of sulfuric acid in 198 g of water .The molar mass of sulfuric
acid is 98.08 g

24.4 ¢ H,80, 1000 g HyO

»
TIIUNTUVB HpSO4 U 1000 g X
198 g H,0 ~ 1kgH,0

24.4 gH,S0, 1000 gH;0 1 mol H,80

Innuluarsd HyS04 ui 1000 g
198gH,0 =~ 1kgH,0  98.08 gH,S0

1.26 mol HyS0, / kg HHO

126 m
8. Colligative Properties

H ¥ )
deiandfgiednvesmsazaeivueddusnweymavesiignaz ooy u
' G’)’ I3 '4; a9’ =y @ ey ' ¥ 1 adey =
mgazaiiy ud hiduduriiavesdagnazae auianguilSonsug 1 euiAneadinad
L . A A . o A W T P RRT A
{colligative properties W38 collective properties) INTIZNTAITUAUKLDUNY 7D ATULGIAYUDY
v o S g a & we a A
fudmaneyniaiitied Tashoymnomazdiuozao , looou nislumana suidnoadndlves

) T
myazane TAun

- NIRABIYDIANUAU D (vapor pressure lowering)
’ ¥

- MAALTUYDIALABA (boiling point elevation)

- miﬁﬂﬂﬁlﬂﬁﬂﬂtﬁ@ﬂti%ﬂ (freezing point depression)

- ANUAUBDATUAN (osmotic pressure)

q’/‘ ciy = Ay oy -] o 1 ar
1umuuinu ﬁ]S‘W‘il"liil!'lﬁ!W73ﬁ15ﬁ3ﬂ1ﬂﬂqﬂlﬂuﬁ1§ﬁzﬂlﬂﬂmﬂi‘ﬂih].iﬂ@'lﬂBu Lm:ﬂuﬂum‘mz

sy s v oA Y 4 8 ¥ oy
MENADUINDZIID9197728 ABANUAUUUVDITTaZaENIZANYIUY WA < 0.2 M
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8.1 Vapor Pressure Lowering
| 9 9 1 o
T Tuanavesveanatszngasen hl szuen lddednrudulevesves
o o A o o Y < o
madiu awauleveseunanzanaudelioynadignazaeaddin mazimqladuilu
Fd [ a‘f a
il smaunniaded 6.1.1 udrh w gamglilaq arwdulevesveunaruigniezau
T as ] Ao W o = = 9 k1 P
agfudves luanadilndinuemnnreimossusidgave uanatie 18 ju%
-y ‘QJ 1 1 at a/ 1 { §
23 (a) sanavauMadLsgnsnegluanqaiuloveaiu daugii 23 @) naasmsazanen
guvgliRofufiegluaugaloveahusuiu tdagnazmeliminsaszme’ld monvolatile)
g A s w o & 4 & g
Tuanalueamez lonezing lwanavesdhazmeoniniy luamnaatiueziiuham
9 1 & g ] { o
e luanaveslelugil ) deenilugll @) Melitmsziluasazatw Tuanafina
4 r
i Tulanavesdnihaymouazasgnazay wua Tiviluenavesdnihnsavaznga
pon lidlifeunt wufe Sanmiszmovesamsazaezdoondasnisszmeuaddnn
s & ga ¥ o A A A
azanousgnE wanfe aAnududuvoslaanalugomzudamieaniazme diofaaugay
\ r Qf o =y ﬂ“’ at 1
Hanfesnamududumiledniazmouians anudulovssmsazaedadosniniu
at o = q! 1 [ o
du'tevesdvhazameuignd Ui 24 namensvewnnudu levesmsaraauasanuau
e/ o = < T ] 3 a’: =1
Tovoed wiharaeuSantizoz sz innailaaiainng uaasddiiudunas

a d‘ d'. = 1
ﬂ’J']iJﬂ‘Llh],E]‘ﬂﬂﬂﬁ\? NBUNDUAT)

Q Solvent molecule
® Sclute molecule

g 23 namamsanavenudule () vouMaNEgNE (b) Mazme

204



Vapor pressure
of pure solvent
Vapor-pressure

lowering \\

P
P

sulvent Vapor pressure

. of solution
selutinen

Pressure ——»

Temperature ——

gﬂﬁ 24 Vapor pressure lowering

Raoult's Law

Y ar o T M = o 9/ I ] y;’f ar
taagnavaoiluensii hiszmo Asiidmnudulodeosuialildin aawdule
o r a
yoamsazmezosnianuau levesdwhayasuigniaue awhldnannuds Auiu
& a o @l . a D ¥ 1 o/ a
ANMAURUEIZIATNAY Tprstansazmonazd Thazaeriednua MR uYeada

gnazarwluaisazateamnguessgaivnainh

‘The partial pressure of a solvent over a solution P , is given by the vapor pressure
of the pure solvent , P}, times the mole fraction of ihe solvent in the solution , Xy

P = lelu

(1)
9 A o = = =i
tlussezmelidgnazmaifisariiabion
Xl =1-X
Ay 1 o
e X, = wwduluauesdignazae
auns (1) @eutdiiv
P = (1- Xz)Pf
Pl -Pp= AP = Xo B 2)

fufie nranasvoan i le AP HudadiuTaensifulfinudgnazmeiifieg

v amIfIHIN A1 25°C | the vapor pressure of pure water is 23.76 mmHg and that
of an aqueous urea solution is 22.98 mmHg Estimate the molality of
the solution.

90 AP = P o-P = X,B

1l

(23.76-22.98) mmHg = X5 (23.76 mmHg)

X, = 0.033
o o w N,y
DINAIDINAAI X, =
n1+n2
n,n, = 317U Tuavead s mgiazAIgnazaY
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JuTouldn X, o~ bl
1
HZ = HIXZ
wa Tuavearlu 1 Alaniy
1 mole H
= 1000 g HpO x M
18.02 g H,0
= 55.49 Tua

° o Ad = a H
Wi luavesgiseniledlu 1 Alanfuveni

ny = mX;

(55.49 mol) (0.033)
1.8 Tum

. ¥y o 4 .
<o ANENTHABIgTY = 1.8 'Imma

mswmf@"lﬂmmﬁ’u"lammmiasmﬂ?iaﬁatlﬂ'i1ﬁ'sﬁ1aza1au§qw§ A
urwdnduimlfidanszuounmenenwieznssuaimamanil - pae  mstiina
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'lﬁ'ﬁafj anudu leswvasmsazamzilunaswvssnnududevuowdazesmlsznou oz ld

W 3 w A
nQUeIs1gan IATuNEead Ao

Py = XaP}
Py = XgP}
P4, Pp = AwaudenrilomIasaevseduilsznon A, B
PP, = awdulovesns A uSans uazems B v3qns
MuAY
Xa , Xp = i lnaves A, B Tumsazang

Y A I . e
arwdau lermmilomsazaeezitu llam Dalton's law of partial pressure M9

Pp = Py +Pp
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(b) ANUAULIDBYDIAIT A

(C) ANNFAH 183 HDITTRL e

A ldndruudamsaene benzene-toluene 57 T43uTM ideal solution naviiwgd
nssudluldawnguesngan udemsazmodmlng zlifieui@idiy ideal solution f1ans
AYA1Y nonideal W Tidilszney 2 viln ﬁi%ﬁiﬂtlﬁ’ﬁ,:d@: onfingans sy lauunuiisdse
i

W A, B fludnlsznouiisumelvesmansay
ﬂiiﬁﬁ 1 intermolecular forces 534719 A Uay B (A-B) #A1Teen1 intermolecular forces
sernalueng A A A (A-A) uazTimana B AU B (B-B) ﬁﬁuuﬂﬁariﬂmaQammﬁ’ﬂqun

oy v & a o e w X ., o o
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UBII0an 'ﬂsmgmimuw11wmﬂmﬁmﬂamumﬂngﬂmaﬁgaﬁ"lﬂ”lummm {positive
B o a o A R
deviaion) muﬁm"l'ﬂugﬂ‘n 26 (a) MAZANUIDUVDINTAZINY (heat of solution) ﬂzumsﬂu

¥
BIN NITUIU nmﬂﬂﬁ"ﬁamwmuﬁ%mﬂunizmu NMIFARNU %Jﬂ'l«!

Pressure —»
\
\
\
\
Pressure — =

3

(a) fhy

417 26 nonideal solution
() positive deviation (Pp is greater than that predicted by Raoult's law

(b) negative deviation (P is less than that predicted by Raoult's law

ﬂ‘ia‘ﬁ 2 ‘S"I intermolecular forces A-B ﬁﬂ'mmﬂ’j”l intermolecular forces A-A U@ B-B AU
o PR v oo o & a =

ﬂ‘Ll"laﬂJEN’CT']ifl3ﬁ1ﬂﬂ$ﬂﬂ1uﬂﬂﬂ‘ﬂ1’l‘ﬂ1u'}ﬂﬂﬂﬂﬂﬂ"UEQi'@fﬂ’l 315 4 mﬂﬂﬂ'ﬁﬂjﬂﬁlﬂullﬂﬂ'lﬂﬂ‘ﬂ
(negative deviation) AMufeNvImIarmEzidTlual nszuumIBamrazate I¥anu

fousanu dawaas i ugilhi 26 @)

8.2 Boiling Point Elevation
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boiling point Vadd Iz YAIRoAva@sasaedsgeandazay MIwNTNBIAIADA

wia Ay, Ao
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T, =  tfeausidaraw
./ [ AREAUBIA Az INY

wazainman ATy, dudaduTasasafvanudulefaans . Ar, Juifludadiulaoaseiy

¥ ¥ o ast LA
anudud iy Tueaafveiazasdls o

ATb a m
ATb = Kbm
m = anududmiluluuea
Ky, = A1A99 58091 molal boiling-point elevation constant

. [o}
WHUW "C/m

]
]

= v ¥ LY ' o ' a4 = v Ay v =
ﬂ'ﬁ'ﬂﬂa\jlliﬂﬂq'luﬁlumu‘luﬁu?ﬂmaa molal ﬂl'w‘iTx’nﬁzﬂ‘ﬂ‘l’u‘i’lﬁﬂ}l‘lﬂgﬁ]znqmﬁanluﬂ\‘m L

Tueansaldmiadu molarity 18 masnihedind sxnldounlasmugunai
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MTNN 7 A1 Ky 4o Ky, Y99008MaI0Nyiia

fmazay Normal freezing Ky normal boiling Kp
point (OC) (OC / m) point (OC) (OC / m)
Water 0 1.86 100 0.52
Benzene 55 5.12 80.1 2.53
Ethanol -117.3 1.99 784 1.22
Acetic acid 16.6 390 1179 2.93
Cyclohexane 6.6 20.0 80.7 2.79

it I P ¥ 4 o
PIAMAITIIN 7 WSIHUNTIRER DA IgALUUUY 1 .Iﬂllﬁﬁ‘ﬂﬁmﬂﬂ'ﬂ 100527 ¢

8.3 Freezing Point Depression

§ d 5 a M ]
Tugld 27 szfiudh asfnnwdulevessazmoandins sxvinifidunsuanamuga

[ o i a ycv o ' H
senINBe-vaunal Moy himede i ltidunsdidadudunaaisy 1 v550ma i

a6 1 E o by 5 & o oA
ganiidinhgaldonuiuoail misamavaswaenuia , ATy, ine
Aty = Tr-Tg
e a a o
T = aanLTIVIG IR
o
Ty = binuvesmsazane
t = W :i
naziwALAUR ATy o m
= K¢fm
mo o= amudidudluTunea
K¢ = AMNIAGEH I molal freezing point depression constant

fimisoihi °c /m
Tunsaiveq boiling point clevation, @agnazaeazdodliszmoudlu freezing point depression
lifideinadindn
fpeam IR Ut What are the boiling point and freezing point of a 2.47 m solution of
napthalene in benzene ? (The boiling point and freezing point of

benzene are 80.1°C and 5.5 °C respectively.)

VINAINA T Ky, 253°C/m

K¢ 512°C /m
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an ATy = Kp m

= 253°C/m)y24m) = 6.25 °C

. QAAEAYBINIazaw = 80.1 + 625)°C = 86.4 °C
ann ATe = K¢ m

= 512°C/m) 24 m) = 126 °C

. qadenuilesmsazay = (55 - 12.6)°C = 7.1 °c

8.4 Osmotic Pressure
3 1
nTzIRURTTMaAltar i raEed Yuagiurosni luanavesdvinazay

A A A A w Ay s . =
Aondloshudoniy  snamsazawdens limsazmeiiudundy i 28 naes
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T =  MRT

M = molarity YB4ETAZAE

R =  dnefiueuie (0.0821 1 am /K mol)
T = guupiduyse

T = anusuenaludn Sviied am

esnmilunrzuunsiigumgiaeh Serunsoldwibeanudududy motuiy 14

M v

ﬂ')']ﬂ]ﬂuﬂﬂﬁINi"?lﬂﬁdj'l.l@ﬂﬁﬂﬂﬂ]ﬂlﬂ?ﬁ%ﬂﬂlﬂﬂﬁTiﬁgﬁ"lﬂ l‘]ﬂ.lLﬁﬂ’lﬂﬂﬂ"l'ilﬂ‘uﬁu‘u@ﬂﬂﬂlﬁﬂﬂ as
o
ﬂ'l'iﬂﬂﬂ\iﬂlﬂ\iﬂﬂlﬁ@ﬂ!ﬂlﬂ'ﬂﬂﬂﬁ'ﬁa%ﬁ']ﬂ

e ¥ oy v ow & = a A wow L o, .
AITATDUNUR N WY WY UENOUY WQ%K&F?’I?TNWU@Bﬁiuﬁﬂl'ﬂ'lﬂuﬂ']ﬂ 13807 1sotonic
. 1 A Ao as a T w e = 4y @
solution ﬁ’)uﬂ1iﬁ$ﬁ1ﬂﬂ'ﬂ~1‘ﬂuﬂ‘!’lllﬂ'.l'lllﬂuﬂﬂﬁi”ﬂﬂvlﬂlﬂ1ﬂuuu SLTHUANTAS YUY VUYL

L . . P Ao (L) . N
UINAIIIN hypertonic solution UDZITINTNTSAWNRDT NN hypotonic  Solution @E‘]J
29

#® Water molecules
© Solute molecules

o 7, ° N\
; ® \"1\ b u
o T L el \ z’fﬁ%"
o & ] Rl B o1
AN C Lt
St L A
I o ' & %

=, & A ' . R .
;]_]‘Ifl 29 ﬁmwmmmamm'ﬂg’lu a) isotonic solution
b) hypotonic solution

¢) hypertonic solution
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isngmssinnudueaa luanil dinlszong ldedraihaulswaodn 1w
= 1 o A & o . P )
lumsinnaiudsenovveulmboauny semipermeable membrane WOHNDYWD
w A v o e a W A da ' . 2
HoadusmFundoumeuon 11nBuall 16 1MmaliaiGonin hemolysis laonigriuen
g & 1 . ) & o o 9 ' o
iadoauadliutly hypotonic  solution Asiiarmududuieenimyasmeneluwad
& 4 Y s o ) i o B Y
inandouidh il lumad @il 20 ©p wadesTilweaussTuhgaozuanoen Ml
“ - \ 4
g 1ulnaiiu wasdivlszneudug rgaoenun
o ] < Py o e o & a 9 3
astiney Adhumslszgndanuduooe TuAndansdiniie msdiuey asdoals
y o o w g ' } 2§ 9 a
aadiud i lumsfiuevensarey mizihmaszaiuuaiiFenewinldife
= 4 1 c? :‘ o
amsidiufiy (botulism) Wonuaizesglu hypertonic solution vosthwa thawluad
A 4 = o a W ow o =
oS sezindoufioonundimsazareiidudundnalonszuduniseon luda
1 d?d. T . q EY [ d = o o o =
ATLUIUMTBUITON N crenation 2z Ivacnatinas uaz lufiganuyanisiimin
a yd e o a o g 1w
amwarniunsamurssunavewa lRFUSims s yuouua G o Tdrudy
¥ ¥
anuausoaludn slunalnddalunsvuhivldludduvesite luvehiad]
3 3y g o s A A g o
asmathgemanasanm  anududuvesdagnazaslulylianuiy  1idagndu
-;EJ o_ ¥ A W 3 ar = & ot =
Fuldaudau nazfeiumndlenaues luan &3e19liM1gadd 10-15 Us3MA
A gyt o = &
e 194 1UUIdY Redwood 4IDIIFADI 120 WAS
f0EN19NITATUIN The average osmotic pressure of seawater s about 30.0 atm at
25°C. Calculate the molar concentration of an aqueous solution
of urea (NHo,CONH;) that is isotonic with seawater.
é . A ar o a = oo
TR urea B4 isolonic N1 seawater ﬁ)zﬂmﬁﬂ’nmuaaﬂimnmmu ﬁ'ﬂ 30.0 atm

T MRT

| N
RT

M

30.0 atm
(0.0821 1 atm /K mol) (298 K)

= 1.23 mol /1

= 123 M

8.5 Using Colligative Properties to Determine Molar Mass
mniAneaindnuoimsazay nonelectrolyte limunaluenavesdignazme
[ i = ot =] 1 e 1 o
18 Tnowdnmsudes ISautaneamindddilan1d  salumalfides ldemsandiag

2 o Y = = = a8 !
VOIPALYDNLAU Llagﬂqquﬂuaﬂﬁiuﬂﬂlw‘aﬁlz“ﬂjilﬂaﬂu!lﬂa\iﬂlwuwﬂﬁluﬂ'ﬂ
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A0 19NIANHIN A 7.85 g sample of a compound with empirical formula C5Hy 1s
dissolved in 301 g of benzene. The freezing point of the solution
is 1.05 °C below that of pure benzene. what are the molar mass

and molecular formula of this compound?

AR 7 Kf = 512 °C /m
AT = Kfm
m = g:—&c— = 0205m
Ki 512°C/m

S Twavesdagnazanslu 0.0301 kg veadimzasmldnn

0205mol 4 301 kg solvent = 0.0617 mol
1 kg solvent
wiaTanavesdignazay = 188 1376 /mol
* * 0.0617 mol

fhegamsAan A solution prepared by dissolving 35.0 g of hemoglobin {(Hb) in
enough water to make up 1 | in volume.If the osmotic pressure
of the solution 1s found to be 10.0 mm Hg at 25°C , calculate

the molar mass of hemoglobin.

wanudNduIeImIazaen T = MRT
M = U
RT
ML R
_ 760 mm Ig
(0.0821 1 atm / K.mol) (298 K)
= 538 x 107%M
= = =
msazasiialTuiag 11999 Hb 5.35 x 104 mol
ulavad Hb

1ulva Hb

w0 Twana Ho

17189949 Hb
wraluana Hb

I

v Tuaves b

= P08 651x10% g/ mol
538 x10™ mol



o 1 8 a =4 i ar [ v A s 1 R -
nndmeduell wefuhinnudu 100 mm Hg Whumfannedaldldenuar ia ldeds
o o w a A S e ¢ 1 a
gndes  anldanusuesaTudnfienwialuenavesnsidils: Towledts  lanmmzany
] Py [
Tuanalnafszanlisfumnedliiinrananegabonsiclumsvwiaivanaves @

o

¢ : P oo .
anuuudoainil e ATe = 1.00 x 103°¢ Fsfidviaennruewialigniesiden un

¥
8@ uazihiminTwagaifesndt 500 g
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o ldnunuedtiu nad veadsnemsniidinnsuasUienah uda
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amueiwdr 1Hinesvorvowdazdoulaaanieaieguuginlon vemdadinlny
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psfimavenedd Weguugifindy  uadidudszAntasvneduFannuion (coefficient of
) - 4 a ' P g A W

thermal expansion) ¥iomsnAsuuiailsumsdegangimaluiiniy YoarpuIH1TBY
4 a4 e o g o @Ay a S uyYy 2 @ o ow '

winilafeuiuuig wenoniauaunisadolinsvosveada ldthadnileoauiu udly
as = o_ T =1 Qi =T e . s 1 r

PagtuBmsilvmdriwowds  adnyuzInssadunsludlynnmianameniwasuanion

Taoliilosi veawdeemsdalsenovnweymanimsianuilusuioy Isdsnadiniod

<F o w o s v o = ar ai c:‘d (=T ol ar

wou hweaddudy g  fwedailuszuy  dewdundeiiialuien  vewdsedugy

. ‘i‘l d Vo o A & g a4 A

(amorphous solid) (uupd+— ki1 ]sAam szAVITMIIvEITR U MLz YA NI

¥ o= . : & g v o &
IﬂiQﬁS’Nwaﬂ {crystalline solid) LWE]QlWﬂ‘EE)HﬂE‘JN‘iJB\‘]LHNTNﬁUﬂ

1. Amorphous Solids
) = 1 = & e o d
Amorphous solid 92z anazdFunsaeit MngilsadnvuznetonIzadevedl
' = wa + g o & dy
udazSTeuiAuanaannuo il undndad
Tassadebidundn uaz Lifiszuulnsasransamulumuia
- autiav e dnyuz iy isoropy foliA A ulunnfisma wu Aasssiinm
ansi rdh
a o
~ Siganaouman lidamu
- dlouantin szuannuuazdea ludlugiiuia
= N = 3/ t = 1 =
A amorphous  solid  vxillassadialaesonludlusuiloy  udewaziinm
=) "o 1 -t 1 . & s . s
Wuszifevegihaluuudiuesluana Fondn Cerystallites' 3UT0 crystallites NN0YE

»
Hudauenis 'degree of crystallinity’ U84 amorphous solid Hu'ld drodraues amorphous solid
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E ) ' g a < @ o . 3

A0 crystattites o Tuana 1dun  wodweiduns1w (synthetic polymers) Fudumssznou
' d ¢ v 1 4

Twanaluaszaeudiolwanaidng w30 uouBNEs (monomers) WidafiudluTwery Tuanai

P=1 = [ [ Jd =t [
dnnutuszdisnluueauauiisondiii Tassadnaii short range ordered structure

Crystallites

gﬂﬁ 1 a) amorphous polymer b) polymer with regions of crystallinity or crystallites

1.1 Polymer
ar ' = o o ? At a
Polyethylene (iudiodavaswodmeiduasizd filueuenioiiiiy ethylene , CyHy , Tu

Tafup4 polyethylene 923 cthylene 700-2000 Tuiana w3 min ATy Tdnnlszneudae

I_|{ H III B
H\ /H Ll - Pll/lc\‘/é‘\ P
Cc=C — G C Y=E
s R | RGP 450D
H H H H H
Ethylane Polyethylene

DEABNANSUBY 1400-4000 Dravy SnymeIATIaaluE@navea polyethylene 9z lMiAnuTIow
. _ )
ity crystallites "luTmaf]a'lﬂ
ey = ] o s 1
AIRYDINAIARN 15U polyethviene 1zgnAMUaminnessd iy 3 ai1Ae
. A ' = P & = r L4
1. Chain length - dielawedwedoniu usamgasznia luanasnuy

oq ¥ _a o= o = 4 A 4
Tl']nl‘ﬂWﬂﬂnJ BTUA ULV TINUN UL LAV UUIWLAUU

1 . 3
o on R

. = = o 9 =y o
2. Degree of crystallinity - Usinanrwifuszdionlu Tuanahfuduazyi linedwes
= o o 4:3’ oA ar
AT INUNTUUBL A NI N Y
. . [V d' = ] - L4 o
3. Extent of bonding betwecn the chain - mysadandluszdiouvealawedmes luusm
o = '
crystaliites ¥ 1% Tuanavaawadwesiihumng

A W - = ' o A S
BAT WU Ll‘Nm@ﬂ‘i:ﬂmﬂmaf}ﬂmmnmu



v 3
=

MR 1 dzuaAsauTianalsznsued polyethylene AUNOYAUYTINUUDY degree of
v 3 ¥ H » 1
crystallinity  niijoglulu@na il degree of crystallinity Muandnafuiy  Aaloannn

i s ¢ < L
anzflFiunszuIumsdunsizinetnos {polymerization condition) HANANNU

P L a s das . .
199N 1 FUUAUDY polyethylene fudludsnsuiv crystallinity

Degree of crystallinity (%)

55 70 85
Melting point (°C) 109 125 133
Density (g/cm) 0.92 0.94 0.96
*Stiffness (psi x 1077) 25 75 165
*Yield stress (psi} 1700 3300 5100

Qe a o = = o : A =
* ﬁMUﬂﬁaiﬂ?ﬁ PYUTAIANTUNUMUTINAUDIWDAIND T Lﬁamuﬂmmmwmﬂusmﬁauiu

Twana

1.2 Glass
a  w ] 4 . o 1 3 3 a =3 = W o
Glass WUDn#I0619M 119389 amorphous solid ATl 1Nz nInenamEaiws
= 1 Y o a s oAd ¥ o g ¥d o '
Fallsams  Idnvnmsdueriageiiunidumasumaudnilfituasuiuvewilanl
= i.j = 5 9 = -y 9 ] <] F Y
Aadlundn Tuwiade ufroniinganssundwveunaannniweds lulasaruwning
V319970 long range ordered structure 910N Ianaveaniimsiad ldidlussovesild
= r = o ] o ' [ o S v
ussfaszn-nseymadanuudas wandiiu Tl uudasdinveduena dusainlisidga
waoumaT lFaey mszuaazaduesTuanaszvasumwaIngamaiin 4 Ay
X PR ¢ A 3t a o d = 1A
Quartz (Si0,) #ieHumMINY sl Inssadmmlndly 3 U8 duszilaumube
o vy = o 3 - '
MWy uAdueT quartz WwasmadIn 1600°C v ldveamardunila Fdiulnguediagg
atsunveniuse Si-C finsagd udune si.c adugavhme lildamilussbou Ty
: 2 d o | =} ' @
Tagearavualy Susue sio, Avasmmanminbiitudinediesinga esaonbimuraia
a 9 &l o o R =] = 24 . as
aalfidurzden]dau crystalline guartz fazaldouaawiiu quartz glass Y38 silica glass @
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(a)

;ﬂ@:’l 2 (a) Crystalline quartz ' Wnaudn (b) Noncrystalline quartz glass

INUHANSU

upanldduluibpihuliogszina s00 e lumaeh 2 enfudanlszneunas
W o ¥ v . , o dea e .
autidrod quarz | ui pyrex uaZIAY soda-lime dauufandidiu Wumsizlilosoulan:
L3 roa r [}
Tugtenenleaioluay dradasy uf@Fe1 158 Ferric oxide, FepO3, 130 Copper oxide,
) o A = : . = = .
CuQ, ﬁjumuﬂsxﬂau UNIMH DI Uranium oxide , UO, , umﬁ‘ﬁ'mzn Cobalt oxide , CoQ,

1 o '
1A Copper oxide , CuO , TuvmzAutiduas sziioymading voinaaznowaIBgAIY

d‘. ] sy ¥
M31Nn 2 M ‘H‘IJ53.’!1ﬂ‘].ll!ﬁzﬁﬂ-lﬂﬂ‘l]i’]»it!ﬂ'J‘lJN‘lJizLﬂﬂ

Name Composition Properties and Uses

Pure quartz glass 100% 5i0+ - low thermal expansion
- transparent to wide range of wavelengths

- used in optical research

Pyrex glass 60-80% Si0y - low thermal expansion

10-25% ByO4 - transparent to VIS, IR  but not to UV

small amount Al;O4 - used mainly in lab and household ceoking glasswares
Soda-lime glass 75% 8104 - easily attacked by chemicals

15% NayO - sensitive 10 thermal shock

10% Cal - transmit VIS | abserb UV

- used mainly in windows,bottles
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2, Crystalline Solids
. . = o o = = v w = o 4
Crystalline  Solids 39 wowdefillundnezimssaduiluszidounanaiainsaaing
(long range ordered structure) 9¥ADM 1UIANA W30 ooy vzdadiedludwinisiniveu uaz
o I 3 = o 1 o e & 4 = a
wiilu T ludnpaziilfus dagagniszn i luanalininige  Mellussdamilealulns
2 =5 . .
#3unaAnonazily - ionic bond
- covalent bond
- van der Waals force
- H - bond
A o . &
- ‘ﬁsm‘ﬂu combination UDILTIUHATU
= o 4 o @ o 9 ar = ' A o
nanvoudaziyanosumalnuda dunamiulddany  sanvesensuNei BN
¥ ' V. & o = = T | o ¥
Tiuan szuanamsesdeszintuunieyma Faluswaminseniiuloonga uaziild
1 L] ar ~ 1 = oA a o
dautopiandizlssanlnadmaaiunoula
= o = ) T A ; te o 1 1 a =
wanveaudaazdauidumoaduilisduegfudiama gu minsi lddh vezasswi

o 9 ar 1 d"d ] ﬂ .
W 1Hudu dnvusuiiFonduily anisotropy

2.1 Lattice point , Crystal lattice , Unit cell
EU ¥t = o 1 © v oed ] 0 1w v Pl
FI’IﬂJ'ﬂ‘lﬁﬂﬁTJL!.ﬁTJ'] aqmﬂiuwammammagﬁlumlmmmmuau AMHUIAINDTUTON
! . . A o 5 . w A = 9
41 lattice point' waziiotue) latice point dnGsaiuglisnadadiia q a2 18iTy ‘erystal
. l o’." o A 1 & v 1 Af o g e
lattice' WIDUWATINGTHNI 'space lattice’ ﬂmwmawugmwmmﬂs:naunuaﬂu crystal
. = ' 1 3 ) B
lattice 50N "HUEaa' 130 'Unit cell'
2 o o a & W p ot ) ’ : . 3/
Mo WIHUAMEAIUIAYINUATN lattice point , crystal lattice U6 unit cell 15195 1%
=1 ar =4 ~ & A oo 1 g 3/
adusSowioufinswr  mszmesadidnuustuadie 12190 mwad 1w (analog) B4

crystal lattice Tu 2 1@

. il Jeininie Sttt Sininie. Rebninies |

Unit I 1 I | 1

cell T —_ ~—‘t—> —4‘—:- 44‘—;- —:—n— :
~4~4f“+——-+—i-4

L . ! | 1 I

A net: points in g plcne n ; -l I
a regular, repsating array. . . . ‘o-—--‘b———i———i‘

The square unit cell can be
used 1o generate the entire
net, as shown. . . .
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youtimszdonlsznoudingaeddonr 4 99 %iEmaden lAnawuuuiner 4 el ud
& d oy oy Y \ & 4 qwa ¥ &
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A1 nATY unit cell maammzngﬂinﬁ‘lumﬂnﬂumuﬂumu unit cell a, b, ¢ ﬂzuaﬂymmﬂu

v
= il

'primitive' 113123 lattice point MWIZAYY U unit cell d UAz e dyarinnanans Tuily
7 " 0 o ' v
il551AM 'nonprimitive’ dazaad f azmlauY a Nnod1e Navng 351 wazn1sIeaa 54l
anyue equivalent fiu
¥ o A o ' . ) 4 o 9 )
fdusninondavesinad llasedwniaues  latice point  wputinnz lanmadevos

aa o ad oo W as
crystal lattice 1 2 5@ Fuduunnisudnyasdofuiunszanladwnda @rall papen)
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Tugal 4 T unit cell Fnrlsenoudaounn 1 @ daladwzily unit cell sy A w30 B 170z
. o " Y o T o Y ;

asold unit cell sy Sosmadusyldnszantadwiiariula a4 1§ lwiweuferiu e

o ) = 1 I A o o} . s ~
U1 unit cell YUTEIND ) dulu 3 4@ fezla crystal lattice m"lugﬂ“n 5

d‘ . L) 1 . o
JUA 5 (a) unit cell (b) N5I589910 unit cell Tu 3 HA

2 X A ' o A A &4 o ' 9 =
LIV UIT unit cell ﬂ@ﬂu')ﬂ!aﬂﬂq&l‘llﬂ\lﬂﬂﬂ FITUTAUTAIDNH T AN Eﬂﬂﬂiﬂiﬂﬁﬁwﬂﬁﬂiﬂﬂ

59014 MWUNA crystal lattice 92]52ABUAIY unit cell HAWHURUIY

2.2 Crystal structure
= o o ) v = = ¥t &
agnvauieziiimhfouazdaduilumaon  Byuuasdiuiuiuey  unsldnyu
»
pwisdn  asviladotuezinsiafodimasnindaveseyniamieuiuee ety
~ & A4 g o 4 R = e wy ¥
szfndwedlusssunanTedunniziay uasliuaouenvewanomazuandiaiuld oz
Tumnfenanuanmaiy faddglumsdnsilasadieuswin de ywizvhund A
YDIRIUBALAUIAT (symmetry) VBINARN

<& SI=" =& = ¥ - - = 9 o
winveilsndnmauonaosia uazay 1% unit cell T8 UNTIVRmMED Td Taods

2

al

e o o
i IHsANUAUNUS

a

1315199948 unit cell TagTHunuvuvIovuAuntwed it cell Tu 3
fi& unwie 3 Bon crystallographic axes SalAIMET ATMAFI ATWT 1DY wnit cell A
wumnudi a, b, c uazIY o, By r'fJuquawiwﬁmﬁﬁmuﬂmngﬂﬁ 6 9518 unit cell i3
A muanARURnA uasusznddl 7 dnsue Fueadlunad 3 wanszil
axiidnuandu simple lattice kD primitive lattice M3 lattice point afjﬁuuﬂm unit cell (1

¥
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The seven rypes
of wnir cells. Angle @ is defined
by edges a and c, angle 8 by
edges b and ¢, and angie y by
edges a and b.

Simple cubic
a=b=ac

a=pg=7=90°

Monoxlinic
aEhFEe
w=y =00 890"

<
|

Tetragonal Ortherhombic Rhombohedral

a=h+¢ aFb+Fr g=pr=r

a=8=y=90" a=§=vy=90° w=3=y%90
Triclinic Hexagonal
a®h#¢ a=hb=

a¥ §=y =507

a=g=6ry=ix

qU¥ 6 2L onit cell 7w

AN 3 sTuLYPINER 7 wia

’7 L]
ITVUNAD mu yu #1984
1 Cubic a=bh=c¢c a=f=7=90° ; NaCl, INET, M4
2 Tetragonal a=b=#c o =F=7=90° Sn0q, Sn, TiO,
3 Orthorhombic azh=c o= f =Y =90° S, KiS0a, Iz, KNGO,
4 Rhombohedral a=b=c a=p0=7=%50° Al:03, As, Sb, Bi
5 Monoclinic a=b#c o =7 = %°8 + 50° Ca 504, 5, KCIOs
6 Triclinic azEb £ a+ f £ v 9%° | CuSOs 5H20, KeCr: 04
7 Hexagonal a=b=#c a =/ =90° v =120°| quartz, Zn
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v e o Y e EY L. . = o 2
uamdniwuil 160 Inssarafunuy primitive lattice Wed 7 uuy AwRnaINIGIITY
= e = . P ' ar = X
UagRANEINYIN 923 crystal lattice 1A8WINN31 1 uuy Awand 3 lumsei 4 T crystal lattice
A =) . . = tY = & ' 2 4 . 1)
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2.3 Symmetry
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3.1 Mechanism of Diffraction
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3.3 Powdered X-ray Diffraction
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4, Packing of Spheres
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VT 4 Blevdros configuration and other proporties ol $he livsi-row Crunsition metals

Sc Ti v Ci Mn Fe Co Ni Cu
Flectron configuration
M 457 3d" a5 34" 45" %l 45 1 45 3d° 45* 3dl® 45”3’ 45°3d" 453"
e - 3d* 3d° 3d° 3d’° 3d° 3d’ 34" 3d°
Mt (Ar) id 3d* 3d° 3d* 3d° 3d® 3d’ 3d*
Eletronegativity 1.3 1.5 1.6 16 15 1.8 1.9 1.9 1.9
[onization cnergy
(kJ/mot)
First 631 658 650 552 717 759 760 736 745
Second 1235 13069 1413 1591 1509 15601 1645 1751 1958
Third 2339 2650 2828 2936 3250 2956 3231 3393 3578
Radius (pm)
v 162 147 124 130 135 126 125 124 128
MZr - 50 88 85 80 77 75 69 72
M3+ 81 77 74 54 66 60 54 - -
Standard reduction
Potential {V)* -2.08 -1.63 -1.2 -0.74 -1.18 -0.44 -0.28 -0.25 0.34
*The half reaction is M2+ {aq)+2e —» M(s) (except for Sc and Cr, where the jong are Se3t and Cr3+, respectively)
MII9H 5 Physical properties of clements K to Zn
14 A Transition metals 2B
K Ca Se Ti Y Cr Mn Fe Co i Cn in
Atomic
radius {pm) 235 197 162 147 134 130 135 128 125 124 128 138
Melting
point (°C) 63.7 838 1539 1668 1900 1875 1245 1536 1495 1453 1083 419.5
Boiling
point (°C) 760 1440 2730 3260 3450 2665 2150 3000 2900 2730 2595 904
Density
(g/cm3) 0.86 1.54 30 4.51 6.1 7.19 7.43 7.86 8.9 3.9 8.96 7.14
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Y Zr Nb Mo Tc Ru Eh Pd Ag Cd
1.80 1.60 1.46 1.39 1.36 1.34 1.34 1.37 1.44 i.54
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1.87 1.58 1.46 1.39 1.37 1.35 1.36 1.38 154 137
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Table 7  Oxidation States of the Transition Elements

{Less Common, or Unstable, States in Parentheses)

Sc Ti v Cr Mn Fe Co Ni Cu Zn
[+
(2+) (2-H) 2+ 2+ 2+ 2+ 2+ 2+ 2+
3+ 3+ 3+ 3+ 3+H) 3+ 3+ (3+) (3+)
4+ 4+ 4+ 4+ (4+) 4+) (4+)
5+ (5+) (5+)
6+ (6+) (64)
T+
Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
1+ 1+
2+ (2+) 2+) (2+) 24 (2+) 2+ (2+) 2+
3+ (3+) (3+) 34 (3+) 3+ 3+ (3+) 3+
4+ (4+3 44 4+ 44 a4+ 4+
5+ 5+ 5+ (5+) (5+)
6+ {6+) (6+) (6+)
T+ 7+
(8+) (8+)
La Hf Ta W Re Os Ir Pt Au Hg
(1+) 1+ 1+
(2+) (2+) 2+ (2+) 2+ 2+
B3+ (34) (3+) (3+) H+ (3+) 3+ 34+ 3+
4+ (4+) 4+ 4+ 4+ 4+ 44
5+ 5+ (5+) (5+) 5+ (5+)
6+ (6+) 6+ (6+) (6+)
T+
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Table 8 Standard Electrode Potentials of the Transition
Elements (Volt)

Sc Ti \'4 Cr Mn Fe Co Ni Cu Zn
M*/M - - - - - - - - +0.52 -
M2+/M - -1.63 -L.19 091 -1.18 -0.44 028 025 4034 -0.76
MM -2.08 -1.21 -0.88 -0.74 -0.28 004 +042 - - -

Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
MM - - - - - - +0.6 - +0.80 -
MZt/M - - - - +0.4 +0.45  +0.6 +059 - -0.40
MM 237 - -1.1 -0.2 - - +0.8 - - -

La Hf Ta W Re Os Ir Pt Au Hg
M*/M - - - - B - - - +1.69 +0.79
M2*+/M - - - - - +0.85 - +1.2 - +0.85
MM -2.52 - - -0.11 +0.3 - +1.15 - +1.50 -

28%
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Table 10 Nantc of commeon ligands in coordination compounds

Ligand Name of ligand in coordination compound
Bromide, Br- Bromo

Chloride, CI° Chloro

Cyanide, CN- Cyano

Hydroxide, OH~ Hydroxo

Oxide, 0% Oxo

Carbonate, CO% B Carbonato

Nitrite, NG5 Nitro

Oxalate, CZOi_ Oxalato

Ammonia, NHy Ammine

Carbon monoxide, CO Carbonyl

Water, Ho0O Aquo

Ethylenediamine Ethylenediamine
Ethylenediaminetetraacetate Ethylenediaminetetraacetato
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Table 11 Nawes of
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Name of metal in
Metal anionic complex
Alurminum Aluminate
Chromium Chromate
‘Cobalt Cobaltate
Copper Cuprate
Gold Awnrate
Iron Ferrate
iLead Plumbate
IManganese Manganate
tolybdenuim Molybdate
Hickal Nickelate
Silver Argentate
Tin Stannate
Tungsten Tupgstate
Zine Zincaie

v
It}
fh



P o ' a0 A I y =
A9 12 ﬂ’JﬂUNﬂT‘iLSElﬂ‘D’?]?f‘I'i‘IJiBﬂ@ﬂiﬂ@@iﬁlﬁ-l‘ﬁuuﬁ&’ loaaiusesny

=Y o
msilszasulneaiaua

S
waz leasudsdon

[ N*"(CN }4 }:
Ery

[ Ag (wm,), |
[ dg(CNV), |

a— [ Co (E}’I)E] Cl

Cis — [ Cr (6,204)2 (H2O)z] 2

teiracyanonickelats (I Jon
tilithiostannate (1) ion
dianmmioesilver (1) ion
dicyanoargentate (1) ion

bis (thiosul aio) argenaie O bon

tetraamminedichlore cobali

tris {oualaio) chromate (171 ion

hexaaquochromivm 11 ion

teirakis (1sothnocyanato) cobaliare (1) 1on

pentaumminﬁSui?ﬁltOCf‘bah (10 wn
tetrakis (pyridine) platinura () ion
tris (ethylenediamine) cobalt (JIT) on
pentacarbonyliron ()

sodium hexanitrochromaie (1115

dichlorobis {ethylensdisming) plativayn (1 ) niirais

. i .
potassium hexacyanof=itate (11}

FTTN e e
1[‘ ISR TE Y

peataammine chicrecohai {3

pentaamininiss wovebatt (I} suliais

it — hydroxohis penisammipechs

bis (ethylenediamine) cobalt III} — 1 e amidc

— 4 -~ hydroxobis (sthylenediarming) cobali {TI1% lon

dextro-tris {ethylenadiamine) cobali (1) chioride

cis- diaquodioxalaiochromaie (15

293



=, day s
M4 sUnisswadavesmisilsznaulnpaiamgu

o ar ] =) ~ I'd 9 Yy v 1w w A =1 4
aslsznouTnoas Alduud azsiadnil S uaunuaindousou 1d Wnhfiwivde  tavlness
a w0 w A oA e ' = 1 o Fo w oA
aFuaeny  Falddad 2 fr 9 uelagia izwumsdizneulaees Anduntia
Tneasamiu 2, 4 wazimmnniigefio 6

- e as = L) LY & Y 1 ,4*' v oas
minmsdsenevlaeeiawdsulaimy Inessausunnusotoe WU UBYHY
- =y =3 o A LU
555us1Av011aNe, oxidation state  UDIIANE  YUAVDIBLAUA AasAtuFUNAdEN  WuAIM
Y] S48 4 9 cj ol A A o = 1
azaodde Moz liluasdsznouiiliyUnsusvirginiatios Taolinsfegaszninlany
- o o a T Y o
uaraunualInilga vuzifeInudoluswantaengan e
P Aa S @ b 9 h
sinswrnndaiadesfgavesmsissnouilimuTaeoidnduan 9 Tduaaaldluais
= o 3 - A da o ke = A o 9
w13 muldhasdszeeviianTnesiamdy = 2 du Tpinsusadailunupiduas
. ¥ A o a = ~ ke =)
(linear) SitavInpaiaudy = 4 mslszneuvziiginsasvindiala 2 wuu o wuuszU
9T (square planar) UAZIULINGIANT (tetrabedral) dauasilsznevifimulneaiiuiu =
MU = & o @ ] o & ol
6 udldmn@gfauuunswdantn  (octahedral)  dedavaianslsznouInoes A Fuill

sUnsasadanuudie 9 Tdaadliumnad 13

15 lelauesussmsilsznevineadsamiu

a ' e o r o3

TumsAnifeplnsamasnintindn 9 vesmsdsgnovlaeeidmdy  wuhilmadily

Tl ldunadmilimalunsidunudeedasndrdovsovlanznane Fondufinilsingnisalle
g . . 4 A g g a = 1A a 1.4

Tanwo3%y (isomerism) 41 msdsznouiiluloTuwesd fuaziigas Tnanafu@ariuuaiingg

ar ol t

SaFposaauaaiuuazinogiiauiamamenInuaz maniaany

224



.:; = = oy da a tow
A1319N 13 Eﬂ‘ﬂi\ilﬁﬂﬂ‘ﬂ..!WUEN'lBEJBH!fN"HBN'ﬂ‘&.ltaguiﬂﬂﬁ)‘jﬂm%’uﬂ'ﬂﬂﬂ 2.4 unx 6

aulnoas Ay Taseada F1o8h3
¥ - +

2 iunss O—@—O [A2CL] . 1AB(NH ]

. [FeCl,]” N
[CO(py)4]
NiCl 42-
[Co(OH), 1%

4

INI(NH | 2
[PICL ] 2-

2+
[Cu(NH ] 4]

[Com 93"
[Fe(CN | 4-

[CrNH 3+

B
9
i



= o’ 1 o3 [ o
Yo Twwas luansdsyneuinossamduiniseenil uaewun vy fe anfnned lolswes (stwucture

-1 o . A ] [ [ et o o o
omers) UATTINT s-’f]ulﬂicmfﬂei (stereolgomers) Faudazuvudados 1adnamuun i aail

1 L'd o o
laTamuesvosasdsznonlnvosauyu

i wadmaed lalames . maslolelwues
u ar s 5 o . . . . = = o o
o2 1YY 181"15&11@5 (ionization 1S;mer) II.1 %ﬂﬂlilﬂ‘iﬂﬁhlﬂicﬁmﬁ]i
12 “!zms%‘laimmf (hydrate isomer) (geomeirical isomer)
s dn e 7 . & w o
15 Taoasantulelwmuei (coordination isomer) n2 soldidalelnyes
14 danatelmuof {(linkage isomer) (optical isomer)

= o ar o
Twduias lsmsiu loTawos (polymerization isomer)

o

'd cqw PR Py
T :-’ma'iﬂ a3 ’miliwﬂa‘uﬁmu"laTcmua%3"!n_lUuLﬂumiﬂﬁ“’nawﬁmmuﬁuﬂﬂ

s i oY e L= A d
Ty dUman ety 5 wladail

T = ¢ 9 @ 7 o ' a TR
“"ﬁ'.ﬁaullﬂlﬁlﬂli’ﬂi n.luﬁm‘iﬂm'e:)i”lﬁﬁcm.;uai‘wwuﬁwiwmniaﬂwuawmmuﬂmqﬂu

@géuaﬂmwumT(ﬂaammmu ﬁ’mﬂm‘m

[ Co(NT), Br |50, wax [Co(NH), SO,] Br

3/5

o
1

B o o EE o = o w
lo lyniad Hage sl a1 u e FIaImUAHY

[ L4 5 1= o
s o lonio] Sluaaimnedlelaweinadosylove luadulo lowes  uaaunus

=] o Al

wisinilnudasie o {H,0) dwieiamsu

EC}" (#,0), C, ]Ci. 2H, 0 ST
[Cr (1,0), Ci }sz‘ H,0 Furouih
[Cr(ﬂz 0), ](‘! i Wudu

o

Guifie i"]“”‘"‘ﬁ il fmﬂmm"”1@%1&11ammmmumﬂmmmmule@ummuﬂuﬂ

’fL

296



A4y

[Co(!‘\hﬁg)5 NO, ]C!2 (@A) uaz [Co(NH}JS ONO ]C!2 (Fuas)

DNFIDENITY
cis — [Co(rrien) (C N)I] *ouaz cis — [Co(trien)(NC)Z] +

o

A w ) o d et v w ' a g
Tanaiamdulolswes  duadnosilolmuadnbaunudaisdnlunda: TooeuEadonu

. ' o A
guaulsznnais g dail

n. Uszinniitl lanz losoumidoniu 1w

[Cr (NH,),] [Cr (SCN),] une
(Cr (NH,), (SCN),] [Cr (NH,), (SCN ), |

4. Usznndi lans Teeaudaiaiu 1wy
(Cu (NH,),] [PICL] waz [PHNIL),] [Cu CL]
f. Uszinniiauannmatlund lanza AL

[Pt(NH,),] [Pt Cl]
ietaamumine platinum (II) hexachloroplatinate (IV)
waz [Pi(NH.), CL] [PtCL]

tetraarmmine dichloroplatimumn (IV) tetrachloroplatinate (I1)

Twdmadisovulolamas  dadlulelxwenfion  dissnnensisznoviigasonlngdin

aduRy IRy udﬁﬁmﬂ'ﬂimaqacﬁhaﬁ'u A7pda
L [ Co(nay), (NOy), || Co (NH,), (NO,), |

2. [CO(NHs)s][CO (NOZ)ﬁ}

297



3. iCo(NH3)5 NOzl[CO (NH3)3 (N02)4L
1. | Co(Nt,), || Co (MHs), (NO,), |
« [entvm (0, ], o0,

6. [ Co(nt), 40, | [ Co(NOy),]

s -~ v d
erlsznauiannd il dganennd fadlu Co(NH,) ,(NO,),  usditimin
imﬁf}ﬁh'ﬂﬂﬂ‘j]@]’ﬂ‘jmuulW?ﬁﬁﬁj‘Ll 2,2, 3, 4, 4, 482 5 Iaudday
a o &l o o1 s ow
aailnlelawas  dlulolwwesnasilseneidunud uavedlneadamuduiviiou

o Cr a W oA . sq el s f e o
Aus neasfuNnTIaE oaaunud I nue ladlugoanuudail

= =~ = e o = e ] o o = A A a ' ¥
dopwmidalolmuei WuamsloloTuwesilinisdadmwostunuag imilounuagIng

o

<§ s '

oy ' Lo P ] v @ a o el w
FuBondn cis- lolawed @ wans - ToTmweiinsdadruoidunuag imiourusgasain

fw dredhanand iyl 3 Faflumsdsznomnnmsesyuieaia  dumnlizneu

3/
W A

uounsatani lduaadilusls 4 TaonaldudaloTsweswes cis - uaz wans  Hlsindl

suifmamentmmemaniiuanaedy gy 8, {auaowmad, lalwaluwud  aasaiu

dfazoaiidneg

HB N Vi Cl ['g N
\ - / \ ) /
}E\*/ \Cl / \ cl
@) HN (v
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Figure 7 Complete set of d orbitals in an octahedral field. The e, orbitals are shaded and the

1,, orbitals are unshaded. The torus of the dz, orbital has omitted for clarity.
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Figure 8  Splitting of the degeneracy of the five d-orbitals by an octahedral ligand field.
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Figure § Complete set of d orbitals in a cubic field. All eight ligands produce a field % as
strong as a corresponding octahedral field (see Fig. 8). Either set of four
tetrahedral ligands (O or ®) produces a field % as strong as the octahedral field.
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Figure 10 Crystal field splitting between d orbitals in a tetrahedral complex.
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Table 14 Relationship of wavelength to color

Wavelength Color
absorbed (nm) observed
400 (violet) Greenish

yellow
450 (blue) Yellow
490 (blue green) Red

570 (yellow green) Violet

580 (yellow) Dark blue
600 {orange) Blue
630 (red) Blue green
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WHANWATOTUBIEUINNAN (Crystal Field Stabilization Energy, CFSE)
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& a% @y high spin & a4 iy low spin
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Exercises
for
Transition Elements and Coordination Compounds

Write electron configuration of the following atoms and ions:

V.V, Cr™ Ma®™, Fe* Co, Ni*',Cu*

Give the type of magnetic behavior for Co® , Ni, Ni**, Zn.

The statement has been made that the chemistries of zirconium (At. no. 40) and hafnium
(At. no. 72) are more nearly identical than for any other two elements of a given group.
What accounts for this similarity?

Explain why so few transition elements have +1 oxidation states and list those which do.
Which is more powerful oxidizing agents, Mn™" or Cr’*?

o

Given Mn' +e& - Mn” E = 4151 V

Reduction

©

Cr* +¢ — Cr"  Frawe. = —041 V
Given that a complex ion contains a chromium (IIT) bound to four water molecules and
two chlortde ions, write its formula.
Indicate the oxidation state of the central metal and the coordination number of the
following complex ions:
[cuBr1 ], [CoBr(C,0,),]", [Fe(CO).]
[Prci,] |7, [or (NH,)(CON], [Fe (en),
Arrange the following compounds in order of increasing molar conductivity:
@  K[Co(NH,),(NO,)]
®  [Cr(NH), (NO,),
©  [Cr (NH,)(NO],[Co (NO,),],
(d) Mg [Cr (NH.,) (NO:,_)S]
Based on the molar conductance values listed below for the series of platinum (IV)
complexes, write the formula for each complex so as to show which ligands are in the

coordination sphere of the metal.
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10.

11.

12,

13,

14.

Complex Molar Conductance (£ ~')of 0.05 M solution

Pt (NH,), Cl, 523
Pt (NH,), CI, 228
Pt (NH,), CI, 97
Pt (NH,), CI, 0
K Pi(NH,) Ci 108

Sketch the structure of each of the following complexes:
(a) Cis -[Cr Cl(en),]"

®  trans -{Pt(NH,), CL]"

©  [Cd(en)X(SCN),]

Name each of the complex in exercise 10.

Write formulas for the following complexes:

(a) Potassium carbonylpentacyanoferrate (II)

(b) Diaguo tetrahydroxoaluminate (III) ion

() Tetraamminebromochlorocobalt (I1IT) sulfate
(d) Aluminium tetrachlorcaurate (IIT)

(e) Hexaamminenickel (II) hexanitrocobaltate (ITT)

(fy  Tri- ¢ -carbonyl bis (tricarbonyl iron (0))

Write a formula for an example of each of the following:
@  alinkage isomer of [Cr (NH,);(NO,)] Br,

(b)  an ionization isomer of [Co(en), CI (NO,)|NO,
(©)  a coordination isomer of [Co (en),|[Cr (C,0,),]
(d)  ahydrate isomer of [Co (NH,), (H,0)|(NO,),

Select from Figure 1. the pairs of (a) Geometrical isomers (b) optical isomers (¢} identical

structures.
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Figure_1.

cl NI, cl al
Y M HN ci }th al
en
BN 1 N a NH, BN NH, KZ::ZL
o (;Hs NHa al
(i) vy
( ™ o n 4
A -/
¢ al A cl cl
| » ; u_|
) (vi} (vi1) {viii)
15. (a) [.Pt (em) (NO,), Clz] has four different isomers.
Draw the structures of these isomers.
) The above complex alse has two optical isomers. Draw the structures of these
two isomers.
16. Draw the crystal field energy level diagrams and show the placement of electrons for the
following complexes:
(a) [Mn FS]% (a high spin complex)
() [Rh (NH3)6]3+ (a low spin complex)
© [mc]”
17 Explain why many cyano complexes of divalent transition metal ions are yellow, whereas
many aqua complexes of these ions are blue or green.
18. From the following complexes with their 10 Dq, arrange the following complexes in order

of increasing CFSE:

@ [CrE]", 182 K//mol
(b) [Cr(NHB)E]”, 258 kJ/mol
© [MoCL] , 230 W /mol
@  [RA(CN)] . 545 KJ/mol
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19.

20.

Which of the following hydrated cations are colorless:

SC3+

2‘V'
+ 2+
taa) > Cugy - Ct oy, Colp) ?

{ag) > (ag)

2+ 2+ 5+
Liagy > Ciagy Viagy
Explain your choice.
The value of 10Dq for the [Cr F6]3_ complex is 182 &J/mol. Calculate the

expected wavelength of the absorption. Should the complex absorb in the visible range?

(658 nm),
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2 HZ(g) + Oz(g) —> 28,0y + energy
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3. Enthalpy
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Heat apsorbed

E by the system

E from the surroundings
=4
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ZHZO(I) —> 2H20(g) AH = 838.0kJ
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@199n 1 aaudous umizveamIu1Tiie

M3 anudeusume ¢ /.°0)
Al 0.900

Au 0.129

C (graphite) 0.720

C (diamond) 0.502

Cu 0.385

Fe 0.444

Hg 0.139

H,0 4.184

CoHs0H 246

-

fusmrumanuieus wznezdsinavesns uaznmummsilsouulagungl

£l

A3

Py o =4 o & &
POITT (A wvlsuuanuiou (q) naanau mamﬂaaﬂuﬂuﬂ'ismum'iuuﬂ ‘lﬂ

auman lanananuiesuin feuuilaine

q = msAt
q =Cht
At

minlfsundasguvigl

tfinal - linitial

faveamIfnun A 466 g sample of water is heated from 8.50°C to 74.60°C. Calculate

the amount of heat absorbed by the water.
JINAUMT q = ms At

= (466 g) (4.184 I / 2°C) (74.60°C - 8.50°C)
= 120x10°J

= 129 kJ ({(endothermic process)
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A70019N1TATUIN An iron bar of mass 869 g cools from 94°C to 5°C. Calculate the
heat released by the metal.

NAUNT g = ms At

(869 g) (0.444 1 /2.°C) (5°C - 94°C)

- 34354 1

il

- 343 kJ (exothermic process)

4.2 Constant - Volume Calorimetry
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isolated system uaz1nmin hiflanudowdh liviossnnnszuneeaanszuaums 519y

o 2
Weyldh
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9system = dwater * Ybomb * dreaction = 0

awfouiiasuulasvonh

Ywater =
dbomb - ardauiin/Beuntaves bomb
] dreaction - anndouiinlfnumaswes§in
A Yreaction = - (Qwater * bomb’

T ] ¥
anudeufindomnlasvenimidnn
Gwater = ms At
= (Mypep) (4184 1/8.°C) At

anudaufintaounaives bomb mlden

I

9bomb Chomb At

Mpomb Shomb At

Fwmiudmgnrdeures bomb sxilumnafidmiunansnaaedinszily bomb

calorimeter 511‘?:

HINEYIR) (o nUfiGely  bomb calorimeter Lﬂuﬂﬁﬁ?mﬁ;ﬁﬁmﬂiﬁ'ﬂ?mm
AR nusundimaudouiinfounlas Satlasmanlfeounlas
ounail | AR, wezaunsovzud luaianas 18y Al 18 uda

L= - | g 9 iy
LAAFIUNRER AU UMY

fotam A A quantiy of 1.435 g of napthalene (C1oHg) was burned in a
constant-volume bomb calorimeter, Consequently, the temperature
of the water rose from 20.17 °C to 25.84°C. If the quantity of water
surrounding the calorimeter was exactly 2000 g and the heat
capacity of the bomb calorimeter was 1.80 kJ / °C , calculate the
heat of combustion of napthalene on a molar basis ; that is , find
the molar heat of combustion.

¥ A gd S .
wanuseunnlasuinlasueninas bomb calorimeter

q = ms At

Qwater = (2000 g) (4.184 1 / g.°C)25.84 °C - 2017°C)
= 474 %104

Ibomb _ (1.80x 1000 7/ °C) (25.84°C - 20.17°C)
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1.02 x t0tJ

Yreaction = - (dwater + 9bomb)

S(@74x104T7 + 102x 104D

-576x 104

.". heat of combustion U494 napthalene 1 mole wwmldnn

Jreaction

molar heat of combustion -
$17uTuau04 napthatene

1,14. 994 napthalene

971424 TwaU94 napthalene

molar mass of napthalene

1435 g
128.2 g /mol

0.011 mol

_576x 10%J
0.011 mol

molar heat of combustion = = -515 x 10° T /mol

-5.15 x 103 kJ / mol

HHELYA 2XHIAINDWIAIWFOUYDY bomb calorimeter 1RDINAITHIATTANT WA
«or Ed
anufouveamsmn Indudy vimnavesas uazmeuvalifidfiniy szdunumdwng

anufouwna calorimeter 1& Un# 9219 bomb calorimeter Tumsmamasnun ldnnemis

4.3 Constant-Pressure Calorimetry
gnsalten WiFiannufeuvenlfnsedun venmilannlgdoniam lud o
. a o LI 9 9 5t @
constani-pressure calorimeter @1MN1509AM89 a0 Mnnsldaaeldy 2 T Faudua
= o s o o > = o B =
U7 6 dwluuemihmihidunuiuiuszuunndunedon msazmeinsulinasves

L]

¥ [] v
nmuaeriaigunglivosiy sswouiuly  calormeter tazvnywioufignganiu
3

kY A4 aac 8} o el o 2
ISTREFE-S131 ‘HSﬂﬂ1EJE]T’JmJ1%1ﬂﬂ§]ﬂ3011ﬂﬂ1ﬂﬂ1iﬁﬂﬂmﬂﬂiJ‘IﬂI.WiJ‘lI'LI
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Thermometer

Styrofoam cups

;i,‘ﬂﬁ 6 constant-pressure calorimeter HUUE
5
Calorimeter Uil W iamanudoululfisondnn Tdnameviia wy anuiouves
Aana =3 R . " . ¥ =
ﬂgnimazmunm-mﬁ {(acid - base neutralization reaction), ﬂ’!”l‘l.l‘i’e)l!‘ll’t‘ldﬂ”lilﬂﬂtﬂuﬁﬁ
£8N0 (heat of solution), AIWEBUYBINTVONNATALAI (heat of dilution) Hludu was
A o o Py - T =] ans
flesnrvihmanaassneldanizanuduasi anudeuin/feuunladlulgiie (heat
. o (- B - [} o 3 & o ar =
of reaction) MziMIAUMIIWRsuIlasueuewEl] , AH , drumsIalunihanyaiziae?
1) constant-volume calorimeter ABITIABINTIWAIGAINTOUVDY calorimeter tDZABUNY
nfaey Wvesmaazaes msun 2 Aludedeveulfse 1dwedinunlaeld constant-

pressure calorimeter

t o ana Ao Y o =
AN 2 ﬂ?']‘l!i'E]uilﬂﬁ‘lj;]ﬂ'iﬂ’!ﬂ']ﬂﬂ'lﬂclﬂﬂ'nuﬂUﬂﬁ'ﬂ

riaveulfnse ERLIAR AH (kJ)

Heat of neutralization HCl(aq) + NaOH(aq) -2 NaClq) + Ha0q) -56.2

Heat of ionization HyO() —> H+(aq) + OH (aq) 56.2

Heat of fusion Hy0() —> HyO(yy 6.01

Heat vaporization HyOn) — H0(y) 44.0 ('?‘I 25°C)
Heat of reaction MgCly(s) + 2Na(y —> 2NaClgg) + Mgy -180.2
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fa0819015AINIM A quantity of 1.00 x 102 mI of 0.500 M HCI is mixed with 1.00 x 102 ml
of 0.500 M NaOH in a constant - pressure calorimeter having a heat
capacity of 335 T/ ®C. The initial temperature of the HCl and NaOH
solutions is the same, 22.50 0C, and the final temperature of the mixed
solution is 24.90°C. Calculate the heat change for the neutralization
reaction.

NaOH(aq) + HCl(aq) — NaCl(aq) + Hf_}:O([)

e hiflnrwiougodeliiudunadon

Ggystem = Ygolution * Ycalorimeter * Yreaction = ¢

Qreaction = - (Usolution * Ycalorimeter)

A & 3/ o ° y 4 ¥
mmmmﬂummzmmﬂama mi]'I.'uﬂ:nmaumnwmmzm']wmuuumaamml%"'lﬂ

dsolution = (1.00x 102 g + 1.00 x 102g) (4.184 7/ £.°C) (24.90 °C - 22.50°C)
=201x1031
Q O o
Qealorimeter = (33577.50) (24.90.°C - 22.50.°C)
= 804
¥
MY Greaction ~ - (201 x 103 T+ 804 T
= -281x103)
= - 281 kJ
unlyaves HOG  =1.00x 102 x 103 1x 0500 M
= 0.0500 mo}
.". heat of neutralization - 281 —56.2 kJ/mol
0.0500 mol

b. Standard Enthalpy of Formation and Reaction
VNATWANTUE AH = Hiprogucts) - Hereactantsy 11101092111 AH  1dnms

3 {1{ 3 w Al Y s o ow o 4 Py o t 1t

Anna S mauduewialiniswewmdaduuazasdwduynds  uds lii ez
ar o ar =] s ] a 4 4 ] 3
duysalvousunatlvesns 1 weensidflsesinSeouifienfumsadiismustiuminiy
wwdsdumingiimeans lisansouenanugeiiuieweigunld uennaszuenduanuega
A4 o w o ¥ ° ¥ o PO 4 = o L oa w
worouduszamimea  Taedmualnszauanuganssdnimzadlugud  miwdeadus

9 [ *
aouiatl il Idanassmuamdraddiiunamit S sudeuduaneuialitug  mdesa

¥ ’ 1 1
W1 (59071 standard enthalpy of formation, AH:, Faflanumimeinilunnudesdinldeu
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mlas e 1 Tmmmmiﬂsvﬂaunnmwwmmnﬁmmﬂﬂ‘a"ﬂaunmmﬂu 1 wIsenma i
AT UTTEIAIAL 11792047 standard state AowiatiAfefeSuily sandard entmalpy
waz 14 superscript LWBLLﬁﬂdﬂlﬂum‘YMWﬂﬂTH standard state {1 UTIUINIA} A subscript f
W19AFII formation. uazis N i muAmouHgives an? 137 25°C

AMUAIAAEIAY AH? AfD szmTednieuiaiienliasen’ld dmsua

o 1 1 ¥ S B ar 4 d
AHF 917998713 ﬂTLﬁnJ‘IJQﬂiUW@‘H‘HHQL’lJH
aA +bB —» ¢C +dD

lﬁ’f] a,b,c,d fd]l’él stoichiometric coefficients ﬁWﬂﬁﬁ?Uﬂﬁﬂﬁﬁm’m standard state ALHIA1

standard enthalpy of reaction, AHZ, , @9
AHS =[c AH?(C)+dAH?(D)] [a AHZ(A)+ bAH? (B)]

/_\.Hfm =en AH?(pmducts)f em AH?(reactan ts)

. . - 3 o a0 W o
m,n = stoichiometric corfficients YOITITAIAULASHAANMUN

= sum of

v @ 1 1 g a =

Aatiu vgmen ARG, Tdanar A wssmailszoey Fuiludeyaiminmi ldsusuenT3uda
¥ e 19 ' ALO i 1 e oo 3 ¢ e e

nndeanasiiuiu dvuald Al vessglaq luanwiedesaziinuilugud dedumu

Tuanasendauiy o low 0, ANUEiesINNN O3 HANUAY | UTTMA tag 25°C Aatiy
AHF (O7) =0

AH? (O3 # 0
° = @ s o o o E ' =
Tuimeadarm ung Idddluresuresms veuadesuanINAYSR 1 VT58IA Lag
o o &
25°C Ay

AH? (C!graphite) =0
AHY (C, diamond) 0

= i v i3 =) . 2y
Fmsfgnm aH? astszaeumld 2 uuy Ao3ENWATY (direct method) HAz TSN

(indirect method)
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5.1 The Direct Method

iy & 9o i o P & @ Y

Emstazldtuenlszneuicmsadunnzdiuinnnsigesnlszneuvasiv g
Mtuty S1dpansma AR (O mduiludesiasueunailve i :
A0 adeanis 2 (COy) 369 Crgruphite)

= = & =
1a¥ Oy N standard state (Fou11hilu €O, # standard state

Cegraphite) * 02(g) ~ —> COp(g) AHpy, = -3935 kI

Ugnsondeun aunsofeas lilodwauysel azdou1dn
AHS, = (1 mol) AHP (COg,g) - [(1 mol) AHE (C,gpappge) + (1 moly ABY (Og )]
= - 3935 kJ
WA AH? (Copraphite) H8E AH? (05 gy Tenuilugud
W AHf { ,graphue)g @ f ( Z,g) i
AHY, = (1 mol) AH? (COg,2) =-393.5 kI
Wufo AHY (COsg) = -393.5 k] '
4 . -y ° A a d A d s o =
A mueld aH? woam g luamwiidesi sandard state Dauthugudiiy ozl
waaamsfIuaveus At la sdaunluguumil siaules AH mszaunsamn 1dainms
ET v @ ar = ul 9 s o < o s 9
neaod Twvasiluanunsomiduyrsivesauniall 14 msdmua a2 vesspilugudozyin i
¥ ¥ ]
msdnnaheiumniy  wwRnfuimsnsauon IWaue g Everest  srgandn  gan
, 3 dyl 1 ° Y A [ :’ [~ = =
Mckinley 8708 o et lurusazimuaidaugafiszduimsaitiu o danse 1000 Wa Anu
dmiuensdsznauiue WA I8 ludnuazi@oadulaun SFs , P40 , a2 €Sy mumsAlaag

Qs o l; s
ﬂ'!ﬁﬁ\uﬂ'ﬁ'IEHET']’J'ﬂ’iEﬂﬂ‘]JLT‘ia'm\lﬂLLﬂ

S (rhombic) + 3F,(g) —> SFg(g)
4P (white} + 509(g} —> P4010(s)
C (graphite) + 2S(thombic)  —> €Sy

Ea o 1 I Y
#4il S (thombic) Uag P (white) Aodosufiatiosves SPA 1 vsseine uaz 25°C dniudl aH?

o oo d
ﬂ.lEN'JJ‘LH]EﬁJﬂH‘lJUﬂHEJ

5.2 The Indirect Method
o oy o e s o 0w
tmsdszneunatsdn W higmnsoduasziiunannsgoadlszrovvesiuld  Tuan
nstilgfsorenaialddnnn  nienalfisednufoair i ldms s neudrbudgsa T lgadie
] !
L=t ey Y 1 Qs
faents duthuguil wdaaldiEmedanlumsma an? Tasldmdnnisued Hess's law of heat

) = n oy = PY 4 o A4 =% o PN 1 o
summation "']Nn]ﬂI,‘F'IEJHJEJ‘L[Il’ﬂulﬁ]ﬂﬁWiLiﬂdﬂlﬂﬂLﬂN LIAWATNIAALTULBAN N BULAY
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Hess's law : When reactants are converted to products, the change in enthalpy is the same
whether the reaction takes place in one step or in a series of step.
@ MW ] aas = 3 r & o s:’
‘L!‘Hﬂﬁﬂ'lL‘iTﬂ"liJ"I‘a'ml‘]J\‘l‘lJQﬂ'Sﬂ’l‘l’lﬁui‘i]ﬂﬂﬂlﬁumuﬂﬁuﬂﬂﬂﬂ FITWITONT AHy VSIUVU
1 ] n‘; o r @ San 9
apudeoudaziuaou1d Hezmidr A vealfnsersanld
as i t ' ar .
AIDEUFY t’fﬁ’mmsmm AH}'(CH4) !.‘i'lﬁ]"l‘i]‘l]?il.“?]ﬂuﬁ‘llﬂ1‘§lLﬁﬂQﬂT‘iﬁ\ilﬂiWS‘ﬁﬁl‘ﬁuﬁ”lﬂ

M 4
sgoenilzney ladeil
C(graphite) + 2H2(g) — CH4(g)

ualuanthueTud Ugasoes lidhi Tawidon 3aldaunsond Al veulFaznTavase

14 udazvn 14811895 m 9o 910015 1F Hess's law

(&) C(graphite) + Oa(g) —>  COxE) AHL, =-39351]
(b) 2Hy(g) + Op(e) —>  2H00 AHZ, =-5716K
() CHy(gy + 205(g) —>  COu(g) + 2H0(1)  AHY, =- 8904 kJ
@ CO(g) + 2H,0(D) —>  CHygg) + 20y, AHL, = 8904K)

¥
@ o s W o o @ 1 @
ATUTAMIIUBIAUMT (<) IWINZADIMIHANAMNIIL CHy 1&g @) Tusiolhih

AWM (@) (b) #az (d) IV

(a) Clgraphite} + Oy(g) —> COa(g) AHL,, = -3935K)
(b} ZHo{g) + Oz{g) —> 2H,O() AH;xn = - 571.6kJ
(dy CO,(gy + 2H,O0; — CHa(g) + 200() AHL., = 8904 k)
(e) C(graphite) + 2Ha(g) —> CTHA(E AEL = - 7T

aunT () Aoaunsuanamsdunsizd CHy 1 Tua mnsgesnllsznou

¥
o @

AduU  AHF (CHyp = 747 KkJ

7] 3 =¥ 3/ ar = ey = a d‘. é‘l o [ kY = =
ﬂaniumﬂ‘ﬁ Hess's law ﬂﬂa%zﬂm%ﬂﬂgﬂimtﬂﬂuaﬂumxw LHBDUNMTINNUUDTY SUNDUN
o ¥ W A o g a o odw o4 &
‘Hﬂﬁ"IQﬂu‘HlJﬂ"lﬂ lﬁﬁﬂlﬂ“’]ﬁﬁ’]ﬁﬁQﬂulmzﬂaﬂﬂm“ﬂ“ﬂﬂﬂﬁﬂ'ﬁiuﬁﬁ]ﬂ'}‘iiquiﬂWuu GIfQGluﬁ]\iﬂ'iq

9/ oo o & A 3 . d‘
'E]'ﬁ]ﬁﬂﬁﬂmﬂ gnauiy ']\‘Iﬂuﬂi@ﬂﬂﬂgﬂﬁmﬂﬁﬂ coefficient VUHUEEL
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M71991 8 Standard enthalpeis of formation YesaNIBIUNIIUNTIIAT 25°C

Substance AHG (kJ/mol) Substance ARG (k)/mal)
Agly) 0 H.0,t0) —187.6
AgClis) —127.04 Hg(h 0
Al(s) 0 L(5) o
ALOs(5) —1669.8 Hlig) 25.94
Bra(/) 0] Mels) 0
HBr{(g) ~36.2 MaO{s) ~B018
Cleraphite} 0 MgCO4{s) —1112.9
C(dizmond) 1.90 Na(g) 0
COg) =110.5 NH;{g) —46.3
CO-(g) 3935 NO(g) 90.4
Ca(s) 0 NOy () 33.85
C30(s) —635.6 N.Oufg) 9.66
CaCOuis) —1206.9 N.O(g) 81.56
Cla{g) 0 O(g) 2494
HClig} =923 0s) 0
Culs) 0 05(2) 142.2
CuO(s) -1552 Strhombic) 0
Falg) 0 S(monoclinic) 0.30
HE(g) —268.61 S0-() —294.1
Hig) 218.2 SO;(g) —13952
Halg) 0 H:S(g) —20.15
H.0tg) -241.8 Zn0(s) —347.98
H>OH) —285.8

AIDENIN TR From the following equations and the enthalpy changes,

(a) C(graphite) + Op(g) —> COy(g) AHp,, =-3935 K
(®) Holg) + % Ou(e) > H,00) AH, =-2858 kI
(©) 2CoHo(g) + 504(g) —> 4C04() + 2Ho0() = - 25988 kJ

Calculate the standard enthalpy of formation of acetylene (CoHy) from its

elements : 2 C(graphite) + Ho(g) —> CoHa(g)

esnnTuaumsgame mdsansdiifies ¢ , By, , i, dufudesiidamenduq Tuaunis

(@) —> (c) sen'hl

NALNANIUDY

()

(@) 4C0Ox(g) + 2HxO(l)  —> 2C5Hp(g) + 502(g) AHL, = 25983 kI

(a)x 4 —> (e) 4C(graphite) + 40a(g) —> 4CO0x(g) AH;, =- 15740 kT
M x2—> () 2Hy@E) + Oy(g) —>  2H0() AH,, =-571.6 kI
@+ (D  (g) 4C(graphite) + 2Ha(g) —> 2CHa(g) AHL, =4532 KJ
g+ 2 2C(graphite) + Hy(g) —> CoHo(g) AHL, =226.6 kJ

uazezldin  AH; (CHy) = 2266 KI
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6. Heat of Solution and Dilution

6.1 Heat of Solution
A o o @ o W = Y A W o
daiendgrazans wazavludahozae dnezdianuiowioates wasiam
ald Weanudundi Usinuanudouin/feuumlasesiisuiiy AH
AdouvpIEIaLaI0 (heat of solution 3D enthalpy of solution , AHgyp) D
snaamudoudildesnn  wiessndwdliledgnazmmBwnanimua  azawludnh
= P g4 o A ] ' o = PURY
avmolfinafidmun uas AHy, fAeauewialiiuandiesenin wuallvesmsazanonld

FueuiallvowilsznouGuusn Al Agnazans uazdhazae AeuNazHauiy LaIFURYD

AHgoln = Hgoln - Hcomponents

2 v 4 ¥
Funszuaumsdug imeen ldimme AHgy, vindu vazed lddanszuamumsganau

auiou (AHg, > 0) UAZRIZINUNIAIAINTOU (AHg, < 0)

aeafinnsan anwdouvesasazans dadignazmaiiumsilsznenleeeinuez

v 9 2

oy [} uw = i o =1 9
Fvhmzaneie wunsazeeues Nacl Juin annlad Nacl Wluweands Nat | - gndutiall
' 8
¥ ar . ' o o ) L)
Z16fuée electrostatic force nAMIENANENY Y81 Nacl azawluii Tassairemuiiavedlsoon
a r L] r 3 =
gnhmwasilumizudes wazloeou Na* , c srasaniiuleseuoglumsazme’ldimgzil

Ed 1 ¥
suashsmifuTumanavesni gz 7 anwsuiisanlesewsdludnimily hydraced ion

gﬂﬁ 7 Hydration process of Nat and CI” ions.
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-Iciayévo 9 o
14

@ : :,’ X @ =g 8 g ¥
Athhihmhimilsutuduauinldih  mszluanavenihaviulessundaziiiliihlna

E
o a o Y o
ﬂuﬂﬂﬁ electrostatic force DARA ﬂ']”lﬂ%’ﬂu‘llﬂﬂﬁ'ﬁ'ﬁgﬂ’lﬂ‘i]zuﬂ']llulﬂi]"lﬂﬂﬁz‘].i']uﬂ']ﬁ'ﬂﬂﬂﬂ']ﬂﬁ
H,0 + - _
NaCI(s) ——=<—> Na (aq) + 1 (aq) AHgqn =7

2 1 T
weazawmslsznouTeooiin Wy Nacl Tuh wifaduasiinfidudouszwivdgnaz-

l‘ }4
afuAhazan uAswIzinTadw hinsPamsazme ey 2 uaeu dall

Wupeuhi 1 Nat uag O 11 crystal lattice 493 NaCl gnugnesnniuiiulesonluannzuis
¥ b

@ ey Y w = W A o a ar Y o
‘Uuﬂﬂuuﬂﬂﬂtl‘]ﬂlﬁﬂﬂ'lu lmSWﬂQ\ﬂu‘ﬂﬂﬂﬂﬂl‘]ﬁ 19 WANULAANY LaZ WRINTULaANTsUDY NaCl U

1 788 kJ / mol
energy + NaClgg) —> Na"'(g) + Cl'(g)

feiridaaliwdaan 788 ki Tumsfieeiie Nat uaz €I 0809 NaClgy 1 Tura negluannzufia

@@5:3
e O ¢
0©@%

Na® and Cl7ions in the gaseous state

®

@ @ Heat of soluti
" @ . cat of solution
®@®@ AH_ =4 kmoi

Na* and C1™ jons
in the soiid state

Hydrated Na™ and CI™ tons

1R 8 nIzLIUMSRASITaza8YEY NaCl
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v
[

Fumeui 2 Natg uaw Cregy whlilnh uazgn hydrate ol Twianaveniundeuseou
+ - H,0 + _
Na'(y + Cl(gyy —%—— Na'(aq) + Cl(aq) + energy

o Sy a PV | v ) & &
wwnali/aounalunszuaumslamidu Goadh heat of hydration (AHpygy) Fe9ziia

Auaudmsuuaaleseuuazuouloosu

11 Hess's law 119 921001 AHgoy, Hunasouvesndsnuuaaiio fy Al g 1109

NaCl(s) — Na*(g) + CI(g) U = 788 kI
Na*(g) + Cl(g) o, Nat(ag) + Claq)  AHpygr =- 784 K
NaClgg) —> Natq) + Clag) AHglp = 4 K

3 .
L |

¥ '
doludle Nacl 1 Tua azaneluih ezlinsganfunudeunndunademd luIuszuy 4 k1
- = o 4 v a 1 4 (d 4
awugussyensazmeziuaydndes e 4 uaasmanuieuin/dnualauiioms
Ty ) 3’ 2 3 1 = = 4 ‘:’
Asznenleeviinunyiinazawd  Feuiuhmsiszaenlsestimnariiadioazmotiudn:
‘¥ ¥ a o qw 4 o & 4 o sl
Tranwdsusenin wazinaridar ldnnubunatiy - Funewsodssgnadsingmsaiiinly

‘ I 5 5
Tumamaunng Tasdbwnldly Hot Packs 1@y Cold Packs sielddluglngal first-aid

maeh 4 anudouvssansazansvasmsilsznou leoaiinuniia

mslsznoy AHpn (kJ / mol)
LiCl 371 |

CaCl; ) - 828 J exothermic
NaCl 4.0

Kl 17.2 ] endothermic
NH,4CI 15.2 .

NH4NOj 262 |
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dmivinfin 4svay ieidan1nsu1ady nstant Hot Packs 150 Instant cold Packs 121
Wuganana@dn muluussyresldbuazanamiifutuerl? edsimsldam fugawaadin
Wiaesldhameluuan stheemnraufvesmilifadumsazae pagri Iqungiivegs
wana@niiuunieanas ududhnssuaumsamsazaniu Sunszaumsmeamidou
wisgaamuiou SenwlnRezld cacl, n¥o Meso, Tu Hot Packs wazld NHNO; lu Cold

& A moa dd o oA
Packs MsifAsennneuone

CaCly(s) —122 5 CaZt(ag) + 2CT (aq) AH yin = 828 K
NH4NOz(s) 225 NHyH(a) + NO3(ag) JAN: N = 262 kI

nnmsnanesnud Wold cacly 40 0 036 Tway azawluin 100 avaw.  guwqil
H a o o 4 qw @ ¥
vouhozmuen 20°C i 90°c nazilel¥ NHANO; 30 nfw 038 Tum) azawlwih
T 14
100 au . 7 20°C guuglveninzanauilu 0°C Und Hot Packs 1z Cold Packs 13 141u

TRulszana 20 und

6.2 Heat of Dilution

e ldmsasmeiiioguds o dilue) 81 TasmaAud viazavas iy uay
o g w W ow ¥y 3 oa ¥ A w9 ¥
Wmanudvdiuvesmrasawanasdeiy dnezlinnuieuforfesdy Tasanszgannuiou
. . B
W'l wieldanudousonn anafeuinlGamnlasdunszuaumsesamsazats Fen
=) é r -
heat of dilution fensazmeviianits gaawiewdh hilutmsiRadlumsazas udagn
o 0 WA v g A o Y 2y oA S
mldmesmends dzlimigannudowdihfen  wwderdy ssazaoiifanuumeany
¥ A 2 2 o P o @ A o At
Jou iegnRsrnizaea i eueanBn duiulidedianuizdass Tulloimsitenams
avawludonlfianms  Teosmwiznsedadin  Fwnudouvesnis@erniimgunn  dloas
3 :’ ar L) a r? { = ¥
wovunsa vzdsunsaaslutimieuivanedaduaue msmhadlunsa arwdoufifativ

[ 1Y 2 o o LY 2
ﬂ’li]‘iﬂﬂ?iﬂ'iﬂ!ﬂE]ﬂl!m{ﬂiglﬂuBﬂﬂﬂ1ﬂ11ﬁlﬂﬂﬂﬂﬂ5181ﬂ
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1. Calculate the amcunt of heat liberated (in kD from 366 g of mercury when it cools from

77.0°C 10 120°%C

anudousumzues Hg 0.1391/g°C
q = ms At

= (366 g) (0.139 T/ g.9C) (120 € - 717.0°C)
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2. A sheet of gold weighing 10.0 g and at a temperature of 18.2°C is placed flat on a sheet of
iron weighing 20.0 g and at a temperature of 55.6°C. What is the final temperature of the
combined metals 7 Assume that no heat is lost to the surroundings (Hint : The heat gained by

gold must be equal to the heat lost by iron .

anudousumzueanes = 0.120 1/g°C

ANBTaUTUMIZVBANEN = 0444 1/ £°C

2/ o 2lar o] Q
ay3sauiined 145y - ms At = (10.0g) (0.129 1/.°C) (t - 18)°C
ayufouiimangade = ms At = (20.0g) 0444 1/ £.°0) (1 - 55.6)°C

3 @ o
awieufines 145y anuFauimangude

(100 g) 0129 T/ 2.°C) ¢ - 18)°C - (20.0g) (0.444 § / g.°C) (t - 55.6)°C

4 & .
Lﬁﬁ)ﬁﬂ']ﬂﬂi%‘]]'luﬂ'lﬂ‘iuﬂlﬂu endothermic ua:ﬁﬂﬂizmumwmuﬂu exothermic ﬂ’]']‘l.l%rﬂ‘l‘!
o d Y oo "o A @ W
TAYIVDIUAUNINUY UARTBIHUERIZATINUINY

e ldh ¢ = s08 °c

FroghansAnnanAy  foady Calorimetry

1. The enthalpy of combustion of benzoic acid (CgH5COOH) is commonly used as the standard
for calibrating constant volume bomb calorimeters ; its value has been aceurately determined to
be -3226.7 kJ / mol. When 1.9862 g of benzoic acid is burned, the temperature rises from

21.84 © 10 25.67°C. What is the heat capacity of the calorimeter? (Assume that the quantity of

water surrounding the calorimeter is exactly 2000 g.)

AU DUUBINIINT 1ML benzoic acid = -3226.7 kJ / mol
eafosnngay dusifissmyuenWnrudndunssurumsaennudon)

131111:!Jﬂ1mf1f]ﬁ benzoic acid = 1221 g f mol

o e 1wl benzoic acid 1.9862 g Tdnnudou

19862 1 mol (3226.7 kJJ
' 8l 121 2 1 mol

5249 kJ

g 4 3 .
&1 ¢ Munwgarudouvet Calorimeter

auTouseanyen nd

[ v
anufeuini 1451 + anudeun Calorimeter 1451
5249 x 103 J = (2000 g) (4.184 7/ £.°C) (25.67 - 21.89°C + C (25.67 - 21.80)°C

C = 5337 J°C
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2. A quantity of 2.00 x 102 ml of 0.862 M HCI is mixed with 2.00 x 102 ml of 0.431 M
Ba(OH); in a constant - pressure calorimeter having a heat capacity of 453 1°c.
The initial ternperature of the HCl and Ba{OH), solutions is the same at 20.48°C.

Given that the heat of neutralization for the process.

H*aq) + OHagy > HaOq

15 - 56.2 kJ , what is the final temperature of the mixed solution 7
YpisemsmEiy Ao
2HCI(aq) + Ba(OH),(aq) —>  2H,00) + BaCly(ag)

LY
naumsaziu 1 Tua Hol wldld 1 Tusveai

v Tuaued HCI (200 x 1073 1)(0.862 mol / 1)

]

(.172 mol
. A A 1 ¥
13NIUINN L Tijﬁ ‘UENﬂ’:TﬂLNE]‘Qﬂﬂ'mﬂu%ﬂﬂﬂlm‘iﬂuﬂ@ﬂﬂi 56.2 kJ

. 0.172 Tua voansagnaziiu 9z ldnanuiou = 0.172 mol x 56.2 kI / mol

9.67 K

067 x 103 ]

$1 assume 1 hifinnwSeugapde hinuduadey

gystem = 9soln * dealorimeter * Areaction = 0

Yreaction - (@soln * dcalorimeter)

Acalorimeter ~9.67 x 1031 (cxothermic process}

dsoln = (400 g) (4.184 1/ 9.°C) (1 - 20.48 °C)
- @53 1 /°0) (t - 2048°C)

9.67 x 103 ] (400g) (4.184 T/ £.°C) (1 - 20.48°C) + (453 T/ °C ) (¢ - 20.48°C)

t = 25.03°C
Fyotnalandiiudy  Reafy AHD
. Which is a greater negative quantity at 25°¢C AH? for HyO() or AHY for HyO(g) 7 Explain.

TumaiRaiiu B0 92 daml s
20(g Q]
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1 = a ! 4
Ho(g) + —Oa(p) - HyO® fimsaendenuosnuiamin
2

1 = i ] 2 &
waduilu B0  szdedinmsnlfenuadedntuniis
H,0(g) —>  HyO() NI EWAINUBDANDALHY
ANNNTUADUNIA
. msaily 500 Mwdsnusemnnandinsisdiu B0
faiu AR (M0 Mumuunnh AHE (Hy0.8)
NOMITH WU AHY (Ho0) = - 285.8 kJ / mol
AH? 0.8 = -241.8 kJ/mol
2. Consider the halogens chlorine, bromine, and iodine. Predict the value of AH{ (greater

than, less than, or equal to zero) for these elements present in the following physical states at 25°¢C :

(@ Cla® (b) Cla(h) (c) Bry (g) (d) Bra()
&) I 0 Ixs
(a) AHP(Clpg) = O ﬁstandard state Cly e Tuaanzuie

(b) AHYCLD < 0 9ZABIMENAINUDDANIDN ioagluaamuzvesman

) AH2(Bry.g) > 0 Unfi Bry azdhwveunas Sedluamusuiadoiganiwdoudlaliv
() AHX(Bry) = 0 A standard state Bry iBos IHaOUEMDUNA?

© AHMe > 0 Und Iy sxduveauds drdesnisshimilunia Foalimaaruiiy

) AH2(I,s) = 0 ¥ standard state Ip 1aos lugamuzypanil

FIBENIMSMUIIANAN N0 Hess's law

1. From the following data,

(a) C(graphite) + O2(g) —> CO5(g) AHS, =-3935 KJ
1 ) o

{b) Hy(g) + ZOZ(g) —>  HOWm AHS, =-2858 KJ

(c) 2CyHg(g) + 707 () =¥ 4C0y(g) + 6H0()  AHp, =-31196 kI

Calculate the enthalpy change for the reaction
2C(graphite) + 3Ho(g) —>  CoHg(®)
(ayx 2 2C(graphite) + 202(g) —> 2CO5(g) AHS, =- 7870 KT

3
(b} x 3 3o + 00 = 3H0( AHS, = - 857.4 kJ

o o 7
AAUARYBY (c) 2C0x(g) + 3 HoOW) —>  CoHgl) + —Ox(g)  AHSy = 1559.8 kJ
2

¥ 9
HEIHITAIY 2

2C(graphite) + 3Hy(g) —> C2H6(é) AH?m =-846k
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2. The standard enthalpy of formation at 25°C

of HF(aq) = -320.1 kI /mol
OH(aq) = -229.6kJ/mol
F(aq) = -329.1 kJ/mol
HyO) = - 285.8 kJ/mol

(a) Calculate the standard enthalpy of neutralization of
HF(aq) :
HF(ag) + OH(aq) —* F(aq) + HyO{)
(b} Using the value of - 56.2 k¥ as the standard enthalpy change for the reaction
H*(aq) + OH(ap) —> HHO()
Calculate the standard enthalpy change for the reaction
HF(aq) —> H%ag) + F(aq)

@ A= AHP(F) + AHP(HQ0,D - AHE(HF) - AHF(OH')

(1 mol)(-329.1 kJ / mol) + {1 mol) (-285.8 kJ / mol) -

(1 mol) (-320.1 kJ / mol) - (1 mol} (-229.6 kJ / mol)
-652 kI

®) HF(ag) + OH(ag) —> F+(aq) + HyO() AH -65.2 kJ

H,O) —> Ht(aq) + OH (aq) 56.2 kJ

&
1l

i

HF(aq) —> H'(aq) + F(aq) AH 90 kf

Froghanrsfmnanfian@a  (AoIY enthalpies of reaction
i. The standard enthalpy change for the reaction
Hy(g) —> H(g) + H(g)
is 436.4 kJ. Calculate the standard enthalpy of formation of atomic hydrogen (H)

An® = 20H{(H)- AH{(Hy = 4364 KJ
0
AH{Hp) = 0
436.4
AHP(H) = — kJ = 2182 J
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2. From the standard enthalpies of formation , calculate AHorm for the reaction
CeH 2D + 9 Os(g) —> 6 COx(g) + 6 HHO(1)
Given AH{(CgHipD) = -151.9 kl/mol
standard enthalpy ﬂﬂdﬂf}ﬁ? e enthalpy of combustion Y94 Cgll5
AH®

(6 mol)(- 393.5 kI/mol) + (6 mol)(- 285.8 kJ/mol)-
(1 mol)(- 151.9 kl/mol) - (9 mol}(0)
-3924 kJ

I

FrethamsAnnauiisdia §eI9U Heat of Solution

1. Dissolving 200 g LiClin 100 x 102 ml of water results in a temperature change from
18.4 °C to 22.6°C. Calculate the enthalpy of solution (kY / mol) of LiCl. Assume the
specific heat of solution to be the same as that for water.

Y day
ﬂ')’llliﬂ‘u‘ﬂllﬂﬂﬂﬂll’l msAt

= (100 g) (4.184 3 / g.°C) 22.6°C - 18.4°C)

= 176k}
w.u luana Licl = 42.39 g/ mol
.. heat of solution 4 178 42,39 g/ mol
2.00g
= - 373 kJ/ mol

. o oA A ﬂ ddy ﬂ .
heat of solution AesilAToanialuay w31z lunsailinisazae W exothermic

process
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APPENDIX B

Common Units, Equivalences,
and Conversion Factors

FUNDAMENTAL UNITS OF THE 51 SYSTEM

The metric system was begun by the French National Assembly in 1790
and has undergone many modifications. The International System of Units
or Systéme International (SI), which represents an extension of the metric
system, was adopted by the I[1th General Conference of Weights and
Measures in 1960. It is constructed from seven base units, each of which
represents a particular physical quantity {Table I).

Table | 51 Fundamental Units

Physical Quantity Name of Unit Symbol
Length meter m
Mass kilogram kg
Time second s
Temperature kelvin K
Amount of substance mole mol
Electnc current ampere A
L.uminous intensity candela cd

The first five units listed in Table I are particularly useful in general
chemistry. They are defined as follows.

1. The meter was redefined in 1960 to be equal to 1,650,763.73 wave-
lengths of a certain line in the emission spectrum of krypton-86.

2. The kilogram represents the mass of a platinum-iridinm block kept at
the International Bureau of Weights and Measures at Savres, France.

3. The second was redefined in 1967 as the duration of 9,192,631,770
periods of a certain line in the microwave spectrum of cesium-133.

4. The kelvin is 1/273.15 of the temperature interval between absolute
zero and the triple point of water.

5. The mole is the amount of substance that contains as many entities as
there are atoms in exactly 0.012 kg of carbon-12 (12 g of '?C atoms).

PREFIXES USED WITH TRADITIONAL METRIC UNITS
AND S| UNITS

Decimal fractions and multiples of metric and SI uvnits are designated bY
using the prefixes listed in Table 1I. Those most commonly used in gene
chemistry are in italics.
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Table Il Traditional Metric and S) Prefixes

Factor Prefix Symbol Factor Prefix Symbol

10'2 tera T 107! deci d

10° giga G 10-2 centi c

10¢ mega M 1073 millt m

102 kilo k 10~ micro m

102 hecto h 10-* nano n

10 deka da 10-'2 pico p
10-19 femto f
1g-® atto a

DERIVED SI UNITS

In the International System of Units, all physical quantities are repre-
sented by appropriate combinations of the base units listed in Table . A
list of the derived units frequently used in general chemistry is given in
Table III.

Yable |1l Derived 5l Units

Physical Quantity Name of Unit Symbol Definition
Area square meter m?

Volume cubic meter m?

Denstty kilogram per cubic meter kg/m?

Force newton N kg m/s?
Pressure pascal Pa Nim?
Energy joule J kg m?s?
Electric charge coulomb C As
Electric potential difference volt v JHA 5)

Commeon Units of Mass and Weight
1 Pound = 453.59 Grams

1 pound = 453.59 grams = 0.45359 kilogram

I kilogram = 1000 grams = 2.205 pounds

1 gram = 10 decigrams = 100 centigrams = 1000 muiligrams
} gram = 6.022 x 10® atomic mass units

1 atomic mass unit = 1.6605 x [10~* gram

1 short ton = 2000 pounds = 907.2 kilograms

1 long ton = 2240 pounds

1 metric tonne = 1000 kilograms = 2205 pounds

Common Units of Length
1 Inch = 2.54 Centimeters (Exactly)

1 mile = 5280 feet = 1.609 kilometers

| yard = 36 inches = 0.9144 meter

I meter = 100 centimeters = 39.37 inches = 3.281 feet = 1.094 yards

I kilometer = 1000 meters = 1094 yards = 0.6215 mile

I Angstrom = 1.0 x 10-* centimeter = 0.10 nanometer = 100 picometers
1.0 x 10~ " meter = 3.937 x 10~° inch

o
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Commaon Units of Volume
1 Quart = 0.9463 Liter
1 Liter = 1.0567 Quarts

| liter = 1 cubic decimeter = 1000 cubic centimeters = (.00l cubic meter
1 milliliter = 1 cubic centimeter = 0.001 liter = 1.056 x [0~} quart
1 cubic foot = 28.316 liters = 29.924 quarts = 7.481 gailons

Common Units of Force® and Pressure

I atmosphere = 760 millimeters of mercury = 1.013 x 10® pascals
= 14.70 pounds per square inch

1 bar = 1{® pascals

1 torr = | millimeter of mercury

1 pascal = | kg/m s? = | N/m?

*Force: 1 newton [N} = 1 kg m/s?, i.e., the force that when applied for 1 second gives
a 1 kilegram mass a velocity of 1 meler per second.

Common Units of Energy

1 Joule = | x 107 Ergs

1 thermochemical calone® = 4.184 joules = 4.184 x 107 ergs

4,129 x 1072 liter-atmospheres

2.612 x 10" electron volts

lerg = 1 % 1077 joule = 2.3901 x 10-8 calorie

| electron volt = 1.6022 x 10" joule = 1.6022 x 10~ erg = 96.485 kI/moit
1 liter-atmosphere = 24.217 calories = 101.32 joules = 1.0132 x 10° ergs

| British thermal unit = 1055.06 joules = 1.05506 x 10'* ergs = 252.2 calories

s

*The amount of heat required to raise the temperature of one gram of water from
14.5°C10 15.5°C.

tNote that the other units in this line are per particle cnd must be multiplied by 6.022 x
107 to be strictly comparable.
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APPENDIX C

Physical Constants

Quantity Symbol Traditional Units SI Units
Acceleration of gravity g 980.6 cm/s 9.806 m/s
Atomic mass unit {1/12 the amu or u 1.6605 x 10-* g 1.6605 x 10~ kg ~
mass of '*C atom) 4
Avogadro’s number N 6.0221367 x 10* particles/mol 6.0221367 x 107 particles/mol
Bohr radius o 0.52918 A 52918 x 10" m~
5.2918 X 107% cm
Boltzmann constant k 1.3807 x 10~ "¢ erg/K 1.3807 x 10-P JJK
Charge-to-mass ratio of electron elm 1.7588 x 10* coulomb/g 1.7588 x 10" C/kg
Electronic charge e 1.6022 x 10~" coulomb 1.6022 x 10~ C
4,8033 x 0~ esu
Electron rest mass m, 9.1094 x 10-2 g 9.1094 x 1073 kg
0.00054858 amu
Faraday constant F 96,485 coulembs/mol ¢~ 96,485 C/mol e~
] 23.06 kcal/volt mol e~ 96,485 J/V mol e~
1
(Gas constant 0.08206 L atm 8.3145 Pa dm
mol K mol K
| 987 cal 8.3145 I/mol K
mol K
Molar volume (5TP) Y. 22.414 L/moi 22,414 x 107* m¥mol
22.414 dm*/mol
Neutron rest mass ., 1.67495 x 10" * g 1.67493 x 10~ kg
1.008665 amu
Planck’s constant h 6.6261 x 10 ergs 6.6260755 x 10-*]Js
Proton rest mass m, 1.6726 x 10" g 1.6726.x 10-¥ kg
1.007276 amu
Rydberg constant R. 1.289 x 10" cycles/s 1.0974 x 10" m~!
21799 x 10" erg 21799 x 107 J
Velocity of light (in a vacuum) ¢ 2.9979 x 10* cm/s 2.9979 x 108 m/s

(186,282 mules/second)

& = 31416
e = 2.7183
(n X = 2.303 log X

303 R = 4.574 cal/mel - K = 1915 J/mol - K

23
2,303 RT {at 25 °C) = 1364 cal/mol = 570% J/mol
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APPENDIX D

Selected Thermodynamic
Data at 1 atm and 25°C

Inorganic Substances

Substance AHZ (WJ/mol) AG7 (kl/mol) 5° (J/K - mol)
Ag(s) 1] 0 427
Agt(ag) 105.9 771 73.9
AgCI(s) —127.0 —1097 96.1
AgBr(s) —99.5 ~959 107.1
Agl(s) —62.4 —66.3 114.2
AgNO;(s5) —123.] =322 140.9
Alfs) 0 0 283
AP (aq) —524.7 —a8].2 -313.38
Al Os(9) —1669.8 —1576.4 50.99
As(s) 0 1] 3515
£SO (eg) —870.3 -635.97 -144.77
AsHi(g) 171.5
H,AsO4(s) —900.4
Auls) 0 0 47.7
Au;05(s) 80.8 1632 125.5
AuCl(s) -352
AuCly(s) —~118.4
B(s) 0 0 6.5
B,0s(s) —1263.6 —1184.! 54.0
H,BOs(s) —1087.9 —963.16 89.58
H;BO+{ag) —1067.8 -963.1 159.8
Bais) 0 0 66.9
Ba’*{ag) ~538.4 —560.66 12.55
BaO(s) —558.2 —528.4 703
BaCly(s) —860.1 —810.86 125.5
BaS0y(s) —1464.4 —1353.1 1322
BaCOy(s) -1218.8 —1138.9 1121
Be(s) 0 0 9.5
BeO(s) —-610.9 —581.58 14.1
(Continuedi
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Substance AH; (ki/mol) AG} (kJ/mol) §* (MK - mol)
Bry{f) 0 0 1523
Br™(ag) -120.9 102.8 80.7
HBr(g) -36.2 =532 198.48
C(graphite} 0 0 5.69
C(diamond} 1.90 287 24
CO(g) —1105 ~1373 1979
COy(g) —-393.5 —394.4 2136
COxag) —-4129 ~386.2 1213
CO3 (ag) —676.3 ~528.1 —53.1
HCO7(aq) 691 1 —5871 94.98
H;COy{aq) ~6%9.7 —6232 187.4
CSy{g) 1153 65.1 237.8
CSy(D 87.9 63.6 1510
HCN(ag)y 105.4 112.1 128.9
CN (zq) 1510 165.69 117.99
CO(NH,);(5) ~333.19 —197.15 104.6
CO{NH,),(a9) =319.2 —203.84 173.85
Ca(s) 0 0 416
Ca’*(ag) ~542.94 —551.0 -55.2
CaO(s) —635.6 -£04,2 39.8
Ca(CH),(s) ~986.6 —896.8 76.2
CaF s} 121486 -11619 68 87
CaCly(s) —-794.96 =750.19 113.8
CaSO,{s} —~1432.69 -1320.3 106.69
CaCOy(s} —~1206.9 —1128.8 92.9
Cd(s) 0 0 51.46
Cd**(ag) ~72.38 =777 -61.09
CdO(s) 2546 —225.06 54.8
CdCly(s) -389.1 —342.59 1184
CdS0.{x) —926.17 -8202 1372
Clalg) 0 0 2230
Cl™(aq) —167.2 -131.2 36.5
HCl(g). =923 —9527 1870
Cofs) 0 1] 28.45
Co**{aq) —67.36 —51.46 155.2
CoO{s) —2393 —21338 439
Crls) ] 0 2377
Cr*{ag) —138.9
Cr,04(5) —11284 -1046.8 81.17
Cr0 (aq) ~B63.16 —706.26 38.49
Cr,03 " (ag) —1460.6 ~1257.29 213.8
Csls) o ¢ §2.8
Cs"(ag) —247.69 —2820 133 05
Cu(s) 0 0 333
Cu*(ag) 51.88 502 ~26.36
{Continued)
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Substance A (kd/mol) AGE (kl/mol) 5° (K » mol}

Cu®*(aq) 64,39 64.98 98.7
CuO(s) —155.2 -1272 435
Cu,0(s) ~166.69 - 146.36 100.8
CuCl(s) —-1347 -1188 91.6
CuCly(s) —205.85
CuS(s) ~48.5 —49.0 66.5
CuSO4(s) —769.86 -661.9 113.39
Fi(2) ] 0 203.34
F(eg) -329.1 —276.48 -96
HF(g) —271.6 -270.7 1735
Fe(s) 0 0 27.2
Fe’™{aq) —87.86 -B84.9 —-113.39
Fe**(aq) -47.7 -10.5 -293.3
Fe;On(5) —R22.2 —741.0 20.0
Fe(OH),(s) —~568.19 —483.55 79.5
Fe{OH)4(s) —§24.25
H(g) 2182 203.2 1148
H,y(g) 0 0 131.0
H*(aq) 0 0 0
OH ™ (ag) ~-229.94 ~157.30 —10.5
H,0(g) 2418 -2186 188.7
H, 0 2858 —-237.2 69.9
H,04(h -187.6 -118.1 ?
He(h 0 0 714
Heg* " (aq) —164.38
HgO(s) —50.7 -58.5 72.0
HgCly(s) -230.1
Hg,Cla(s) -264.9 -210.66 196.2
HgS(s) -58.16 -48.8 77.8
HgSO0us) —~704.17
Hg,50.(s) —741.99 —-623.92 200.75
L) ¢ 0 116.7
1~(ag) 55.9 21.67 109.37
Hl(g) 25.9 1.30 206.3
Kin) 0 0 63.6
K*(ag} ~251.2 —282.28 102.5
KOH(s) —425.85
KCl(s) —435.87 —408.3 82.68
KCIO4(s) ~391.20 -289.9 142.97
KClO4(s) -433.46 —-304.18 151.0
KBr(s) —-392.17 ~379.2 96.4
KI(s) -327.65 -322.29 104.35
KNOy(s) —-492.7 -1393.1 132.9
Li(s} 0 0 280
Li*(aq) —278.46 -2918 14.2
(Continued)
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Substance AH; (k/mol) AGT (k/mal) 8 (/K - mol)

Li;O(s) —595.8 ? ?
LiGH(s) —487.2 —4439 502
Mgis) 0 0 325
Mg *{ag) —461.96 —456.0 -117.99
MgO(s) —501.8 —569.6 26.78
Mg(OH),(s) —924.66 —833.75 63.1
MEgCly(s) ~641.8 —592.3 89.5
MESO(s) —1278.2 —1173.6 91.6
MgCOs(s) —1112.9 —1029.3 65.69
Mn(s) 0 0 3076
Mn**(ag) -218.8 —223.4 ~83.68
MnQ,(s) ~520.9 —466,1 53.1
Nig) 0 0 191.5
Ny (ag) 245.18 ? ?
NH;(g) -46.3 —16.6 193.0
NH; (aq) -132.80 -79.5 112.8
NH,Cl(s) -315.39 —203.89 94.56
NH;(ag) ~1366.1 —261.76 181.17
NoH.(D 50.4
NO(g) 90.4 86.7 2106
NO4(g) 3385 51.8 240.46
N204(2) 9.66 98.29 3043
N.O(g) 81.56 103.6 219.99
HNO,{aq) -118.8 -536
HNO,(N -173.2 -79.9 155.6
NO; (ag) —206.57 —110.5 1464
Nats) 0 0 51.05
Na*(aq) —239.66 —261.87 60.25
Na,O(s) —4]5.89 —376.56 72.8
NaCl(s} —-411.0 —384.0 72.38
Nal(s) ~288.0
Na,S$0,(s) ~1384.49 —1266.8 149.49
NaNO,(s) —466.68 —365.89 116.3
Na;COy(s) —1130.9 —1047.67 135.98
NaHCO;(s) —947.68 —851.86 102.09
Ni(s) 0 0 0.1
Ni?*{ag) —64.0 —46.4 159.4
NiQ{s) —244.15 —216.3 38.58
Ni(OH),(s) —538.06 ~453.1 79.5
0(g) 249.4 230.1 160.95
0.(g) 0 0 205.0
0yiaq) —12.09 : 16.3 110.88
Osg) 142.2 163.4 2376
P(white) 0 0 44.0
P(red) —-18.4 138 29.3
POI(ag) —1284.07 —1025.59 —217.57
P.040(s) -3012.48

(Continued)
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Substance AH} (kJ/mol) AGE (kJ/mol} 5° (J/K - mel)
PH,(g) 9.25 182 210.0
HPQZ (aq) —1298.7 —1094.1 —~35.98
HPOS (ag) —13062.48 —-1135.1 89.1
Phis) 0 0 64.89
Pb?* (ag} L6 243 21.3
PbO(s) —-217.86 -188.49 60.45
PbO, (s} —276.65 -218.99 16.57
PbCly(s) —359.2 -313.97 136.4
PbS(s) —94.3 —92.68 91.2
PbSO,4(s) -918.4 ~811.2 147.28
Pi(s) 0 0 41.84
PtCI2 ™ (ag) -3163 —384.5 175.7
Rbis) 0 0 69.45
Rb*(ag) -246.4 -2822 12427
${rhombic) 0 0 11.88
S{monoclinic) 0.30 0.10 32.55
$04(g) —296.1 -300.4 248.5
S04(g) -395.2 —-3704 256.2
S0 (ag) —624.25 -497.06 4315
S0% (ag) -907.5 741,99 17.15
H,S(g) ~20.15 -330 205.64
HSO05 (aq) —627.98 -527.3 132.38
HSO; (aq) —B885.75 —752.87 126.86
H504(0) —-811.3 ? ?
SFelg) =-1096.2 7 9
Se(s) ] 0 42.44
5e054(5) —225.35

H,Se(g) 29.7 15.90 218.9
Si(s) 0 0 18.70
Si0(s) —859.3 —805.0 41.84
Sriz) 0 0 54.39
S " (ag) —545.5 —5573 19.33
SrCly(s) —828.4 -781.15 117.15
SrSQ,(s) —1444.74 —1334.28 12175
SrCO5(5) -1218.38 11376 97.07
W(s) 0 0 33.47
WOs(5) —840.3 —~763.45 83.26
WO (aq) —H15.45

Zn(s) 0 ¢ 416
Zn?*{aq) —i524 -147.2 106.48
ZnO(s) —348.0 -3182 419
ZnCly(s) ~415.89 —369.26 108.37
ZnS(s) —-202.9 —198.3 57.7
ZnS0y(s) —978.6 8706 124.7
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Organic Substances

Substance Formuls A} (kJ/mol) AGT (kdimoly 3" (J/K - wol)
Acetic acid(f) CH,COOH —484.2 ~389.45 159.83
Acetaldehyde(g) CH,CHO —-166.33 —=139.08 264-3,
Acetone()) CH,COCH, -246.8 —153.55 198.74
Acetylene(g) C,H; 226.6 209.2 200:8
Benzene(/) CsHe 49,04 124.5 1245
Ethane(g) C:Hs —84.7 ~32.89 229.49
Ethylene(g) CiH, 523 68.1 219.45
Formic acid(/) HCOOH —40%.2 — 3460 128.95
Glucose(s) Col1205 -1274.5 —910.56 2124
Memane(_g) CH, —74.85 —50.8 186.19
Methanol() CH,OH —238.7 —166.3 i26.78
Sucmsc(s) C|2H22O|| —2221.7 =1544 3 3160.24
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