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Cathode L16 Jl je 1lar #.j.li # d>s -f

.-J. d+ .f.:. l+ ,r-rf" U;* ,ei uJ+-,rd r:]+. JSI+ lo-.r1* dp sjix Ji .i1.i rJi a*,i)l ..<J C+ -Z
.i+ll-,,ii" Ud ijJ Ji"ri -Lp;'ll ;i

3ri:_1! L-rjJr q-rr+ (e ) 6;6J)t tuJ 1909 -1913 t;;lt S Mellikap 4+!dUt u,.,E -3

1.6022 x ,,e 
j-^J i Jil! ora dJi r+Ji ;tlJd rjh.. -. !;: :j;j o-i fu-^& c+-lt .1" ol J"! l3ar1

.-1 g-rl,li 1$ ++ tal ::'i (10-1e C)
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, ilr ril$l iJF) \rlilJl ef"lr *Jc a*-r: -.,Ei tr+l 1SSO eVGoldstein 66rn;/v1 L)
+Lj rjlSll +F j>-l kr^ ,>-r !1rp)l .J el-.,;s]i e5y i.-^ii 't-r.: & Jq l:a j .'-rjij. :ilS

o:a jp i,.-i .,.ic,.Jr.fr j^.t'"J k+PJ+ir.Ji0)! eril eti:"*tt jUJl .,Jci:l.;ct-e \.:rJa:;

p;.^,,,;Jl lu .5le iil!^ll i,.ilr .ti C.xrj .6rjilr l:il^e .,3 .J,t+JJ+dl erii'rl Ldje i-^!l cruJl

.+1 i*,ill Ljtr ral ::-s i5r k l ,''l-r ,. l.6122x 10-1e C;liKl)l ii',.ir +ii d
Neuton (n9 oJ-':+'ll 3-1'3-1

JU;ii r.biEill l:r a;ji rdJ,rjij-.,J. ! kl.r* iS"l !i, !-,1rlr 11511 ' : 1 i-'lj ;i :-13i-1i'2 L)

JrJt , t.'*.' .jr-ijill a.r--u;.i;.rJl d,:J,-Ur Jjl-fJ!J+)ilS,i,"ll o+lJ';P'''-rll ..#LUl

+s .-rjr:+ll 4lts t1.1-1ts g:l-i eiIS3 Aj.l 4l .r"il dd+ rFJ 7t932 7\c611s4wkk fuM
(n") y-!! aJ ;1j 4-4ll 3t qJc 5ltij lt;Jl cJitr

.kjuJS.J iJll ;p l;,-Jl .-:l-ll. J! 'r+ 6.-l *1" ilii)! a: +ilJt 6aUJt & oQ:

Atomic Number g-!Jt ult '1

J.-Li'll slJl cils U3 . -1,.,i,J1 i-! rlJi o.i lI+!t oUiJJCl l:o ,.ie 'o-.1Lrc y: Z -r-l! d -r-,rl

;;ti dllrl ,oUj;5N1 .pe = crl-1133;sll r' ;i oi+ lr\s-i't+Ud 1b1'i" a'diiJl

(e-) oUi;iS$r .::c = (Pt) cJUJirJCl r:c = (Z) et-,;ll rr'll
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Moss Number sxsll lrll -2

+l^ "6+t 
r ,.Jt r_2!'otJi o.i cJUJ-riiJl :lroi1 crU3:3-!l .rt.rri 3.9"+- y1 A -x_ll+ al _r"_u

;i.i\Jt ;. ilKlt rc.

(no) c.,ErJiJl :.:c + (P*) diEiJJCl rc = (A) ol:Slt r:,.1!

Atomicweight 6JiJl 0jrl -3

ru: e*+ JEi .5lsll ..,ll l"-rj. .r' i_rl+ 9 ,Atomic weight LziJl i.Esl ,\ illl ojj)l
,Jsl assll r--F" .-,1+:'1r rupAc 4r#ErtJ ial rg4sl) y'ltJt Jlnyr j^ 4+J.J i tr ,J,-i'lr
JU * lN ;t-:_1.i; ;hlll *iS,ll r&llr glt .rjJt ils jJrll Jl .l+tj)l l.:r .+l,l . -r,-r,ll u^ iJj
.r'Jl Li , ,.-iJt clr JjU;i e.+l L-*.Jt llSlt -t-Ji. ;r, ,*i,J g'pJf ;_.,rlf 2,; :1 rir'Sff
Jl+ll ..t' -!-irll JL,J "li-i 

riA Liirr t'rJr .r-r-!r ru .!ii .sri J..,r,i irs;,' -B+ srr
6 r oJl,YJJ

lsotopes -rluijll *4

L,rrll Llr.r $e (1912 -1913) rJ;iill SThomson &A5gs11 ayetts 4tst&;UUr J.-.
)l lnJ*^"d ;S": rlJ 4,-iJ- .-,1.;c eL:l ,.Jc trte .t_*:lr jH Gr.ll er.:a)J (e/m) il:Sltr i:Jl iH
l.u.e.ri .ri-i .or+tlt ;_1rJt ;. g)fri .rtr.lll ,-t^o/09 s$..rjl e c.l!r b%gt ;i tir,,:,r tr
eu^,,,, ')lJ -r".ill 16.. r ;)c, Xl! $K. :hr.r;i ;fu :sljJl J,-j,lt dJtJl ;fr J3ilf Jf ;f.i:S)f
klii yl ,t+o+:L,.,t<rt i!li. rl c.tJ:Jl ,\J.tir'r-L,sotopes jtbjllsl)tJu=Jl c.,t!t o.)A

l}! j+. (j*+,s)l 
',--i,J;-rigj e;e 1-1 g!$i,ll-, .i;hi. a;;j Lt,pi, tlL. 

^:rul c.,ri,
.t-d^ XS ils os uljf,!-,,JJ!l J&ll .,'3 juLrlt

160 lsoto
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.-l.iJl c.,,1;;i 9r;ri.lt:l jjlt .-r:t-,,1:i)t 'l+; J! Roaio o ctivity oal-.illJtt-lil.iiSl .rri
ji J[i -F ^;5lJ .ak<ll # !:l.j" J"-iJl JilJi jt ]J j13r ,:r_)ii)r -li",t Jl g.ri LS , +ii: y

.rd _nllij rFJ ilJ qrrtt t*:t;-ri J.i, '.h:.i .Jsll g;.rJl :-r.Jl g"i: kl ..,-& _,,-r.i,lt uh+ 6lJi
J*-U,ll +'-J .dtj*Jl Url ./-,i fu,.r'- i..,*tr '-ic ,5 ; i.r.r" a.r-9S1 _ilJ;ll o:a ,).-.lnJl

..,-6! e_*-:l)l ,p.s ,',. ll , 'Jill $^ U+*.,U! i.:.rc dLr ;,1i U JiSi Ji t)J Cij e" sjSt +,r:t++slt

Jjllii.i).i J-e1ill jUJ 'ilJ,il dj.ll ,!+- 
"1,.s 

.L+ll o.i ;9}J U..1+i fi .cJlJJl .r.r-l: ty..r
d! .t+_ilr & a.aN,0.2% ,90.9% Jr_F cr-lr r<+-., o-F 

"'sr 
lflNe,l[Ne,l$tte n^

.rr -1Si g 20Ne yL ;i ,,,,,,i11 o.u .J !-)L1 ,Abundqnce ;JJll s^,ni+Jl 4lJiJl i|.jll
{+ ,* ;i ,!.:."Jt ..p ;l ."i,+ .,i ^+lt f,l -9is ) ijiB,,,,.ill o.re .L+tll .,.i 6JiJ '-ljJl

.':J'.rj]^ Lrc # %10 gJj -JliJt Ji+- &- zzNs >lLll

Atomic Moss 9,l1 L;iJt lis.ll 6s3 4-1-3-1

L6Jc .iJl-Lll iKll r:-l el.si-l ,J- j lKll ,qJ qs'Jl idill -n - JUI,J iJll 4K "n-l 1J.t'.i

g} t2c,)r-Ilt r.)i j$l ,.5J9 rgor eLo dJ1-,ui! t-pJt .slJt ,-!iil +. (4i1ji.i1^J elJslD

i.r.y 12 ,J:L+ k -r: ..rl & ;r9;SJl i-! c! +ilJ t -lir.ll {.r-.pJl ;l-1j)l ut*l 51sn4qd Jl#ll
r.:sj.,cJi i,rr*r t:s:.lrrr.,,L i4.l L^,nlU J--lnll .ilJj jji3 otomic moss unit L;i gijl
i:-3.r-^.S Lt1-i3 .a;;tl'r'i._r al,pll 'i.:sj j' ..!+S omu &lJl j"-Jl .F+ U J.J* JIJ ilJJl Ji$l
gLJiJlq'Ur,t-\ r.*n rl U j"-t! U .rts tlnified Mass unit i.qil insJl i.rr3y t-.)rll iJ:S

ijr ;i ell+ , i;l . 4 omu g3ln la.,,l 'l+.,, He 6-j.rl3Jt i;. "1j1 
:ic ,clJ! ,-Jt Jf"l .Dolton

$ : U3 jo .dJdl t;r ;-I O! J;Xl,f+: 12 ..rr-Sll +].r .tj: A 4 x t/ tz,f-i-,i er+l*ll t;:
12 ..,;rr-fll +i': t_.;i

The Averoge Atomic Weight J,n,l,e.,ilt g6lt !*.'-p' 5'1'3'1

nb ,*: ,i.,,Jll oltLr jljJi -t-,Ji" ,l..L "-i'l .,e;rJl .tj-il !--rt +J,l iS"J

.JF-u.ll ir1lt ;tr)t ,.JH,.il il*l .j.i Moss spectromsgsT ilsll

;y-fJt i-.,i ;,,.r: t * 12.011 g:l-;4jl sj lrl1Jl J1tsll os ..1.31-SJJ,"e,pll dtlt tt gr+j!
tJi .JJ3 ,-!.": L2 omu,e-ll,J o:Jt {-il" ls, .*jrll ..x ,-!-r" ii .'+ lnl , !2 omu = 12C iy!il|
;,1. 4Ui 1xS .$ +:+ fll *r#Lll C-ri_Slt Oj-, 4d d:"t 12.011 l^+ 12C ir-ri_Sll

j_lrr !-_{^ .rA i&J %g8.8gl i.,.,, tz6 Jl aiuy! 14C j}_6ll .r. cEi i#: 13C ir-,ijlr
,Jtll4 );,Jt d _r*L:ll J+ljl r93rr.ll ir-Jl r*.,iJ 12.Oll omu.t-1r-Sll g'lJl
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M ixtures 4lri.lr +:-f

Pure Materials i.i:lt .rtcr
ld t;:l \rll GrJ,.Lll -H4 U JFr ) &U u" t+}J 4JJ" l*S 4#l+jJr!FtJ+ jf,J lr :rjJr p

;qill .rlll ili"i .l*-r
i+-!,..ri ,'r- t.ll-pJl \;: L:.'lt ;, qrUl -ii-;tll $' drCl #.Jil-,-lpi :c#jt .1
.q:- i+_t. 38.87 o\ii i.>Jr 1.+ fJ+ rs13 li.; so 15i" q; 356.5g Jt.5n, r:gb

,ji _!.-.to r:i *jc 6gJlt . ;r. i-,
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Mixture .h.di-r.ll

'x +!a$JcEi gi ,:-9.r- ujr .L(;,.r 6" -AG i$-r 3i a1-'-i. e;'.J^ i|1-,,11 ii-ll 3o

.4iili.SllJ 4i,jtrj,,ill 4.^alF.jlc il&]s- L Jr-! LF +J. ri .,"-]c .J(, Jh i+F (.tlill dJLrJS.

.a-,iLi" 11aJ L,rlil . Jl UB-JI e..rrii pa U i:lcj

Homogeneous ond Non-Homogeneous Mixtures'L.it{) I }J i-,jl+irll.LJ- li.ll 1-4-3-1
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:oI L s*it-ilt urtrtt i;131
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(o6t ,tt 'l..Ki-r .l$lJt $. U.- oti3S^J i Lrlr 
"1 &il .6

Heterogeneous Mixu1g5 i-., .lri.lt Jr 4lri.l!
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Solutions #L.ll 2-4.3-1
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"J" *ilirll 

.J J.-ll .iJEl
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rt ll ur fJl 1
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2
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It lt y' rj.nSlt i.l1L i:L
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!j.-j Jlw (+s *) *r+:" rp dJls.r (it+,J .,.,11+1" dJl-" Jl djllJtd-1i: dJsd lrs

:trrii ij)E Jr LEyr ill-:r Arlul ,,FE ll jt!
True Solutions i*6rlt #tr.lt

;ta3ei oti.-i'.+-,J"Sd+;rdlLJl gtyt t^..,,t +
4^E-iJ q.-i,.^jr:::,,s: *-ll +JrlS dL ci.:gi Jl :i -1!Jt & sl4j+ Jl,JlJ"ll l.&\! ijFiJ .1

.irlil 4J"c lrljl fi !'Jr"ll c.,l!"J+,./

.a$>lt ,-i-.r-r dx 6jl-tull I .2

.S,Jt i;.1 Jl ,J-.Jrll- djEJl ,,,..-,n).3

U:-SJ- gL 1 = j^ylil = pj.ri.,+;l 10 d,1" dll ,,Ftirll Jti, ;. i .4

*J*t"r,f4 ) ,illrl ,Jh"ll Jt!, :. .tl 
..-.. -.!i^ r+.r."il 6:tiJt ';ti .5

.:-l-l -lrt uF UJS" &L."lt .6
Suspensions qqllrEEJl

Colloidal Solutions L:vll &lt-.rll

k;i &l!.,11 i+. .JA .',:-i roliilJl, !;!tll dJ, Ul u. X .rl-n J# k -lF !--fi cJiL. 
'+;;.ilir":lyta,rl ,=Jc-!:-"ll *;-,-iJ.i+Jrl! &IJl c,l4J+ts.. JelilJl ,!ili.r6s.llIL"y

hl .J lp-x Ji i..,rll JF l+i t'i - i.rlil usl-, - -,,1*r tI.+ e!:.rlt ,=Jo 
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:.lA,':- r-./-,i$l)l
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.d-r3tJ"fuF.5
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Names and Symbols of the Elements yti.ll j,r..1,, rt*,i 4-1

;la.,Ji ,rlhi J.-U,lt clI .A-\iLj.Slt J.-UJI J" ij-6- k J^+ drlj<llJ .rul ,.ri U Cr:+ di- l-.
,.J..Jhll .jle .)6;;r;; J.-Ell Jf.j! .r-+ l." rr+ '<ll & , 'rr,,; cl-.,,Y| ,.ra .rJc iJ):llj ,i.::-"
iJ-Li *Jl &l yxll tJ"-J i-i- l+.Sll ,rY:l.'Jl Ll-:S j,.Dl..,nj i.6;!J" a.'- &t4,C.ll J.-j,ll A.iJr,"

..r-Fi 44; o" ijhill e!).cUill o.i UF. rir _l-luJl .&
ki_,r-r .J trUl ji "-r,ll -1l ,..,rr-Sllt ...l..i,illl iiLe ,..t' rct* .9ll "-i,ll 9 urr+-.S)l *,"s

.,Jc .1.-.: 1+..+ y ;_r.-:.Jt g,,rrA rL'il rio J$J ( l.dJlJ: ;. rrl;r,.)J l#J-J *ll ,l '-i,ll
,.I+"r .,,rill ,i..<i (Jri) g:Li 9 id'HJl ; -":'lt !Flr- L1c 4-lF J!, :h:.: r,'i ,5y
Js''ii:,its"''rr.,r+r-,+xrr*",-"^*-]1.J,"I-,J.Ifl"i,Jrf 

tfl j$F,), jIt j
WljiJ..iI J .l*y ++)Jt iillL eL-i t{Juelj.j,.E J_+ \53 

r+:-i,J^Slr !,oLirlt . i.ri i.Jtr jtji)l i
-ua+ eL-) hJSl e,illi rL-i ,i tr,,i,ir<. eL-i oL"- ri uoL,Jl ,..F+ ...J5J 

.L-jJ.j. . )l 4iliLl
,i.iJJEJl -.,;*-Ul * "Jjkll Sl e .J"l,jll ,-!+.,i A-,jl*tSll _r-U,ll irj A.iI", ,4f I .eLlJr
rL-i *1", ilYr! trJl- Ji:t rilJ .l+l^,,,ij et!l+ j,lxltJ +,il:*,Slt e!):LJt i.jjS ,J#,1 J,ii.lLj
Capital Letter $ cL+t j9,a-';l+i)l iiXl., J--i,ll r-i .r^ rJ-e)l -r.,;olt ria..1l y-UJl
.U,!S|J g27fign A-t.r'l J';^ i6.1l-,iL J-9i -i;ol "-..,. .1. j6i .-r+_r ilt- J, ol i_r^_., iAji1> .x -,1,.l .ir- qJ; Jj)l .i!l Jilt _r._.r .-rAt Jr)l .iJAlt p*i -r._r;A Chl1rine
et -l 2-1 Jr rll 6;y1 (Cl) _.13lstt, (C) .rrj:t yS smalt 1stts7 ai,at Jis,j,,tU e,\l
!"*Jl Jlo !r,l oL"..,i ;" ,',ir'r,l i.y-l cil: i -',-- .1,i-:-i .rj;j L\ r+_l -pliJl _.r_r_,r-l

. 3-1 Jr'ill €!i e;1r

7 i...Uh&i+1 rii.oLe)\ .tror.5ll
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iUJj+l r-r,:iij.rY r-r ;rlJ r, i.r Lr-J r 3 o;gfu l gl5,;.-]
fHE MATTER: Atoms, lons and Molecules

.4ij.,plt ..;,otltt i.:. t-.a5tl j-l..,rllf sL..,yt,r LG :2-lrj:r;
F..,)l jr.JJl

i--..1.rJl+ i.',J-i!L
f.,,,1 J"Jrl i.j*l,iYt f.,,r!

1*r.lli
F.,Jl j"rl iJjJr,illif..,lt

t--rlti

1.;;<l Ac

:,.r Ag

p+rl Al

.*-t Am

Or-..;l Ar

i;,i As

ldt-1 At

q.^i Au

Or,. B

^-.r Ba

txL-x Be

,tr"j* Bi

.-; Fm

^-.r..--- Bk

lLx Br

oerL C

fr+"rl6 Ca

1.r:.rta Cd

.-* Ce

^.,j,;Jl4 Cf

'.l4 CI

rr:rF Cm

<,tu.F Co

11s Cr

J+- Cs

s"E Cu

l*l-*., DY

Er-.rl Er

r^ ': ': r:.i ES

1*.ro f,u

'lrL F

Actinium

Silver

Aluminlm

Americium

Argon

Aesenic

Astatine

Gold

Boron

Barium

Beryllium

Bismuth

Fermium

Berkelium

Bromine

Carbon

Calcium

Cadmium

Cerium

Californium

Chlorine

Curium

Cobalt

Chromium

Cesium

Copper

Dysprosium

Erbium

Einsteinium

Europium

Fluorine

rr*Lr+ Ge

,l-.o+. H

rnreb Ha

p:l+ He

rr*tb Iff

;;..i Hg

lrJrr Ho

I
In

Ir
K

Kr

La

Li

Lu

Lr

Md

Mn

Mg

Mo

N

Na

Nb

Nd

Ne

Ni

No

Np

o
Os

P

;}'^il

1f.t'.rl

p*-Er

btrF
fJPlSY

p#+,

pl,.,

jt4r.

(.L5.,lu

p#J*

tjr"']}
urf

J6+

r!'-,,

rr-.#
4+.e1

pr.jel

Jr.a

Germanium

Hydrogen

Hahnium

Helium

Hafnium

Mercury

Holmium

Iodine

Indium

Iridium

Potassium

Krypton

Lanthanum

Lithium

Lutetium

Lawrencium

Mendelevium

Manganes

Magnesium

Molybdenum

Nitrogen

Sodium

Niobium

Neodymium

Neon

Nickel

Nobelium

Neptunium

Oxygen

Osmium

Phosphorus

tr*rtl Po

fjr+{r-I, Pr

o!! Pt

fr--irL Pu

frerl.,; Ra

ln'r'..o Rb

fr*-., Re

frei.rii.r Ri

frcro Rh

r.19rl: Rn

rrvl. o Ru

c{,g S

au.*:jl Sb

,.-11.ril 
<- - -. SC

...iJ- Se

o,s.u Si

.-,LL Sm

.;'r-i Sn

f qi!.,:- Sr

lrJuiE Ta

.-; Tb

^.;.:g: TC

tr-.u$ Te

|}ri Th

t-l*'qi Ti

1rrJ$ Tl

rrJj Tm

rJi:l:rl U

;*rtiB V

,r.€n W

,:rc Xu

Polonium

Praseodymium

Platinum

Plutonium

Radium

Rubidium

Rhenium

rutherfordium

Rhodium

Radon

Ruthenium

Sulfur

Antimony

Scandium

Selenium

Silicon

Samarium

Tin

Strontium

Tantalum

Terbium

Technetium

Tellurium

Thorium

Titanium

Thrllium

Thullium

Uranium

Vanadium

Tungesten

Xenon

2 +.-t{,Yt &.rr jtt ,arhrt e ldqSrt
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J:J- Fe

11.;!s Fr

.JL GA

^.. .,l- Gd

Iron

Francium

Gallium

Gadolinium

qtj:t L;,."tt

HO

CHzO

;rtt'+E1;1 Pa

grL.l Pb

llrlr Pd

tr,l+rx Pm

Protactinium

Lead

Palladium

Promethium

rnil Y

fr-;*l Yb

iL-)Li. Zl

t*Fi Zr

Yftrium

Ytterbium

Zinc

Zirconium

.LjC;'.)l
b.ylt+p.lt

.".i
UJ"}J'

Jrl.si
., tA:

Jls

4.;S

IJJrJ-

Chemical Formulae

Antimony
Copper

Gold
lron

Lead

Mercury
Potassium

Silver
Sodium

Stibium
Cuprum
Aurum
Ferrum

Plumdum

Hydrargyrum
Kalium

Argentum
Natrium

*s rtr.,i (J" iii.irll iJrJl 1111 -r&Jl ,-nq.Ji i,.ljt! :3-1 dlrf
L;$i."Jl.i p-Yl sli$l.i f-Yl j'il

Sb
Gu

Au
Fe

Pb
Hg

K
Ag
Na

elsi-l JL ,J,:ii Jt^l.illl acJl e+.-l e+'i 4-i. l+.S1, 1 :l!t qr:s; ;P -*F,,ll CIJ qJt 
'+

s).cliii.Jc t-r,^lf oyrfJf 
-artiS-.i" 93;r- al,-ll 'ra e+'-,,J .l+J'l k-tS.lt'L;p rl:c)l

.1-'j- lr.Sll

1,j"q4stt!,.altS-1

Empirical Formula (i!1,.*.1!) fu. JYI ii+-tt l-S-t

.ql 4.,L- 
"-ClJ 

fu, Jyl gr,all3 et'rS. ..;rJt Ub+ 4-'J'l :4-1 ijfr+

ig;rlt ii1.att -s. -,r.ll

HzOz cxrs-,rl*ll +|"si ,3Je

CoHrzOo i.SJl+!

$-i d ililJl J,.-u,ll tj.i !b i$ .,1ll 4+*Jl +i;'-fr, ia*"1' trlr)l iiJl .r-'n Lli'i

-* ;i; Ur)l iJ.-ll ;-fiYr *l .r r .++ -ru'Jl crl-! :'r'J c'r .L,,+i -,,kLl De .r^ s*;-r+ll

,!r), 
"*li.il+.r 

\j!+ g.Jt 4-1 3r'.rt ,.1 e-J l-S 'j-6All u3)l ai+llr ..r++JJ#l

.L$" Xl l*i+ll ij,.,"-ll

2 |...t{ilt &r+l :iio\s,l\'\.r.or5}\
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THE MATTER: Atoms, lons ond Molecules

Molecular Formula i.j.,r. .jrJl ;i:.all 2-5-l

;1o Jr,i Ul lJ .a...ft+S :S-,r".tF lt cilJr! sl,ill :r.Jt ,_1e U+;! Ur" aii1,4 ..+
,*iJ i-! .1. -pSi rr+r ilt- -+, ..:,<!l lra g; j irll .uc :.r.si3 +pq.;SJr .;y 2-rc JS
6 ! j-6-Nl &j+.illi,Jc' ll3.)l ,n ._r.-i,Jt ir+.i di-i ...r:Sl crlJJt ::e .lG rgj+lt o.i >;Jr
CoHrzOo iJ-Jl .Jc lljjjJl  liJ.-,.;<r, il+*Sl drUi 6 r u*?'rJ+A i.t:12t;y_f crt_.!

.JJ-JI Jr''ill .J.l+ * tl
Structural Formula iJrls-.- jl! iiJ,.ll 3-S-l

,,-1,,11 slJr g"!i !l-,:J)l ty: ey i.,iI 4+.- d1 r+E.1lt ii*.IL, i 'Jl i.r.l<jJl 4i.,!-ll ,.jjnj
4l fuJs.ll drlJrjl \rlij! .r.:,Jl .,,r1r, o,;Jr_Fll rSJJ j.i ili.lJl

:drlt
NH3 : i+!! a+.-ll

:il$jll iir,-ll
l+lr-., ij)l .l+r4cll 1" llj a;}y i-rl .r*'r;r.,,;Jl r-+

.LrJ+J1i:Jl iJl ,Jc, 6!l drEJJiSl)l .1" 6:j eE e.A+-l,J

Nomenclature of Chemical Compounds Lr,,,'.,,(ll strs. Jrll 4+{..3 6-1

;i3 r.9-.g)l :l-9Jl i.rn ;1c bj..,^J 6-l i.:L .lSl ;i :..',, ,c.,ti<-/t oL-,) i;'+!l ,'1<ll Jl JAJL,,

JL iF{J" J$l t{.iL-,L iJlj<ll -;.+ :e.-e 4. ,ip6.i^ :cljil iiiij k l-.,,L .": & :t!t .,J," i-}is
L+J ld ij3s.ll J,,-U,ll tir3 -"iti 4..i" l++Sll sl.rSll ,;l r:i r,- -S.ll+ -r+lt j^J .Ji.iJlJ eul

-rls 
t^ar-i r.; r.-ais ;;1Ss i..,:, itYt c.ls-rlll ,i.,,^eL,i c.,l+<-rl ++el c.!S;.;tl.-,! Jl kLlJ:

;JilJt .,,..'\, Li;; , .,,p, lS .,^+l 4s-r iiJ aJ ;Aj ,3Si ,t .Jr,;Slt j$l ,l e+F ,-rls Y 5i,
.)lsil ;. u lSIi i;"rLnlt cJl4sl i-.,j]l Ll ..J#l .#J UL, ijs'.i .l .JJSJ1 ;r3si _91 ;_9-;Sll

.c,ti_l-6$tr a."^L^,-J.il1t ii l.6j;1,::.i u-!s ) ;-"-r

Binory lonic Compounds til3t 4ijlyl lil-6. J.ll 1-5-1

J-J! J-,ill l-i1 -,;Jill e*i "*+,,'rrJl .s*X,-#+ NaCl J-!il iI lEje u..t-6ii -!Sy,y'
ps.,Utall tiltls NaCl .,^-.,,, lJ ,jli)Jl v\ sulfix s,tiil eLU i lUe + iit-;t i:s
qj,r."Jj ifls + *.6:x Jlr Uf-Jl jriJl j_r_r., eL-i e.-_,J 5-1 J-*ltl SOdium Chloride

. _lUlS l^1,-.,,1 . 4..,- Jl , i.ii.ill ..9

H

I

r:l

H H

33 a-srult !r!ft rfubll rLre.rSll

-1,,.lUJja.rrJ:LrpYrr.:r,!r !irLdr ]t\\ .] t ;
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-

.iJ.,.U"ll jJ.JlJ Jya&l,l ctuJr:lst 3 oUgYt ,*rtJ;J:rl :5-1 rjrrr

Qxliel,-'r. ..dl,.ii[Jl .'' l anions CtJr diiJl"".ill
Li

Na

K

Ba

Mg

Be

Ca

AI

Lithium Li1* Group'1

Sodium Na* Group 1

Potasium K Group 1

Barium Ba2'Group 2

Magnesium Mg2* Group 2

Beryllium Be2* Group 2

Calcium Ca2* Group 2

Aluminium Al3*

#+.t ii*-tttljs qi$ :4-1 dri
-..3 . i

.O.rtlr g.rlt

Carbide Gl-Group 4

Silicide Sia'Group 4

Nitride NI Group 5

Phosphide P3'Group 5

Oxide OL Group 6

Sulfide Sl Group 6

Fluoride F-Group 7

Chloride Cl'Group 7

C

Si

N

P

0

S

F

cr

rull .,.'lYr -slr ri.,,.-a +6r :2-1 Jr:^Y lcJ'

p3;.iiJ1 11..9J

:drll

4+ljs * &Fi 4jj- ,,iJ;sYl ;-) qrtsl - 'l
j,)l i+tis e+ t* ,.,LCt .,Jc .-1r. . !l ;g)l

.+Cl .,lc JUI
pli;)l oa g+;J r-)t-^i)t ,.1+ u,ll J+i -2

.iJli.,,ll

) 1 C-,,-l ,rlrt)l ..J:$ \! i:r ll '.i('i -3
.ii+.-ll oi,,i<l

+2

MgC!,

1

I

MI
-l

cl'

I
2

7 : ,.-t itr3.rt{1 ;iio\-c,}\
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THE MATTER:Aton)-s. /o/,s ontl Nloltcults

Polyotomic Compeuals d,l.rill i+5 6Ls. J'.ll 2-5-1

L+:"!ll HzO out, Oe o-rj_r)l cB" slJ,rll ,.t jEil Ux & .rJilj \Jll cJJs. _)"ll /J
'NHa (rtJt)

i-,:" !",$lt ot$,!t ,J:'+l tjs"ll L.. llj iJlJl ,j:i-,ill -.y"_1-, el^^,li e-;lJ 6-1 ;tll dji+llj

.Ld?r,*,:J ,'.-lc iF jisi .=Jo ,J1;.3 Jt

.crlill il&i. &A,ill pEu.p", s etr...i :6-l &s
Name Formula Name Formula

Ammonium

Chlorate

Nitrate

Carbonate

Nitrite

Hydrogen Carbonate

Sufate

',-q.rtl

NHi

cro,

NOt

coJ"

NO,

HCO'

SO4'?'

Hydroxide

Chromate

Dichromate

Phosphite

Phosphate

Thiocyanate

Cyanide

oH'

CrOr2'

CrzOl

PO:3'

POr3-

SCN.

cN1-

:Lj*l+.,"$ l[ittq qtilt cl+ll p :3.1 dli

AlCl:, Zn(0H)2, Fe20r, KMn04, CaCO:, AgN03, FeO, NazS

:&lt
/nut slslt or^,.,,i e;;Jll JJ$l

.t+t ;l.grtt L. U+ll &r.a!lJ 
?.r,tl+a:sJl ci+s.,l.ll ciq 4#^",I : 7- 1 iJrr+

1..,,,rl '.'4Jll f.,,Yl

AlCls

Zn(OHD

FezOa

KMn0r

Aluminum Chloride

Zinc Hydroxide

lron(lll) Oxide

Potassium Permanganate

Calcium Carbonate

Silver Nitrate

lron(ll) Oxide

Sodium Sulfide

CaC0a

AgN0a

FeO

Na2S

35 1 i...1-Tt&rLAt rfut ll eli.dsll
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I
D,

I
F
I!

I r
Nomencloture ol Covalent Compounds itdl-,ill c'qrsJ.ll :+*.i .3-6-1

.,JUlr..,i!l J$^ill )$ Greekprefix i.;rgq"-pyt C-ttiJt tFAlJt dJlg-,Jl .t*";,,,rr.,r

.k+tu.lill C.tE"llliJlijS,Jl rlll .r.rJl Lr*.,iil iyai;Jt et S-,Jl .-tr+\+-ii 8-1 Jl+ll e-:1"_r

i;rt+ ee dF 41.l+ l+ ilJltl rc :8-1 cjr+

ilrl+ll e!i. ctlJllt J,re ilJt+ll eLtu ctJill rre ilrl+I eLe. ot;lJt uc

Prefix

penla-

hexa-

Prefix

tri-

tetra-

1

2

a

4

E

b

4J,"I-LJ| il".nll UrJ iFal-,ijl lt$lt ,,:+ j: _,rl cL-i C-e JHr g_1 J-e,,rlt,

Prefix

mon0-

di-

.rrit i:t qpSft ru-i tl+:9-1 cjr5
p.Yl ,.S, !l e.,yl

sulfur dioxide NOz nitrogen dioxide

sulfur kioxide NzOr dinitrogen tetraoxide

-S. J,.ll

co

COz

*5. J,.Jl

SOz

SO:

f*yl

carbon monoxide

carbon dioxide

lnternational System of Units stllJlslJldAj]t 7_1

.,,r: i-$ll tr.rl ora1 k& .!ilr ++U".,r,S "o'-_t_l 
C-.r iJ)q n c u+lt + e o-.l gi ,.-*rro;r

Jl ailJl t:ry prL!! ;i ,,,r:,r,,:.tlii ;p AiL*JI )ii.i .q-Lj.r-JLll rfl ty ;^ii .1" iF.ti-.+r' .r"S Ji; ellU,r. !-li.;r.j r.rs.34 p.lji3 jl .,,1 .-r!".s;,Jr ii"jll i;iiJt, .L,,,,,1:,. Jrt r..,f
Lra .-i_.,p;3 e1960 et- *.i tr11.,, + 6iir JJr sl.).rl !-pll ptliJr .* ,'.:i)-t)t .,lD k"Ai ji yi

.f* .S/ gylTitt ';<tslnternationalsystem of lJnits atbJa sJJtt ?UilU ?tUilt
.Li.! 4iljj...+ GJ.,ll p:lyi i-t-,si & .i_rll J+. el!!t tlsl A++_ll el1,Jl i.ir..

1 J.,.t4hlirul :iio\r.)\ .l.ur5Jl
THE ESSENTIAL PRINCIPLES

35



.,1,.r-j;J19 jtlj'rYr.r:rJJr , irL{.Jr r dgtI Ufr:1:,.11
THE MATTER: Atoms, lons ond Molecules

st unit Division crtsJl gjj.ll tLEilt rLri r-z-r

4it,i-lt

Bosic lJnits t*t-tt otr.llt t-t-Z-t

(10-'l) J* j ia;r.ll dl 6+Jt ii-1.)l i-'j" l+j+ill r.,l+'<ll .J,t lil ,:.:;i ot:-i i-,,.,, or.j

kg

m

S

A
K

Cd
mol

U*Ell irr3

el>!s
J'l"

-,111^l

iillS
4Is!

I

.i.^,,I*,yl clsJ,Jl :10-1 JJ.rr

i.j- r.,,jHijl 1#ll
isslr

dJLll
ir"-ill

sjtr.Jt$l J+ll
i',,;I.,;sJl L.1
,.l;#JJl ;r.ji
irull 4rs

Derived units iii&ll otrrjll 2-1-7-1

1i:.i.ll F ri iiJ.ll rl iHl-ll crlr:]l i^,,,! li + ,.: J.-t.. .l !-}l+ rs-*lt crl.s3ll .ro-r

. 1 1 -1ljr+ll .r^ e*:ji t"s iii,^ j:.-.,-r rl^,,,! q--U'. ;U"*,

i$.i.tt c,,t.sJt c,ar.i:11-1 JJq

irll i.trjJl i,i" t;rillatt,.lslt

Hz Hertz

Volt

Newton

Joule
Pascal

69ill
a.6LhrtJ di.itl

.ti.}tt

q.ill

++ll
N

J

Pa

37 a-"t-lttl3ru,fr rful,rtl ;Ls.r(tl
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chdtdctefistics ol sl units 6lsc sJJlll rujll oe,il,.i 2-7-1

:s-.L L JEJI .Ji.l- & tf l;o. yl +;J*yt etlnlls JrJl et}nll _.,1' 
"*t+ll 

>i eur Jl EJli J

:o! lJ ul-,si, r5g'r ' .t dill o.o Jrtll ol.sj (D

1. Ft

3Ft

Lmi

- 72in

= \yd(lyd - 36in)

= 5280 Ft

:t+F Jt_rl p i-b$l ;r-j (.-)

7lb = t6 oz

:*I L u.'rJ el.rrjJl trrlt el}jll Jl ti-A !-r
:o_tr x +"Wi, cu"r . I tst + Jyttt rs, (i1

].m = 100 cm

lm=l0dm(ldm-70cm)
Lkm - 1000m

:,'!- .l- 3{gJt p al:Slt ro: (+)
tkg - lssg n

7kS - 1000000m9, tg - 7000mg

.1t irri 'o.rl.r_;,SJl i,jlS.l C,,iJrJl llJ"ilt ;i Ue.iy;,s^r.EiJt ,,,,.-iJ:SJt u,,LiinJ,tUJL!!r
'' r.t prefixeS aU.Ul o il-L el$,i-L, dIiJ iil,i C"." # e*: Jl ,r+lll ;j: i.s3Jt .,t&

.1 2_1 J:.+ cllj e;_,J L^S 
.,Jrie JJ,ll kill t -1rs_/t .r.,!t .rt l.tr jJp"JJ kjL_i .,s

,-z 2 J.,.1{It &r+t :iio\.t,.l\ .\rsrs}\
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THE MATTER: Atot ls, lons ond Molccules

.y':Jt pt!:Jl se LiL,,.dl crultJl :12-l rJ:+

Sl Prefixes and Symbols

Foctor

1018

D e ci m o I Re p res e ntati o n

1,000,000,000,000,000,000

Prefix Sym

exa

101s

1012

10e

106

103

1,000,000,000,000,000

1,000,000,000,000

1,000,000,000

1,000,000

1,000

peta

tera

giga

mega

kilo

hecto

deka

deci

centi

milli

micro

nano

pico

femto

atto

bol
E

P

T

G

M

k

h

da

d

c

m

lt
n

p

t
a

1.02

101

100

10-1

10-2

103

10-6

10-e

Lo{2

10-1s

100

10

1,

0.1

0.01

0.001

0.000 001

0.000 000 001

0.000 000 000 001

0.000 000 000 000 001

0.000 000 000 000 000 0011o-18

:ji .,5i J,,,.. t_;: r-13 .,,^ (1 Tm) ;i JE^ll Ji+- *J' .r+ ai"-r

1Tm = 1012 m

i.,--e & JJSJJI dJui'Jl ruil C.:i5 ) el:-3 4.iJ .JJl pllJl ,,,,.,- ,-Jr.Lll lsj -1o -iJl C1;.

:C+- .J.-,ll
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(annum)
(day)
(hour)
(minute)
(second)

(a)
(d)
(h)
(min)
(s)

ij.
A lj

icU
:jr6l

erlJ+J. sJl lt..;1 0.000245 drr :4-1 rJ&

:drlt

0.000245x103=0.245 mg

f@s ;.tr.tl !9QQ0000 s rp .p ;5-i cX*.

:JJt
1Gs = 10e .Ji ,,!-

c+i.+ 10e .jle , .,..ilL kJl rl-^iJl iysJt Jr.j jS+ 4jlr
28000000

10e

= 0.028 6s

Common Non - Sl Units !b '},e 
.{,jrj c,lJ.rJ 3-7-1

..,p 1.r:c elll.ir ;tr .L:fS +p-\.;ss qX g) i.r.3 r[ct ..L. gJ1''-J! 
J-rilr rU[Jl 6J$.F *,lt ]

.qJBt a;" !2ilt grl.r.<lt cllr .Jlj.J ,JJJI ilt^ttt cJt\-J ,r,,ls (]t+ k_,!$ .-j;rJ Jl_) L crr,r <lt

Temperoture ;.rtr.:t i...r,l - i

laJS, ,3-it: ,:_.j.r rjpl-, Ji" e*li c.,eG :il-9 ,..JtJ,sll ;Ghll Jtli::yt orrrl +ls:l .rLL ,J
iJlll i.1Jr ,*!L i.t-ty i.)llt .i-r1 ;*l-!]_e rr-,)l rslt b} *3 (3Jilt .5I9 Js err-rr .

grJt 6;pt :y' ;Jl!l .J,lril sl iiJ.l: ijx,t,,:.r...1 eLls gt ij, Thermometer .*+vlt
-:k * .r$^ E:$s Kelvin s6zls dnK u*Uiaj Celsius scale u*Jb crt&,j:*.:

:,.,,t-l,t grt{l :ii-o\-,J\ .\r.or5}\
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;UJj+tr-9:UgJYrt:r1.rJr,i.:uclr' - 1
s, lons ond MoleculesTHE MATTER: Atom

i}l+q" u" J.,r.ll c,l-UG, l-i ,ijxll crq*Jr:ll an fu,r[L 5-1 diill e-y; ,Fahfenheit sCale

:,-,.e -F!

Tx= Tr+273.75

T.
TF-32

1.8

Tr = l'9Tc* 32

:e+-

(K) d,'ls .r!- c$.l i-.rl-r'll 1.1 = J6
("C) ,v-l*-,lp.r!L t$.l t'rl>ll ii-.l.r - Tc
('F) c.,.,"liJc, .r!L ,-S.1 ".-.rl-.rJl ls-,p = Jp

eJi,/,il.t^ll -,Lll i..1.l gi -6s rri ','i:r ( (K) ,..;sls eJs p1si; Sl t3-:Jt pEill crl.sj;l
0K= -273.15 "C :Oi ,Ji (-273.15C) d.)t.i,:Jgls

fahr€nheit.'t Celriur,'( Kelvin, K

Eoiling poinl

180 Fahrenhe{t

de9ra6
l00k€lvint

tc!:lng polnt

K3?3.offc212'f

Celeius100

degr€et

t5l(273.0"ct2'f

CrJl+I3 ,o.ilS ,o"dL ri..1|.,;rJt L.-.1,r c/il" oJi fu-,,ti" 5-1 cJSj

273K:

4l 2 *...lrlt &t l-.lt r LtJl r Lg.dll
GENERAL CHEM,STRY: THE ESSENflAL PRINCiPLES
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I
I

:JJr
tk= tt+273'1'5

tr= 20+273.75
tx = 293.15

Volume r+..11 - q,

.!.,t$ crl:s3 rre 4J.S.lt ,J,.Lll etrr3 gi *j+ l-..orlJt 4,li,i: t'Jt ttJilt 4" j+ll gc 
-,1,1,1 

g_j

.L J+llr LlJl +J.- &l.. 4jl,; i+slt 
"1c 

:+dr ait 4jl.i AJt aGlt $Lt-.,-l iir.L

V=AxL expressein(m2 xm)

V-AxL expressedinm3

(Liter) >Xt i\rebi^n uUU r.,i )l .dr.tll ,Je L rLarJl .5l9 A r.+-lt + VrJ+ e+=

:,'y- u]".IJt: crt_,,;liJt p o+s.r$l (/) _r_l! kl -*:._r

L/=1000 ml

1/ = 1000 cm3 (1 ml = 1 cm3)

1/ = 0.001 m3

. -r:l .ili il" !_.r,i. cr.SJl -!.lti ri^-l

pressute liilt _ 6

oa L:.' ll sl.sj;fi ;i o-'+.Llt .t* .-,jS; l.lt riil-s,1.,*lt irs_j.rJc rriilt a-iL i:Lc r :.. lt .i-xJ

f&',,.'- 2,',/;;lo (dyne/cmzl t\ StSystem y'tnt1thlt.,,.^2t-tJ,i^ Q,t/m2)
?lr.g. 1 IAJ$ lls -& .l-ii lrl *ll iCl 4j! Jr..lt i_x+"r .C. g. s system A8.e.f
.2 4JiE .i..al-2.ql,$l y' Jdl ilr.r3;jS5 trlt 2'411i.i 1;i ,r:-rlr b ,lrL rlir +SJSi

'o5rl r.0JhLil:.! 6;.rj taiti irlJr ..," 61 
,l b _p! aJIS -Jr ,i-ii lil rilr 6rll +il.r j;';i;l:ll Li

.,;l.r 1 05 = J,,.r 1 ii}Jl C.-xil Jh ..,1^j .2-gE .e- .e+ :.J 4trlt r,'-, ujt .z-lilJ .7 1 oa
,"+!r elur sYi,llr:(Pa) Js-lll e"\ (N/m2) #i *lul er.EJt ,,, --tiJt i:s3.'r.er.rij

f J+ll -tiJl ,i ;rJr U:. tt j;aj ;.,i,ll LiJl .,lc Jil-ljJl 'y -r;r'Jl -; -.1-i jJl JIS-I. )lLr

4+,)r ij9 ( 7 60 mmHg,:\) T 6 cmHg A*,j+il +" .r.' ai::.r g:Jl L:,' ll elJ! a-it,, 
o-".t,,itt

.7-980.665 gi ;r-rJt = i-r;_r)l +J+ll 4i+c, er;-.9;)l et- "l'i!i: 
.rior,J,Jt .ill

) 1 J...tsilt &!+t :ii-o\.c}\'\r-cr-hl't
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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IHE MATTER: Atotn\, lons and Mole cules

eltJl r-) 11L-iil (torr) j.jl+ ,jrj -n"JI^ltJ L:.. It 6'--! _r.-;-r .r-t$ .f g,g1 :i 2-U
;;i gi oll,* Ji Jq)t

1 atm = 760 mmHg = 760 torr

Jl lJJtll i:sj; gg.ll L:.'ll i^i.Ju-l -ri .6l..lJt 'o.r-l .,Jc, i3ilt i.sj ,l g:ltj u: 'tt

69ll i.!l-:S riij3 iysll u"r,\/ elillJ -t-+ll .L 
"-:,r. 

dlJly et.:sjll Jl,.iJjl ellaj C.,rj 
il..,*ll/6Jiill 6rs3

:;)tS c.g.s ptL;

/cmz\ A3.6 smr zg8l cmr
l atm = (76 cmHg) (ar,/|,;;,)(--e-,)

gm. cm. s dvne-2
l atm = 76 x 13.6 x987

Latm=

l atm = 1.01325 x 10s

l atm = 1.01325 x 10s
m

= 1.01325 x 1.0
2 2CM cm

+ilJl llsc joj 3Ji"/elJ+JSLJ .i.ilsl !p1 _riJlJ Jjtll Ll9 Ji'j crl '-Jll Sl d.L,i U+l lilj
:*Jt rj..-.:l 2-a.jlj Ji.IJ i+;J)l

/m2\
l atm = (0.76 m) 

Im,J )t*;13.6 x 103 kg

2

3m

0.z6 x t3.6 x 9.81 x 10, 
kg' m' s-z

m2

N

m2

N N
1Pa = ---

l atm = 101.325 kPa

Jil rjr4 ,i!!l i..JJll & ,jLt 14.7 ,g:\;,J..,,,$ll g4t t^. ' t1 i; ;i 1.' li :-. j :ilj
Fll .J'tet*..rs+l{-,,,sJl c.,l;+ill \'iel\{1..,)l i-rui.s,j,"+r(1 atm=14.7pSi)

l$l.\j,

43 1 {...t4'}l&rut rLblt etJrJs,t
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1 inch
1 atm = 76 cm.Hg - 76cm , X+ ., = 29.92 inch x ds,

0.79 Lb
1 atm = 29.92 inch , 

in.t.,, - t4.7 Lb/inchz (psi)

Density ijrSr -.r

.tr,'SJl -ii.ij,JL r+-Jl Jl ilJ+lL iKll 1+^,,i Ul+ iFr ar!-uJl crt:"Sll aai er" g*i i.iljSlt

:d y-!! l.el -*>,-r

m
fl= -V

L:$.,,".I| ol.s_il ,,,."- j_A r.+ l.do JJ+,ll dJs"t iitisjl .pljlt i.sj ub {-iJ.tJl ii)trll liiLJ
.Lgai 

i+JtJ ilslt .1" 1s.r$l

ton/ m3, kg/1, gm/cc, gm/ mL

3_rti 3lr -iKJt ;,ls j+F ,i'+Jl Viscometer 7& qrl&Jl*,i-L Y_i6+" ).L 1!1K j*.ir
# 'r+J'ill e+ J Wz f3l-l riil5 Ug,,j rlll JiUl, ,i-11"" 9j -illJt .t-,., J e+ Wr .;_lL+_l

'Jlls iiL^ 4-{),.1t

w-, - w,

V
glcm3

I : *...t-ltt grl{t rii-o\.c.J\ .\-r-e-ubJ\
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, lons ond MoleculesTHE MATTER: Atoms

dJYl ,J.-ill i,Ii*i 8-t

:s+ L." # qi isir.illqtr.ltjii

;r:l f+ll rlr, ;,.+ .1
Jie !Ji. .D

O-t+-
galt ?'i I Lrlr. .g -'.-ic.B -,s,r.A

:kn !.,i1 ;l r( lrl-r Os+ ! aj3i irta .!
!Ji..D ,Jrl...C :s-r .B t 6ic .A

..td:s i.rlrJl JaJi ,Jc iA ilt J$jll ,-L.J .3
I D g+t} .C B .A

q/l:'J<ll Plli $ulftll i,..aitl i.J:.4
s.D A.C F.B W.A

+lJl d.ill .#ri J.atlll (J. .li .5
er*JtSl .D rslr.c rrll .B r}J}lr.A

i.tru i+;! 4l i+lt-itl ra&lt tr ,sl .6
Zr .D Al.c Zn.B H A

ye ;b A,.bi,ll €,,t-Ej,-,s. -1r j+.7
Ga.D P.C K.B N.A

I +t..SJJ.1;l +.,;,l.i 4i+. llErt tv ei 8
DAI OH Alo c B AAI o

O*t'i+tt ;.t3t ;ir..ll . 9
CzHz.D GaHs.G CoHo.B CH.A

f r si uil .u...S r 'la i-rS 'r dr+.o+{J! el-)ijl r.r .10
2,D 6.C 4,8 5.4

:O*i,.Sl glJj &" sle jii icltill s,l+!l o. j .11
.y.JJl dJli.D 6u*lr.C

tujJlsll
c,Ur+-E .B

e u..,E ull
A#F$JrJYl c,.l

:rr^,,1 -rglSll (i.s .L2
a,C.D Hydrochloric .C

Acid
Sulfuric .B

Acid
Hydrogen .A

monocholride

J#ll +tll r-r"S;sJ j.; .13
N.D w.c A.B v.A

:b-.rr & qb1s u"lJa rt.ll .14

45 a-sL(,Yr &rt-.lr rfutJl etplStt
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132.D 100 .c 2',12.8 121 .A

:gJl-J J,'t-Jl o. -il I . 15
1000 cc .D 100 ml.C 100 cc.B 1 cc.A

:4jE/1 J'. .,1i.. i-,lljll U"l+Lll olrrj O. di .16
$J#.D ir$.C &lr.B cJ+.A

fJi.{is:ur t .,j..;i"9,s .L7
10i.D 102.C 105.B 103 .A

: J,le+ 2 Cltlrs I + 5 4iIS cJjL+ pJll rUl tr.r la .18
&5.0 ,t2.5.C &10.B '.Y2 .A

...-
a-#L,h &i!11 :ii-o\,s,}\ '\r.oaJ\
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lntroduction L)L 1-2

jrti" et ,-i;l+asll .Jcli:lt c.1rl,- r*r-.. t 
\rilt cJl-ill L|JJ clr+ll !l*lt J) l.3J!ill js^l

jli+Sll Jeuill cr).:l,- ki";:: #t .+3t crt!\Jt Lt-)Jj &riilt .1" idtrll rt3Jlj iJrlJl .rljJt
Jr.-.XLr,'-,,,...rio)c.l!:,oJl !icJLa*i-tt d.reri. ll cryl.sall #k"l,,rr,,,t irs+,.ilt ,fuJ)Jl
Jl olj;j+ll Jl &lJJl .rl.ui 4+- -t j il.:Ul i! elLl ,LrlLJl 2rliltj s,l,i.-t;L, eU .-Jc

.4je l,+jtJtr;l++sll &Elt ; J.ii *iJt €.,Edt
Atomic Weight dJJt ojll 2-2

.ii: ft gmu I;;j {JS t.r-j 'l! -r c!r.s. *ilt 1!C ;r!t iJj il5sl ardJ _1..iJl cil} iJjS 9
11!),Jt 3^ #l;.$ .';gln:r -rjSi .l fJl '.-i*ll ;!t :jjJt t-i. +u-.I+.r . (u) t^ jl

X ,,:1511 . *Lil .e-.plt ;-/t) + 0.r.. -r i+* x cjr)l ,-+Ljl slJl gj!l) = J.-i,J .eJ-rlt u)lt
* /o: o.s, o i-r.,ri

\ J.J .

Molecule, Molecular Mass s+-r+ll ojJlJ rylJ.t 3-2

,1.67 x 10-24 g !r$+ Jlll U+- ,-& .ls-r,)+(jl i-Jj ,.rjJs ,i:: "o +i.- ol;rll ..1i .-J."lt ;
l_yi -r,; i,r t riJl pt!_1)l au 6. &t .:lt .tli dll+.9 . 2.66 x 10-23 g .r-rt+ .1g+"S)l tJi gJ1-,

i-i-)til| o:a & ej] i-l r,-i.*r.ll le .'-ir oU.:Jl uu3i rj-jji^,-,..,1-,,.11 ;^s dN3 (iJ#l iJli #
c,,.-r $-r (1 , 1r, 16) JlCl .,J' *.A (H, C, O) c,lJ! i.r..,,ill jl-r.,Yl 1Li ,61.pll 

'rr"'; ;lj-ei
O-r:lr :$^l 2mu iJL.iit kl -,.-u-l atomic mass unit Lrilt ilslt i.rey.r"-,: i:--e lal

.16 amu O ,.ll+-,srl (!!tust; .slltojJt I 1 amu : H ir+:-.rrxll (+!tals.lt) ult

.or!l{!dr ;l-.,;j)l 6^.sl.:s(1 amu=1.661 x 1O-24kg)!-,',ll iljrYt t:..rri +r.:il,

++"+ +* 37Cl 
"uls,7 5.4 % i*..; ssgl rs :d us L+l! d +JE .,Js]t c,1;3 ; l -! JEr

t/sll (Aw) q;rtt;.lstt!-,Ji" t-i rO:(Jll

175.4 t, 124.6 \
Awcr = (* * 3s/+ (100 x 37)- 35.4eamu

;i ;S"l ),.-iJr ol;i;l ;'; ) lir ,ilt 41 4pl-Yl r.rsjJl ol iJllr .rrul JSii f.+i I pi,Jl
!:L ll; qo +-il.r!l ."artt ; a.ii .'!- , "o,,ll ;tS U"6- Jil,.* Jr. JS.jU iJ,#(l 1*i,-+.: ; .l+i
(Od ,=ts,Js.le )r :s.3: ) JHiJYI J- *e;i irL.rl-,!;tr (Ne) ipL'i gi ;s Js.j,;jgJt !p" u

o-.,+ 1",o+>'54 )l "-i"ll +* ) t-5r.(Su) 
-,W JS,! )l "Uf6ll.E^iiL3i:L el;i-e,

J- jls,,ii r+1: iri .,Jc "ollii,llj i.r:l-e i;: ;^ -jSi J" J-9Ss \rllr 6rl^! ii-L)l iJ-rl I cq;)Jl .1i

. i,h:.1 16i<lJ ,-#-.r.r o",-FYl .,Jc .1-63 d.1+-,+.rp i-.r!p ,5,!+S qS-x +i ii .r+ J+- L- .JiL.
o,p_nl. ts t*J: ,tei,.ii. _)ti ..<rJl e.g_rr ol'f i:S j 4? "-il1 sqj+ll ri ;-;Jt rit4; ;p

',',,qlLill illxl.-ll si :i!;i ,:fu
.(Sr) ,(O3) ,(Oz) & elJJl u,jril" ijJj+ .1

49 2 {...t-Tl {3iil+t ,Lbll el51$l
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.(NH3) ,(HrO) ,(HF) JL r',rJill -Firir^ )'q.+ .2

Ji (HF) ,(O2) Jj. slJJl o,tji 1-l cJlJJl rc .rJc clr.1 r,+i Jll Ji tJ'lll lra .-1" cgj+Jl .rlS cl-rr,-l

.$!...el;t,r-E -ri *eU:i (HzO) ,(CO, Jr- rllljx
l*l ijrs.ll slrJl .JiS f-r+- glLij: g;lt i1511 lrr} .iJ!l iIS upllii .:slil cA;,ll i]jS ;1

:,J t-S o" iltll J,-u'll c,ll; $l lJill (ilirYl) ..):Sll d,.lts lili cg,;nll

H

N

o

F

1

14

16

19

HF = 1+19=20

HzO=(2x1)+16=18
NH: = 14 + (3x1)= ,l/

:"-! W NH3, HzQ, HF .q-,+ .). xl tlEll +;a;lt (itj-9)) Jisll -,i.^,,,s,.ls+

;_lrJt -rr.,+-, .Mw -r.-i! 4 y_xs,cA;Jl i:jS.lt L;rrlt drtjr)l [_r- ] ."+*lt O-!U
:{_, & .iJ.aL,nll cll-sll klid \rltj ,L#tlt ,J c.,U,"j+ l,p .'rl" o. -il irJt cJlSJ.! jjrjJ!
;r";si,iiJ.-IfuJS"ll d,tJr!4cJJl Jlillt tJ"+--toai;.-Jr iJr_rUi .CoHrzOoitsJ+lt A
i.J.J .L+Lll # c.qj+ Ji c.,U31i i+ & .+;,rJt d.l$l A;;,-Jt g_5.,rr..,1, fyy ;_!l,r aJ

(e-*,_rlt +-rA) pt llt et d. _r & li*!l crLSll .eU.r..i ,-J' t'$.: lt c.tgr"1t ,.,lo i1:"yl

NaCI

L3s"tt ,oU'.tt Lrrtt 3t;jtt ul+ Llo CsHraOlNzS :s';rll Mw o..i."j+l ..tj!l +li :2-2 Jt
:c* +-'"Jl

(H=1, C=12, N=14, O = 16, S=32,) 
:&ll

Mwc,H,,ooN,s - (8 x 12) + (18 x 1) + (4 x 16)+ (2 x74)+(32 x 1)

MwCrH.ro.Nrs = 238 amu

Molar Mass rJe"lt itisjt 4-2

..r. -r-.:.rl+.1ei :.rr .rJr -9i (O) ji+-,S!l JL t- ";. ol-! ;* j-.,p1+.3ii .:.r. .rJr J,.-.lt gi '.r
;* i.::c ,,JLi (HzO) J- l- :.,S_x eF> ;n 3;t-.5ii ::' ,-l' ji (O, & 4J ,-.ro ,at+J+

-, (32 g) fi SBJlr .,.jrlX +!r .rj_/t grQr (16 g) 9i Jj)J glr .rjJl q;:t+ gr-l;+ll
rstjJt JjJt $S 6i ora #-,JJ (,rlli< ja Jl)lill :l3Jl o.:a .1," .rsljJl J-1Jl {l:S .,16l JUrJ (18 g)

7 2 *,..t/{11 &i+l ;iis\sl\,\r-sr5J\
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C !.c*$ r iL.'.rr ; gilL-ti 1,ir:dl
sIOICHIOMETRY

lilll ilsll Ji c+, (Mm) ,i (tr,t) -:.-rt, kl -r"-u,r r+l!l ilsll 3! pl;+.ll i.:-e i-,tl r:Ul ;.
.rl!l \.jls lill g. mol-1 la3:sjj c.rLi3.r)l Ji 6l=,jj+ll ji el-pJt en :slj JJ ilr< gjl-.,,i r:L gy
$JS drjrll i.s1 ;i 11 (amU; i.l.r, i_,rrlt d ,.t!i c.S_,+lt .1. otl J_rl ..+;lt r.-,-r!t -,:* !L,-
il$l i+s.ll L,ill (JrJl OJJI) 4Jr ll aISJ! -ri:;- OJrt .',Jc Glh: amu r" 1+ g. mol-1",n
1l dliJ l5-, 56 Jl o.;-Nl ;rrrll ,l t r-:c :.rlS .rl gJJl .rjrll i+s^lr a.dill I€ ..,ii o" CJlt

.1-2 Jr+l! ey I
.L. t+"Ill crtrs. ..;rJl3 olJilt &d irl, Ct iisll: s+-Ct ji g'1ilt 46J1 :1-2 &r+

,c):Jl r.:-jr irUl +"rS g*tJi .-i a.tr-r..,1 g i.lr" la;Slt crLl^"sll o.i Ll:Jt i*slt c.,t-l '-t.,,1 *
(n) .,"-lt+ JJJI+ u"E l^i.qr irul !.SJ ;;g'Uli, ,i;,SJl g l;s ir-j *roj

n = &)f I .uc

oLl..,;r;Jl irr-l,t m l61l"K l^{i ;1.-L gJ.+ n d.r)i.ll r&+ LtL t.1"11 i;"S gti LLe trelisJ

: dr"rJSi.l-pJl i.sr,t, Ull 1{3K,}

mn=fr
OlJrJyl 0i{'t .tc g/mol 6r..* CaHreOrNzS cr slJ JC M 4+lJ.ll ilsit r..si :3-2 Jti.

.(H=1, G=12, N=14, O=16, 5=32.1):LJ!t

:d'll

Mc"H,.o,N,s = (8 x 12)+(18 x 1)+(4x 16)+ (2x14) +(32 x 1)

McrHrronNrs = 238 glmol

t 12 g/mol0lr"6ll i.l- J.ll i,Estt Crir i.fe OJr-lSll i," (48 g) c,rlJr lr ,-u"si :4-2JtL
:d.ll

,= #= #=4.omol

HI 1

C1212
o1616

32 Oz32
17 NHs17

ITIII

mm ffiII

hvtrllt

EMI

5l : ,...t lttgrt{r ,Ltrlt et5..slt
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+|*sl ./l.3l i-,t- jrtt i.lstt Ot+'t& SOz c.Jlslt +t.si eij d,. (3.S mol) iis +.,oi :5-2 cl&
fS{ g/psl cl;Sll

:d.ll

m = nM = 3.5 mol x 64 g.mol-l = ZZ4 g

ldentification of Chemical Formulae i:Lr,<tt i.r,.€ll .le -i ajll q-2
L'\)-

tl\ii...l .h ,J,:ii J.l,,ill,.6ilt g+-J .,:-i +.,,.,,. l;.$Jt rt/l .,i<j ,c ,+,llj +;t r+,t .'n
.a)-cliill ..le i r,-ll .i):Ul LES rie L : r r; .uJl o:a a.r.o3j .lj-dl t*lls ;c l;-9, rl.uyt
o-;_e ar^lJ .ijS.Jr dJtJlt Lrt]: irisr r-'l^fllrli' ,r<r:,li.i;; o.l *r, ,1.-ri -r-sfr
i.i,r* -r. !_ei :.,y i : t1 .n JJ rj-r:llt ,structurol Formulq iit4Jt .ri *1-,5.- 

jJt i;1,oi|',-
,o.r!+$ll rlL:lt i1-1, e! d$ &J,-r ,t,S-rll olll lrA o.i -).-ie g}S1 4JjJt i;-jJr .,,..,rt1

J-9.+ll J! J.ll .r *o $ 4r ej-"-J .,,(!l lrA _rt o .r ,.-.ic JSI glt .t-Jt ti_r'$Er
't'rdt

:.'pa: +ESJ| .1. ,.Jl)t J,-ilt j krlt iJ$yt i lx {_,j. 1+.Sll el..lt u. tlj]t ijx dInJ

Emphical Formula (iJ" Jyl) iF..bJt i;r-tt r-S.Z

,,,,"111 
-Hrii3p!'rrl.Jlfu1S"lt -rldt .-&,r*iil .+ .-!rtJ.*-s]t ,;. ,.[rrL.,,iij&u-lt dJi ,rr

.".rul dJ^ .sll egj+l fu &ll ,il_t-lYt qr..r & &,.-.ll 0S"J 1OO ,+ i-,,,ilt+ ,c,Li-lS^I ,;rr Jt
c a>, turJ t o r !''rr'rc i *dr', fl f,f,lf i*su^j:ffi. 1

:rxU+tll: n*|-,Syl ,C#JS.X 4.'iVl ,.+.".ill €]+$ cidl rLelt i,.. i3 ,.,1t. .6-2 JU.
rl,.lJ ql3Vt iir,,.tr +ri 88.9 % O s 11|.l % H

:rj.lr

100 ,+ i-.,6I1+ i.lr:ll Jl ,j!" _$l !.d dr.l

0.111H+0.889O=1.00 eL

g,FJl o:.re & O_6-.JS e"O

0.111 0.889

L76
0.111 : 0.0556

L"Ct" -'i.-Yl *lt Jr,:+.,,.t11 f"fi

: i...|*ilt &r+t :iinl-Jl .lr.o.r5ll
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STO lC H lA M EiftR\

0.111 0.0556

0.0556 0.0566

t.996 : 7

2:1

.-'J- . H2O + ,l 4+JL rlJi;c ,*lt JS^JJ ;x+Ji 1 J! .r+r,r+ 2 3 A;;.-Jt ;i gi
(subsCript a:!- 4L) \r"'i) slJll ::c ''-Jl i'J ' ;li ':ii<J

Molecular Formula iir" j+l ii+all 2-5-2

,g>.lJ t.,-6^ J.-le 'uj ,-lS .1" o+A.tt :Jl tl 'J-riJl illl-.- ii,;Jl aij,il a.iJ'- 
\FIJ

elJl eO; j-9S; 
"! 

1i" .ca-r+Il i:t'Jt ol;,ll :l:ci u-j J. -rKi 
,'' ,'jl ir;!l L+,-lt ;i L):

-1^6 :+J, ) 4j),ilJs" * H2 1zO lz :i HO r, ra-,,,ill,li !.) . tSn: Hsga ti HzOz li HzO

,-li^ ,1-*1,j.4+A +!l .Jjrl 94 i:ijjsjl ii5ll J! (.Jr-Jl & e*::' sJ., t_.;rlt ;
..r^ ISA: .colligative properties iuly'l trldl ,j" t\ .mdss spectroscopy iru i|L"

.'g;JJ4.;..-,lt ';i ll Jl &-ill ;6.J,g>11 g-rrlt ;-lrJlj -pUJl c.,,l-.p.,"t{L-.-

,:,r:si .H2O u.r ru.ll !;3tt i++-llr , 18.003 g/mol u.l rLlJ fu. jrlt i-Estl Ots [l :7-2 JE

.rt-l,l !i.,;+lt i;ytt
:d.ll

cUl i:jS."lt cJlJIl jJJ = eUl g';j

2H+0-2x\+1x16=18

(18 = 18.003 g) 4*!lj+Jl '.1 tt i;ri d HzO o1^ll ,:- ' -dl i+Jl lil

crl-! s.J j+*ill u,llj jJiJl $,ll .fi tsl i.llnll Ji iii,6.ll a;;.-Jt .Jc J+.i qqj+ll ii-llJ
.jel..1ll ol-.p::c .,)9 ,.,-Jll .+* e[.lj ssl i:r. L..ti olioL:^ gJ-,5: rg>.lt \53:S_!t

(i-.-. Li_j ii3_.1,- i+& 6A g_,;jll l.:a .:r.J) !.,S_*X \f+!l ujrl i.i-r- .,r^ !1,- et +Jl.9 (n)

,etJjJl i+,all 4il!t ijlsll

L+)li+.-x4Jldr ixsll
n

53 1 i...|-yr :6! !-r!t 'Llrlt e E+S!l
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crr: . CH s^ 4l iii.a !*lir &-r.E- uJett *tr d,.l i.l.Ji iJ- ,t.,!,Jl'LJl + :8-2 J&,
r:r,.. jrll 4Ir.. olt . (10a g/mol) t+i oJ+g a;tg.,lt i-EsJt

:d.ll

12 xt+ 1x1-13g/mol ;L;,-!*,)lcbJl l}Sll )1i ,,,."-r

'&,1 '1ll cllJasre,,,..'-tcll!(104) sljiJl OjJl ,_y:l-:;*;rr;"cll ougi Lr

104 s/moln= rE;h;r =8'oo

.rs+ olr-r ceHs rs q.,jsi d,)i 0s-, (cH)a ji (cH)n 6 ts_*ll l*j+lt ri iliti.ll {+.-lr .:

.Or-6lt Jl ir,.,Cl-. t-1r;6ll ol-1.r .r.rc lJil *:Urri c.6JX oJ d
Structural Fomuro {*rsjll Ai+,.all 3-5-2

4,ris i.iJ,- ejlJ J., ,iJ-ll siir +J.il 4*.!j+ll i+Jt i.i_r,- q-..-,ll rl+Sjt \5.i 
i.-l.Sj 6:Lr i! )

J LE3 qll.c i-,,kJ ur!,^;<ll 6E-l .,sllil'0r.,-, r+-,,1l +j Yj .cA_nJl .,.i cJtJll l"l-6Jl

#;lt JS.ltt qs:f (1e.tt) i++-iCt sl+j+ll & .6!re J*attc sJ, lAJt i;r;slt sl4j+lt
.rlFll ';+ elhs3 c,gj+J! .5.i ill-ilI (!l.c *+."ll 4dtr":Sll iJ-lJAlt .Jl9 dll. j .ri,:3 .rg}.lJ

.LoJ:al i;-"+L" ui-ll3 c n;ll ,.-t r lJ j l.:lt l.|iijt ,Ji. {.,,," ti,lilt

;u,. }sJ ijs..lt i+#jll iii.a.lt ,ral-. :g-2 JE
f CzHeO P4-ej!

t(litJl dE ll o.l 
a:*t1 f. qlll CsHa r.r-+lt

:d.ll
CH30CH3 J-dJ"ll ;lji jil LAJ .C2H6O irjr, _jill LJ.-ll rEil tC dJJ! dji JS"t ;tiJ} dln ;l-ri

.\jjl+"r6lt cl}Jl e _r$lt ut+lt e.-lJl u"r .CH3CH2OH (djf,J},J$yr ,Jr.Slr.r

Jl i+,;p".-r-.,+ell crtJi $e iJil ;Urri \JsJt Ur"a:,j+ CeHs :S>Jt O) i_*,i:L,r:

."+ .l lx$-iit Ai;.-lt ;u ,;,9,flt

J1;;;U*.,l1

IFI!

t-
1+"1-Yt tilL,/;l ;ii's t'€J I r i'r'rs*.s: I

GENERAL CHEMISTRV THE ESSENTIAL PR'NCIPLES
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STOICHIOMETRY

\.]

Chemical Equations 1,,i" t-,, ,rStt C,,trtr-.lt 6-2

.+t+ gll )Jijllr &Liill l.D g^ i-s:f.ill rtllj;lagJl &lnll j ilitJl :tjJt 4.-; )r- e
:ljJl ,,,r(r L irtr3 Jjll ,JEJI os g.--1.jn ll e<+r e,#,J-!_r er)jJl ::c ,.r- u. LJcl,iill lia

.dr+Jl Jl JL,3ll d) ilJJl i-,;iir t,+lt i.c-lt o.i i+stilt-,..9 ).Cl 4{.rlt ;" lJcliiJt
illiill rlll -r i;i[ll .rljJl

Reactants -, Products

i-if:Jl .rljJl_e iJelii^ll :l/l ax rl6ll oli)*ll :la.;l g. l.:S.i l+i 4,i. l+.Sll i.LtJt ,-tri.ai 3^3
,..:.si,el furtr 4+,1*.6.11 il.:l*Jt OlS aJi ,!:E& -J!"lt j!.Sll ,-rGJl rl-.p,)j,jclilt ul^LY,

'AJ, till drl ,ti,ll 6+:i;i :-.,', fuli_r +.,:. l++S 11.:1.- {.,1:SI, a]l(lt }i- rJilij
JI15]l ,-ll+.^6!l e rr+!!l d'lnl $" .i{-, l*9# ,J,:U h L::lJl rlllj ilcl;r ll rlr4ll ,:..l<1

.,"Ji"il!l 'J '<i

ilJ-J)l + aJt+"si ---r rlj^JNl l '<i

.iii$tr ileri:"lr rtl a+Jlj jTFJJL a]ltJl,,'<1

Al + 02 -r Alzos (tuj.p";aeiht -)

Bolance of Chemical Equations 4r!"lttl c,,y.t .:t o, t-6-2

,dc'liill &! otrJt -uo ii *.1' ,--+ gJt ,rrLllJiir ojE .,le aLl ,lJ.rl,Jl j;E ; ,:li$l gjr ri
. &1":ll q elJlll JJ;

4il+."S]1 furtr..ll Ojr eljLi
e 
[ij) . ;H+..S. )l :j;.j,r ,uliJ#ll jl; .j-p iJrL- IJEJI J.].1- .Je rtaiijlj^ rl-/l .i-lri,Jt ,, 't<1 . 1

jy-6ll ';,,,<i o,:Er eul

C4H1o+ 0z + Hzo* Cgz

rJS Cr* Jl !,,-.:S^lt *lLJt ,oll -1ll ,i-nL,,.rSll lL:tJl ..f.1J. d)" !.-ic JSr J.-tie !c. ,,,r<l .2
; oJlJlS ,i-1.r

1 ,gt'll e4;ll ol_,! lc .i
4 = r.re-6ll crl.p ro

10 = irs..l-.r+dl ol-p.r.rc

2 = J+Jll ;-rt-.,p r.:o

: dd fuJ el.;i ue .e
1 = .u-6ll ol-p :rc

! = dp-e r+ell crtj! sc
3 = dli,,,6)l crt-.p :.:e

. ".rs" lt lr,Uitl OH+,,,S!lr,-l+r-.r+<ll c.,l;r.l JjJ dlJil .3

55 : t.-t&Il{3tr ,rt rLlrtt el#{$t
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I xra

E
rlll o.i \lJ c*rj+ JS,i .,Jc -r4 grlt "-j,i+ ,rJl ,,,i.r,'!- ,;jl-fll c-rl,p i.i-1lj- i+l .{

. i;juJl :ljJl3 ,{lclij.ll

\Fi irJ+ll ;9-zSll ol-,! 
"-:" y t4.l-pl ,Jj"jll i'eJl os a-ir;jJl ;rr;i.ll i! ,J"t'.. ;.'i .5

JJ"JI 4€Jl

4 jn .r-*jlt ie rll J le.r.lc l-"+ ,1 .lla ..,,.Jl fu+ll d.tr;Sjt r-11-.!.r.rc .i
::c 6+-+J..r,-,Jl .i.eJl e t6-rr1l! { :.uJ.,."+ll ..6+ll .J;e Sll clUi Jrc ,,.r r.Jcl .,,,

:Jlll Jls.'ilL aJJ*Jt 
=+l 

r{ gjt-e.iJ:tJl ;JL o.i ;r,r;iJl el-i

C4H1o+ Oz - Hzo+ 4coz

c.,,Q-,+lt ojt er. c$l)l :+ cl. ,..r+-l-t+<ll c.rl-! sc .ljr i+l .6
rj+ll 4.6:ll d.p"._r-1.4elt crl_.!:.l'l*+,10.1rad;,*1ll ia-Jt i.lt+-l_,r$l c-rl-!sc.i

"l+:-.,+dl 
srJl jj! .5t+lt {{..X &lJt {.il;t ,,,i; dlJ.:J ,! 9

,1;rU..:tr.rlt .::r 6+.=! ,g s'Jl o.!.-)cliill 6.11; ostr3;!l .J"J+JJ-r.6JI ol_.,f lc, +Ft ..:,
:JlJl Js.ilL AlrtJt :+; oJtl!3

C4H1o+ Oz + 5HzO+4COz

$lj: rrc. .l-.._.r-edl crl_1! -uc jj3 qLc,.r e1g:)I .u.,,..tU+.f!t ol,!:.u..rjf i+l .7
s)-L^ i.iE) i;;l ,'l I 9 .r+il {a.rll os lr* L* ,2 .9o !r!t fcslt # ..,J+J)l
8-r ,cUl rt'-.,;;, ,J ,:p.Si e.,t;: 5 1a:c A! Li^ ,ill-.ll ireYl .,,11..11 ;| irFll ;il+j-X
J'tilr .r s.!l ie .ll _l"Ut a-aul .;;1 lil s;ylSlt +,si \.jE o.r> J Jy+Ji jJl)r

. iJ:tJt J>t ..,s crtJlt $, OjJ
ol;,ll .r.r ep-l ,1312 s,Jl i iJoUill rl3Jl j ".ror.!l JJ+.,,S)| irl;.: r-:c .iJ;l .8

:Jlll JS-'ilL AI1JI e+-i1 ,1+r1,.,i.

C4H1o + 73/202 -+ SHzO + 4COz

crl_2.:ll ::,j Jt.* irJ-+ll 16;ll j,.Kll crl-.,pJl :.rc ji ,'rrl ,i1.1*11 jJt; citlrJt sc, C.+l .g
. .i"Jl 16..ll *i \rSll

.il;!-ll J r,..,Sll elil) 2 ; ilrlJt +F .10
2C4Hn + 1302 -r 10HzO + SCO2

jg$,ll -Jt ,,,-tt .; 1*; 6.11;r..)l is.i ,"':ll .il-!Jl 9a Ltt-i .il;r iJj- 1i^5ll il.rtJl et;fl.
(lSa3.rs1;l ,l=6ll ?..j,J.-.eLJl .J.i-Jll^.-LL,jli)..]Eur:ll *.iilitJl :llt s)Is,1(oi-p.

;-)L ,; -r,,,,lj.^. J-Js -),+ JJ)sjJ rJJl ri ,f Fl' 4ri.-l iJi- Aiis>ui'Dri-c .. x<1

zrr, + ZHzOgl

Liquid rUt* (l) s Gasic# (g) .-r'
2H 2(e) +0

1 a.,.t.!l &iruf iio\rJ\ rl.uo'r5Jl
GENERAL CHEMISTRY: THE ESSENTTAL PRINCIPLES
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Sf OICITIOMETRY
uJl-!{-Sl,JLI^+Jl

o.AltStiSlglTTsvetsible Reaction u-al $ /etiill;kJ o)oti:ll u^ ul++; eLo, dLlA

.1" ;F+ L;..y ,(r#D e:rr,tr iFu Jl Jl+ ee+ 4j' J* d:)! 7ltl 'Reversible Re.oc.ti91

s;r-, n:rr.,fl J N i* *" ,s"l oi,J L. ,tu+ll, irrall Cl 
l-r* .t*jl-r d,J"+^+ s+l &lnll

.($-r)r +Filr- i lx)'Fill ie' r J! r'l"ua"Jt

N2+3H2 =f ZNH.

Theoreticol ond Actuol Yield d!"5lt

Direction ol Reoction iolllll otr'rl !'$'!

Heot ol Reaction ,Jet-liJl i_11.p 3.5-2

&lji! s.lrillJ ,;-A:lt 6:ult a-5'2

rltaiLtll & 9;.ii.x riilt.r t'i ri) &lnllrrl> rsr.;) $t 6u+ $;l+4sll :P...].*.
[+) r-,u)t ,r.rll,q 6ls ** J ,4, eldl..+ "x',tf"'-'i ,J dlli i\ "'i'o '(sJl':i)l rl
.25 o6 i-,r-pi+;r.r rb cul ;;ji: {lru- i'll r.J+i- } .:i}:1+ii&ld! ',""' Jh!^ll liA &q- 

ZHzret 1 Ozre) --+ 2H2Og1 , AH1 = -57'8 kcal mol-1

s g;-.16l ,Ut .,"Lt-, ,g; +.:s $e ililt-ll iJl Jl !.ls $ -57'8 kcal mol-1 llrilt
gl.,-iil1 i.ai +:i.,ut ar.,r;r L.6;,s-,, .(t;l-.pJl r-j-t jotxlt 

..1i *lc J$ iJr-Jl l-1ti)l ) 25 "C

:o-.l., lx '-'l,,''^lt

IHzret* 02.o + -57'8 kcal mol-l + 2H2Og1

.;i L113Jr lli,Jl o:r . : J J..Jrill a+Lj,,i Cirl * 0z1gy - COzre) qJtill l'bl"ll ..t' lHq

.j1a-Sll +-,Si dB.r" J-r 1 *-t"J 'J4+J)I .r" J-r 1 6" J"ul ,.lvill ..l^ Jr'1

urs+j jd+..,S)r ;F (16 x 2 g ) e ,.j-rsi ,..re-6ll ;,' .+ 12 :jl .J-l,,s lKl! 'ilr "' -'*' .li

...,g-6lt +*6i 61-3.1" pl.,;+ 44

jliiJ-ll elii..,yliilG-r-r,ir-rAll isull .t iJlll-r4loiiLll rlll t#lapvql-t,|lll i}l'^ll Ji^j

lr;' ;",-. iZj"u:-;tl.+rtiit,-i.J.3 lrA.5lej-L$l!e+44gr'+)i T!frLJl ail'ill

,Ji+ JU' Cl: ,.Ilr .% 1OO o,-r:.,,yr .tF: COz .r" r.44 T A!r- iJ+''s)l ae+ 
32e

;*rr+.I, ;"'''-:- 94 "i 's,"J JJ+.s,)lJ .+-Fll .1" +'l:-.-J' {ff ii is+ )- :,{ilu
-Ui J* u r,Jt; dUr CO, il.i i .r.-r ;e-Sll +-si ;E A.,x it +.,ldl:' j-rll .+r-r*. 

|-'r-r
-Lii+Ur: +J'-, , ,b +.,,fl 4r.'t-:,.,, -,,-,,g l-ri. lS^l ;Ub)l ;,s u'rii ljl A'-].'J r+ 44 t
- .]. S t,l *" "x 

i.rr"lr a.,,^,,,.,t' .' .-r - aO 1:^.rrs * ,e+ 44 j' $i a,,rsi- (Jii'l)

57 aa-u}r 3rt t\l rZrt',l c Lr.dll
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I
I

T
a I

*l.ilr Arullv- x 100
s ult ejut

x 100 = 90.970/o

Limiting and excess reogent i.rjljJl ;rt JlJ 6rrr.ll ;rul 5-6-2

A+B -+C+D

tir.il.,!13 i,r...t! irteJt L.{li o# .ur+{syt cr fr 50 6e 0e.Stl o ?+ 12 6-> i:12-2,Jt'r.
t6l$Jl ;l.rir tr3

:d.ll

"] ::, B j-l tns a. &uU !e:lq ri Ulj *lsi A ,.Jr 1i"S ..,lrerxlt cLe3 p Lt- r ;i . 1r:Ul .JS g" fl irUl ..JS 
")crjt gi ,!ii ey D &tdiEr, 

"* 5a ) e;l.i &li:lr qQ.: u
+^;l r- 6. A ,JS J'U+ itUr o:a i-j rg ;. ist.; i;"Sj { ;i" L i.r"S Ll:., ;frrf, ;n j ,
Y: 9 I D fttilt eu Jl &uyli A ilL ..l' g .r. .,u L &tijlt ck+ *.,"._e""; 

-
A i*^<i 

')etill .-i!.lil ldklll+ r:) r.:.r..lt ;rur., *^..lll Li,istrjt 
"Uir.,. 

gl.Ur -jl;

6. B irUr ,-1s J,ui: ilLll oiA .,*, A.r^ r.,.,j rrS J'JB'j:s*ff:s i.rji .,J'till eilri Jl 4!t;y! B +r-. .r A ,.J. rU l- JeLir *,+ _+, n .r. lal L_,)Jr ir -<r1

.illjt irtJL A-e r.r,- Jt i.rUl.r g lJl-rJt ._ *" *.";, . 6 , p
:LA ;I+A JeUi .9i o.i r.rJ..ll3.orl.1lt 6rLlt +r-r;64

iJrl,- ;1..S f J'1i]IJ L;DU| 
4 t:Ul e)e" rJc' ,.,,"ii k#: :.r):Jt ::c fu_.11!. qlL .id ,-FrtJt gi dru &: 1*i J"U;tt.",r^rr Jlt syll i _ _r, .ra JJdF;,r1,

B 6rur i.Iis e u,.u,i &*l LjrrrrJ+lri A irur its , ,:i"fr', il,];f ["tj .".L J',i::r .J 0.trl!"l) ili,lJt jur)t e" eJill orA ;_)rii,,: J,ri:liil.L_;

,=(#)

")clil.l 
iJ.rl,-".ijlS lil Yl kr..-.JJS.r y irljt .orulJ irrs_"ll .orul 

J)i.r.i,,,,,11 l<lt c.,L,,L.ll
i.rL.)c.tn ric ;.il:LJl tujlr. q:_$ lJr ..-lL eJl # i+ g-2-plt .J" dUJ;_ .E*t, f.,r;r^

:;_r-r-.,L J"ti:X qlBr ij).ilt cJ)rjs)t &r -++;i ;S-. ,1,,s:r iU (ei"_i a_ il1ay

C + 02 -+ CQz : lJJ.-1I i.jn3;,J+.,"S)r .J .1r,,rslr JA

:,...l...,|,r lrLrlr :iia\"s.ll .\r.o,rsJ\
GENERAL CHEMTSTRY: THE ESSENTTAL pRtNCtqLES
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Cl+ -r$t 1t".1tt 3 g.
STOICHIOMETRY

3 = 1.0 mol
12

1.0 mol

lmol*1mol -+ lmol ./

# = ,.tU 6el a.tjlJl rll o)jJl :u .l
1 .0 mOl+lotiiJl rljJl crYjJl ::c .J

( Oz,"r.J-r 1 a.-* C .r. iJ"r'l .rl)

0.56 + "*) (3) .r" (2) cA .4

JhLr rrljl 9 ,is+..,S!t ,..,i-1,J^1SJ11,at*r.,i ti d+s, ,i.ss.ll '0.:Ul 9 ;jl-.fll ui e;tJt u,"3

0.56 mol JA 'lJrJJl

Methods of Expressing Concentration in #ts-.ll sl r$J.ll ue *dll ,.i}t'Z
solutions

J#.{l JJt Jl.i ,1.e+- Ji l.d)J. r.r 3! rrrr< i1y, 1i. L(-l+iis '!r&i^ '!rul -}:tL !pl+ JJ"t ;i L.J

'irJ+!l J-JJI eujs. si!..S,.1c J+.1U6;,jill l.&ls l+i )t , a:; oJtlq iF- -F-.rJt .r'
.trf .J L+r .J Jr.ll suJs" Js iJ," irr$ \$ o3 ri d.J.,"ll of i.es' !ii; s" r:j:.' i# 6" !i- 

:j$.,;Jl .1e 'r+ull 
L:i:^l,..It 5-.}ll p)

The Percentage a13-:t i*";:t 1-7-2

Weight Percentoge l,jiJl LJ'-tl tr"'at f'f'Z-Z

ilis cllis lrlr .J JJI .J^ plJ+ fuL i aj-. jJl el-lJr'JJ LtL Llr"ll '!rul il( .p l-.rt+" .'/
:.r-F. (m,or) J.J.JI als Ji (m2) y' +l.r"ll als: (mr) d +;Ut

Illrol = Ill1 * IIl2

'an-rAll ,ra ..,..,- ,-rtr"ll 4pjrll +-9r^Jl 
i*.,11 ;-9S-r

% solute
lTb

- -x100
ffisol

:4ErLll "rA 
,,,,.,- :* 1ljrl tj-ll idl ;f,

% solvent =',r1oo
ffisol

a.+rt4,l &rLAl 'fulrrl r l{Jsrl
GENERAL CHEMISTRY: THE ESSENIIAL PRTNCIPLES

59



43.0 l.p,+l+l-iF(NaGl) lr+r.a:l rlJlls;Jrl 4iju'll LJii.Jl i.^,,jll ,,.^i :13-2,JtL
rpLtlix 109.0 g cF g

:d.ll

; tfl*ll , "++li+

Illrol = IIII * IIt2

rnrol= 43+ 108=1519

% Nacl = '' , Loo
[sol

%oNaCl = *11ff" r00=ZB.So/o

i;.,".i ,grg ruJl 6,1 11.5 g d CzHsOH dCEilt 0. i.25 g qtl! &t-..,.:r :14- 2 JrL
I diq! i.jjJJt LJ,i.I;*,,jjt

:d.lt
:''u- d J.-1t i}iS !1i ,,, .-r

Illsol = [HzO * lnCrHrOH

msot = 11.6 g+ 7.25 g = 12.85 g

czHsoH rhJ.irFl ir.Jl ._JL...:

c2HsoH%= 
mc'H'oHr 

rro
Isol

t,25 p
C2HsOH o/o = 7dx L00 =9.730/o

Volume-Vol ume i.,'r- tt L-.rlt i-,,ijl 2-1-7-2
percentdge

( 100 cm3 ir.1r! t l+lLr) I.JJJI e+-l .J. r",j^ LtJ"lt i.:Ul e+- .=+l (v/v) -*_!r+ U _*-u.r
:"llJBLliJl rJll i+J. 1{!-r.lt ir..,rll d!,jiJfur.ilul .LltJt o.iLLo.rij-jr

volume o/oof B =.]L x fOO
vTotal

1 t...L,ill &.r+1 :iio\-c,l\, \r.o.r5J\
GENERAL CHEMISTRY: THE ESSENTTAL PRINCTPLES
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sTolcHloMEtRY

l'JJ.- ii Jq UJb 1i; .r+-,_it .,,."il| ,.lJ JtJl j t-s oLtSt" Wia.J..-ll .,,..r11 # .JS.g l.s

.t" 100 Cm3.-E 6..ri \5+ lra , 40 % (vtv) JJ.Sll 4+.d crlS_j cLj.JJ.S.J".J-,S+..)..r.
.oL 60 cm3 : J,r.S +O cm3 elltio .Ji J JsJt

200mL dl d+E# 50mL iil,:!i o.,p.br: t' d3}r.l t+.sll Lrj,i.tl i*.Jtt n.,,st :15-2 Jtir
. 
pl-r

:d.ll

Volume of solution =$Q + /QQ= 250m1

o/o(v/y)=ffix100

50
o/o (Y /Y) = ZEd 

, 100 = 20 o/o

Weight-Volume Percentdge i:i"..ll 4.,j. jll liJj"lt ;.*.ill 3'1-7'2

Li"s .J JJl!r^ 100 cm3 .J qtUt tiJl eLlJ+.r.rc gp. i;Lrc .+: (W/V) -r-!! kl -x>"-r

; 4+lJ" rS.Jl .r. 1 0 g ;i -.',+ rn Q.0 ok w lv) ,j$-.! eUl -5.! rSJl JrL- ;i Jq u.,j'

;i:Nf! .*!,: i;.-!-r: 100 cm3

o/o (W /y) _
weisht of substance
-----:- ., 1^n

volume of solution

Mole Fraction *"ll ""-sll 2-7-2

. (n1) cUrS. s eY-r t-r+- Jt (n) tj.1J.^tt sUf" r-i dJYJ,e rro J# :r"'ill .-l' tt!' :a
rlr.ll JjJl -,,;JJt ;G (nr, na, nc) .rljJl o.re a),y .Et (A, B, C) rlj 3)j l+J..,i .r-,1,l1,.r

'oA

I14 hg
xxA xB

Il1nt

c+F

TLt=TLL+nz+n3+.,,

:g:..-lt strJt 'ut: 
3rt .., lr1r"1l -, r,,sll oiA 1i^+^:

DC

Il1
C

5l lartrllt lrLdt r a,l.lll e Lr+rSll
GENERAL CHEMISIRY: THE ESSENTIAL PRTNCTPLES
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XX=1

XA+XB*X6=!
n4 ng n6 nr

nt nt Il1 nt

dF (0.735 mol) s& .r-rj+ drlr. sf NaCtJr ,HzO rLll JCt ,".st! '..,.."ri :16- 2 Jt!.
rrlrJt u. (6 mol) 3 pjsr9.atl +.ds

:d.ll
;q.,lSll o)jJl :.lc. ,J "-i

Ilt = nNacl * DHrO

nt= 0.735* 6=6.735mol

1XH, 0.89
nu,o 6

nt 6.735

.. Ilrurct 0.735
eXru"cr =;=u753=0.t,

o

Molality UYrll 3-7-2

Jlt (n) -,.jL ,-rlr"ll sYJ. r.r*l j,^J tiE .*.r"lt ,.J" at-,,;,; rS .,.i irt&lt rrUt o)y lo .rr
J-jS: 4+l)!l ,tl! (W) '1._!t+.t- liSlL \+r"lt i.l:s

molality - I mol of solute/kg. solvent"W'
n

m = 6 molal

,':-r ql)rJt ejLt!,.s 6l-.,1,;,Jl 
'o.rsj pl:i3ul srse.9 mOlal ll mOl/Kg rJY-r .,l qJ)jJl i:.jj

'' .ilill ,,.,.-.,!..

It
Ia 2 a...t{!t &i+t :ii.o\s,J\'\-ror5}'l

GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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g@IEH@NNEffi

800 L,p JJSI , a.r cr (2 mol) 4.ititi ;J*,.bst I cl.rl-..] 4+lyCli js. -ilt r,,.-l :11_2 de,
trul ua g

:drlt

molality= rfo, tooo

dJilr.ll iJ:s e+-l ,:+ft rult y !s 4. 1ilacl.e.sr.yall +;ulls o. 20 g tril dc :1g-2 Jrj.(Na = 23, Cl = 35.5) :or crt.1lJJL;iltoljJu oi+i&,U-.ri1;xri*[i.9g'g-*-JJr

2
molality x 1000 = 2,5 molal800

Mwurcl = 23 t 35.5 = 58.5 g/mol

m20
IlNacl = M* = 5gS = 0.342 mol

w2 w1

Wz=90-20=70g

molality- a x 1000

0.342
molalily = -10- x 1000 = 4.BB molal

= Wsot -

.-lJl

Molarity L.JY.rtte-Z-Z

(n) _x_lt+ .-.,lLll ..Yj" :.uJ U;J _/, .d.t -tt o" !.J LlLll irul ci)j. .r.rc tt" i;-,r!" .r'
:rtF !_.,YrJl iJl"i (V) _,*=/tr citlilJr.r dAJl e+-!

Molarity (M) = + 
mol of solute/ L of solution

nM: q molar

z J.-l"s,Tl &rLJt t a.hrl e li.dSrt
GENERAL CHEMISTRY THE ESSENTIAL PRINCIPLES
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cr ** Lr,.,,rr. (c6Hrzoo) j,s.r Jsr cr 3 mor,";f, jfr,"g. Ujk" :rr5
:cjlll

n
M=::x1000

3 molM=*x1000= mollL
750 ml

.(NaOH) psrj,.a,il 4ves3;tr .r 2.0 g * sJoi.200 cmlr"+'a|.,f 
1,20;2 

q
(H =1, O=15, Na = 23) ;L;]tt61t;jtt'JCr'lll{lt"''fi1

Mwu"oH = 23 I L6* 1 = 40 g/mol

m2
-= - = 0.05 molMw 40

flNaoH =

n 0.05
M= ;, 1000= ffi x 1000 = 0.25mol/L

Normality !.,,tr1ts-z-z

u-.r.-r -S .,.j J-lr j. ;,:l i ljp,jJl Llr"ll irul iF irl-,+ll ar$s.ll iljJll ::' JP iJq ,+ 
.- -:JF 

!-rStr ;rs ff) t"-l! crlJilll+ &L^ll e.J: (Eq) J,'ju aj'3ls"ll ;;^l-5ll ;lljYl u'J

E^
* = i normal

+l*.-rs+: .el!. ! k+ g+,jll $e r-rils"Jl sl;jll ::" ,i ,q.l;,lt el-rils.ll .ro ,+ Eq t+-
{1" iil,Jt ;^ Ew c;tS.Jt ijll } m pl;J. 11trUt .rj:1-'+ i5l-;Jl euilS."ll r'lc

m
Eq= 

Ew

Utjil aj).Jl ..p lr.L,s JSa.9!lj ,Lull ii-"ll c"rtSJt ;.13Jt 9 Ew l+n

MwEw=-
n(H+,oH_)

..' ,i 1OH-) rl,,srJ+Cl 3i 1H+) 'r,s::xJl. 
ells'J i^ alr-'3Jl eih'Jl :'rc ue -ll'i n ''t-

.Lleuill ,$i .jljii)lr tr,S)l s)-cl-ii .,i iSJl'Lil elljjJsl)l

a+*Ull &l+l rtt'e\e3\ -usa'hl1

GENERAL CHEMISTRY THE ESSENTIAL PR'NC'PLES
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:o:.rll &itLll ojJill

. (H+) crr.". -lxJl c,t ai u^ l.:-tr'ultS^ {si: rro .}+ g.Jl 
",-Jl 

g1 9
;irtlll 6its.cll Orill

.(OH-) J+fl>xll e,L:3si ;r i:-ly Uils. l6<<il rle .rlrl o:Jl t.rclill g-13 9
:euli/ls"lloidl

.sUJJlSryl ;" 1r.l_e UilS. dljii)l iic ,.,,.r<1, i.u6Yl rle )iii (Jll elJt Ojr rn

:g.r'?rliJi dt3e

oUai g" (2 mOleS) dy 2 &.sA HzSOI 'r\r:*yill , ra"r o" .l.lrl dr"ll -

.i^.. _rlt C1.,. _t_,,g6ll crtJli rJ.;.ilS" | :.u Ji , (H+) ..,+.". -l-.,+e.ll

ilEj1i ..1" 1.:s,l-9 l.y .Jt UA (NaOH) e3$J.-ll $r6j-1!a trct! Ll^ :-11 rJ-r -

.iJl-Jl ,Ji".S, JJ.r;4II c.,1.,9i .J.,.r!1S..slj ".r' ,i , (OH-) t '<l-r+ell

Ji ,J+.,,SJJ+dl c!Ltj1i e" dy2,b +-rq Ca(OH)z 61;,JtSl t"'<J-r''J^ ;r" r-13 J-r -

.Llr-Jl Jr,..,Sr '+ell 
c.,Uli iJ" #lS^ 2 s'

- lall e;l qlulti!.ltr

NaoH HNa+ + oH- Ilou- = 1

Ca(OH)z 14 cr'* + zoH- IIOH- = I

MnSO* + BH+ + 5e- --+ Mnz+ + +H2o + s1i- De =5
slJlll Lrlll cjstt Ot+i-lte el(OH): rJB,uAjl ++.6JJ+{l Alls.ll 0JJll +,"r1 :12-2 rjtl"r

(H=1, O= 16 Al=23) cl q+jltur +titlt
:dsll

:d eJ#J".I)l ! 'K-l-.rr..A '-'l<il l]ll,i

Al(0H)3 +Al3++3OH-

3 = ,i<;dl ,.1c :.r:$l 0H- s),r ::c

,Jr"/e+ 78 = .r;rjJ)l .1."<:>+el 
'+-Fll 

jjr! illiJl 1+l/l dl6ll

r.1pl)l +.^,,SrJXl .,stS.ll ;'pJt

GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

tF _c*$r.', t-1rr 3 gr-tiil[ JllUt
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E

Mw 78 e/mol
Erv= **n-= -#;l = 269

i.Jr .dJJr.ll cx 400 mL,/ 16 g ,,Jo ggo: qrllt NaOH ,JjJrl L._,,!c i+*ri :21-2 clrj,,,

(Na = 23, O=16, H=1) ;Lritt .Pstt 6t;
:All

Eo*=ffix1000

*= r*, * x 1ooo

IIIN"OH

r=mxlooo
I1l paOH

/MwuroH\
\ noH- /

ft[ =

N_

%ot mL

t6
r23*76+1.:,l\----r-]

x 1000

0.4x 1000 = 400., 
1000 = 1 N(1 normal, 1 Eq/L

400

;qlEll i-i),Jt,, . (Ew) cjtS.Jt Jrjrl & ellL iJUl jjr A^..6 4J.lJril crt-rilS.ll r.r +r ,.- ;Sej

mEo=-,EW

UBI i-D,ll ,;a a.r.l.,,r Jfu .g!l3 .irlr.ll rrl^ll cilSJt ,i,1yJt 
. E* (J]S,

Mw
f,r,6r = 

-

n1g+,OH_)

.r.r' 3i (OH-) +rt,SrJ+cll ,i 1H+) 
"t+-r-.,+rll. 

shsJ ui iJqiJt ,rtr-rtt r.le ilc +,j : n ,'r-
.J'liijt ot-i:i Jljii.)lj i\,,S)l dJ)Dlii .5.i 

lsJt,i.lt cJErJislyl

1 a.,Ult &rt+t :ii.olrr)\'\r.o.rbJ\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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' i,.r.t' ; ;fjlili .kdil
Ifu@II@WMtrNR d

HW

. 3 mol H:PO+ ciets.Jt 6t;3itr rs +tl:22-2,)a,

:tJJt
H3P0* ---+ 3H+ + pO;2

Eq= nH3po4 X nH+

Eq=3x3=9eq

(0.25 oX" ; iJJ.. o. jt !i,aj r/ r.nr.o +fr.f (Eq) i;!E ,lt OtJUtt rre ,,. ..-i :23-2 Ja,
*N)

:d.ll
Eq

N
%"r(L)

Eq =N x V.o1@)

Eq = 0.25 x 0,5 = 0.125 eq

a-{-tyt 3ll-,.1t : LbJt e Lrr.rltt
GENERAT cHEMtsrRu rrc **uttat int-NctpLa
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jtilr ,.L4ill l}*i 8-2

:,rl L- # g'! Asrs,all Lr.rfl ;ii

o'. 1 'l .6 g d CzHsOH J$Ur y 1'25 g !lll+ 'r 'JrU rr'JJ L:' '';gtt 
LJ"lall il"jll '1

:H2O rlrll

60.27 0/o (d 70.27 0/o (c 80,27 0/o (b 90.27 % (a

r/ GzHsOH IJY&J! o'1.25 g 4+lll+ JA &lr.l dJit:ill i,j. jgll LJi"ll i*.,jll .2

: HzO rL.lt cl" 11.6 g

7.730/o (d 8,730/o (c 9.730/o (b t0.730/o (a

uftt(1.1 9 g/cm3)i:it3,eltt .PtsJt ,.iir 0. 5 cm3 ,P iljrr, jrJl HCI ot.f l'tc .3

ct 35.5 lilt I ot{'l,b .o.ijlt+ 37.23 % ,*H 1 ; L-.!ltg

(Zn = 65.4, ;L.'1itt .J:s'lt 6i c.& lll Zn(NOa)z 1s,.a..!3J! sli:l rir^cl oill .4
N=14, O=16

(Zn = :L;ill c):slt oi c*te lilZn(NO3)2 &..aJLil! ol jnU127gJ&YCt$e .5
65'4, N=14,

6.7 mol (d 0.67 mol (c 7.6 mol (b 0.76 mol (a

(6 : e.srrJlr..pls cr..(0.735 mol)(.,J' cs.li+ d3i." d HzO rLJ'lrlCl""-sll .6
gel-dl itr mOl

p3;rj.all .r..,r+ls cr (0.735 mol) * aj\ JJlt",/ pjs,lJ,.all .r.,,,pJs.J 3 dc! J-sll .7
' ol st oll irl 6 mol J

,l +lL per:.all +'lrs aJ" 5 mol gJa .r3ir; drl- r/ felr-tl I,rlsl lll ;*sll .8

(a0.08 mol(b0.07 mol0.06 mol(d0.05 mol

(a819.4 g/mol(b(c 719.4 glmol(d 981.4 g

/mol
189.4 g

/mol

(a0.980.890.90(d0.78

(a0.11(b(c 0.lz0.13(d0.14

(a(b 0.02860.0826(c0.0682(d0.0386

H 1 O=16 :LJlllJisil rLoJl U. l*JS

2 J"'t/h &J+l :i*r\"r-)l'\'*'arSltr
GENERAL CHEM,STRY THE ESSENT,AL PRINCIPLES
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l[ul*Jl=+j( :-i--i,t'l !a
STOICHIOMETRY

I

:si ?rr.ll cr el* JS; a*h"l! 6rlil syJin Jle .9

-4.lYJ.ll
(c L--,,I+l! (b LJyct (a

9rUll ctn 800 d.plsll d.r o. (2 mol) l+llti 6Ji..bi d,Jrt-.t qtyCu, X" ;tt .10

90 JJL.ll als 6+.:,r,J-,. rlall i," 4*As d NaCl p3;rjrlt r;Js cx 20 g lljl rie .11
(Na = 23, Cl = 35.5 ;L;itt 6l;vt1 ..13L.tt i;w3",-,,...i . g

5.86 molal (d 4.86 molal (c 3. 86 molal (b 2. 86 molal (a

djlrrlt u. yl d ttr.tt crlJrrJl r.D ,12

2.5 molal (d 6.2 molal (c 4.2 molal (b 5.2 molal (a

(a

(NaOH) p3*r.rll 9rs3.,pg cr 2.0 g ,Je ajF:; 200 cm3i.+.L,Jt Jjrlr.LJyJrn .13
(H =1, O=16, Na = 23) ;iprtt 6t1lt .

0.55 mol La (d 0.45 mol La (c 0.35 mol La (b 0.25 mol La (a

JJr.ll u,. -nl ,rf ir3;.j"tt a.;tr.tt irt-tt ir (Eq) +yt;t r.iits^tt 6l1Yl re .14
dr.lt .'-.s:t (d llYJ.ll (c L;l+ll (b LJYJid! (a

: CgHsOn Cx*")J ('r#iJl r,jJl) iisll 4Is .15
160 g/mol (d 180 g/mol (c 170 g/mol (b 190 g/mol (a

:y' p3;.Jlsl (oliyi),rt..,,tl s}i qS! ilr|.tt its .16
158.'t g/mol (d 115.1

g/mol
(c

: FeSz +.rsll s..Jii u-..Jsl +r.ll iF l.r2 y lsilJ L;rlJt ,'..,,r,sl1 rrit3,r r.r .17
3 mol (d 4 mol (c 5 mol (b 6 mol (a

rl*ll u.LIJ+90sfs.5dll eyCl ne.18
3 mol (d 4 mol (c 5 mol (b 6 mol (a

iF oJs: jilill o" rsJi- +-rSl ul.jll ,.r" fis 1.gS;l tFit.il L;l.tt gs,a.,1rilt ifS .19
:crLj % 65 r Cr+.a.,rt3 % 35

4.05 kg (d 3.05 kg (c 2.05 kg (b 1.05 kg (a

dLiJl ,.l:Sj]l aJ3 ,uij^iJt3 r&UhJl iol.i-..,,p,,r':*r .i+i diJ,r-". (u*]Lll crU],JS .20
ts.t 4t ii-r.a !,*l1 .24.32 o/o O , C 6.09 % C , Ba 6g.5g%

59 2 a...L,Yl &!L.Al rLt rl e li.iSll
GENERAL CHEMISIRY: fHE ESSENTIAL PRINCIPLES
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,t[.c$J' it.ttr : . -'. 
-.

SIOICHIOMETRY

(b 11.76 % (a(d 9.76% (c 10.76%8.76%

.JJL. & C!! (HrO) rt-.ll gr 75.9 g d (NaCl) p.eerj,all .r.,-,uls cx 10.0 g +;ii .31
L:-;iltL3l"l:r ..:t1 . '1.977 cm3 Jr.":i.lBd

JJ'l! 4je c.li! (tlro) rt tt o"
:

75.0 g
rt lJ iri- lJt LJ,i.ll i..,,iJl

(NaCl) p3s.t'tv.ll t,;Js o. 10.0 g
1.077

+rii .32
JL.n i^il3 4.,l/cm3

,JJL.t di (XrO) rul61 75.9 n;

JJJr.4& dri (HrO) rt lli,p 75.9 g,/ (Na
:ll ed

(NaCl) p3;rjr.atl r,Jlls dF 10.0 g

J.ll ""-(l .1.077 /cm3

Cl) rr+#l r.,,+ls cx 10.0 g

crlrll .1.077 /cm3

::ii .33
3u iitl aJ

=:i! .34
Jt ": lit3 4l

rrrJl o. 75.9 g ,/ (NaCl) psrj'.all 
-.r,.rrjs cr 10.0 g ttji cr 6rU JjJr. q1y, .35

:1.077 /Cm3 .93U Al3 dJ J!..4je HzO

rrr.lt 6.1 75.9 g c,c (NaCl) t#rJr^all !'l.rls ir 10.0 g ttii dF C.u JA LJ!J. .36
:1.077 /cm3 4.ll*,: i.at3 4l JJrlt r& HzO

rt..ll (J. 75.9 g d (NaCl) tJJlJ,.,l1 rr.pls ee 10.0 g tt]i rl. e.u clJJS. L;t+o .37
:1.077 /cm3 g:L-: i-il3 4l dJlr 4je HzO

99.24% (a77.24% (c 88.240 (b66.24% (d

(b 0.05 (a(c 0.050.03 (d 0.04

(b 0.66 (a(c 0.760.96 (d 0.86

(a2.28m (c 3.28 m (b 4.28 m1.28 m (d

(a(b 3.16 M(d 1.15 M (c 2.16 M0.16 M

3,L6 t/eq (b 2,L6 I /eq (a5.16 I /eq (d 4.L6 I /eq (c
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:lil ilr i '
GASES

.JAJ ,(d+jli - i-LL, - i,L-) axll t:Ul cJYt- gr-) ir;,.1;:;Jt e,[.SJl :-i ] jLill J.n'i
tJJl t+s,J JrSl ri (Real molecules) 4$,C- sl4j+ *'"^,,,, i.+ ir+i.- crl-J.,+ a^ jlill
(CHr, NHa, 'J:^8lr!l irl*Lri (Nr, Or;g)Li-plt a.,6"lj:ri (Ne, Ar, Kr, Xe):Jr"
liljlill sli. ,..r : .kl .l* e+- :i jS !+J e&J +rL,!6Jt djJJ! dJljlJl ji.ji . CO2)
g:Ul cLe./l Ji LlJill rJ^ .,Jc k -,r.!;lnJl.,iijl al .&- Jl +"rl L^" k +-r-i-l \st-:S ,."-'u:;i
:S.t aii, ,i,I^<- _ri ;S.:5 ) :lS e.,q!l .r*..;il;Jt 13!.ti .r, .iS:,-lt 6-F t41q-F J'--, l-".
Lrio3 .i.,il+i^ LJ,l.i- -- O-95s: lrr .rJ+ LU ltpi -r.+ll l(.' ! 6j,$ "ii 

ot-lt;Jt 6-+J
-rJtj +y k',+ u*s +-i) 4j! JF t J!! ,.1^ $! -.,51: i.+ t *5 t"6is't--1-i11 etiL'^ll A:S
Ji^ g,..a-, elc!! -J 4-.,iL,,4JLal ..F+ '''rr i'r -.;;-.- t<++- ,-tll (il.r6 Ji ''-':t+) iJ.:l+'

.jJ-,.! .(clL-J t'l+- cl,rtl - .!r) Cllj.lt e,ljl;ll alilri 4+le ,i+.Lxr *JUJI -)t$-r -.)tll l.ra

*ig'rrJ*r'.rr''""*".,# ja;tdfl ff;;f"I,rff li-*'lr,r,S;
ldeal and Real Gases i.,i,i.lll '.',tU^ll ':ljEl 2-3

JS rro ;1;jlrill ..r. io:.+- 
6..rrr ({,+Utt .,.i {iJ- r+t)) -rull .i--tlriil elr^ rn JEll jHl

.iLs Le rtr +ll.+ill .s-F-r 4jqj+ e+- .ii + "r"Jiil 
ri3 .t-,1l Jl i;-;3 -Li;lt ,.1. -i-l-.Ell

..r+1, C-l:,.:r ,(i++ll .5.i) ilrl -+ ),.i.:5rJr .)lJr 9 *jiJislt )lJl ili ,)iYl -it+ll .J]9

aljlrill uth ;p .rja.Jt .+ i+ rSll j.ii uulIJUJI srlJU a--:iirJlL .i.-bll rie JBJI ilill
i;i:.-iJl ;.)l-:Jl slr-):j a;JUt l.-i;.;lt ::.

lntroduction Lri. f-S

Gases Law .ljlill lrilj 3-3

i-)l Jl {-:'):j -ti.-bll & iilji-ll J^lCl ii+ ,}ti l-is l.e+LiL ls3L crt-llJl g*r ciLni

'L..,-1i 'o:t,c or eil-lEJl d} os -ij3 *-'rll &lClJ .crljli,Jl drllJi+ Ji':Ul lrA dli...-iJ+J r+JlJ
i.-l_2: ,-',-,-ll ar. a,l r+.,, il-9Jl ;r . (P, V, T, n) 4iL!-,+ ser -JlJ iJl Jl 4;'1:3 J.iJl
JJtJr (i--J) r+r-r,lr Ai. l+Jl Jts.i)l J) -r)l GEI )l-r ,:-l-e ei i (jl ,rj&ll .:. J:6ii

eHJAYf ,.JtsJ.',,,j,.1f .g 1!\.ll ..*-.,s-9 (h rJUit) citJg'i.Jt o:l ,-;,+ '''.'lt gi3 l) 4-11:ll oll
jl:r)l t"e ;t.+Jf *L .9i ,.!-.,rlt .Jr Lii .t*-.,I-.,tS Jg:trsl+ UJJ.IJ^ eiYtJl e-+ o.i Ui)

.(*,i-!t) g.rLJl *jl:=)lj (\F,sY) *+Jl
BoYle's Low .!rl oyti r-a'A

..,191jiJl -'-+J .J-i;..113 a+Jl t A ;t ,lt lt ,.tAl jtJl 4$J ".JlJJl q1 c,;i iJlJl o:a os
(tJlJEll a+-.r: c,-rj ::D J.i..bll C. l=1.,,(c' !-Ui jli gi .;. i:"',- ftX e+-.+Ul) :J l'. *L
t^:.' (P) ,jlJl r+-,.* (V) ,.ti g.:Jai r,,.,,ll 4-. !l *L !;tp g3,.t:ill l- ..p r+ .ri "6.Jr

r.,,1l Jl l,;;: e!-9i r.ic jlJl
1,Va-
P

GENERAL CHEMISTRY: rHE ESSENTIAL PRINCIPLES
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PRINCIPLES

ri

I

I
-a

r- I

.J].jJr jljJr

4.00
\:olume (\:) dmr

KT
V

P

teri' .-rJ+i \rJl rJlll l+l ,-Jo_r L,,rr,,,Jl jUJl 1FS ..,lo .!S s&.i r,",iLi Jtri. (k) C+j-

:!-Fll

PV= Kr ...(1
-3)

t;l-.,!l i.r_,p crj1!,JHitL. JttiuJ JN,A+.: Jtc' ;U,Jt ; i;,SJl -.gJ -,i

P1V1 = P2Y2

V1 P2

-= -vz P1

..,1.;; &"1 fJl *jsj.ll i_x+: (1-3 ) .tJ Js"tll *1, J.-.$ i+il- .!r .-,yE Je !=!.jll j-S.lJ

.l^: (lsOtherm) .!! "r:t_nlr ,_e3Ln " j! i_2t_.!l L;: er+ $, 41"j.,: e. jUl a-
i+J+ill la$c .;-,,+i Jl i+_tJl .,'1,- 6Jl Jl cJJJI ..,r 

" 
i.rc .,ls \lrt _zUJf J.s l.ri g;rjJr

rKljl ,-!lJ-Jl rt-,)Jt 6-LiJt *J.L i*l+J rj.j.ll IJA ,'JL -i-n:., L,,{.i,,.JI ,.11;Jt !"S 
-._r.,.,,rj

ri r+Jl C^ tia ..-.,r,:ll J.-l- e*_r 4i}.i .c+E JlrL - jlJl (pV) +>. J,-1, ;) i-./i:j
eljL 9 l.ra tA: (2 -3 I 1- 3 .-E ill) iJl ii .,ll J J jtr. #i..* fi .Jo J.-.J LJLi L: . ll

. (ldealGas)trJt;ut
7

1.8

1.5

1.4

1.2

1

0.8

0.6

0.4

0.2

0

I
t!
ll

o
g
f
UTo
E
o-

T1

T
3

6.00 8.00
Volume (V) {dm'} --.

(V) e.ll - (PV) -. _p &ls (2-3),.ls^ill & &JC iJtJsll €t r-jl,& (1 -3) c,$lt
iJ.Ei.6-.1t.,;r el+1 &$

0.00 2.00 0
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.Jril If - '

GZISE+S

P 2 alm P2

2L

# (0 'C) rje (2 atm) Jlri. (4L) r.s rE! C :e ,yi1r. i+.s L- ' C_t-,1-3 Jg.
t(2 L) q.e1- eul ;,'.- '!, lil 6JlJsll is.J.r t.lrdj & ir.'t **,r*

;"!5 i-!)c 
"i,.+l+P1V1 = P2 V2

n= o "[+]
14 L"t

Pz= Zatm t [n|
Pz = 4 aun

ls f- ,,...-E 15 atm 6J$ Id,.a ,-.-'r 5 L 4-!- Ots llri ,sltj. jli iF i+tg :2-3 rJul.

.i+E iJlJ'rll r+.,,r.rtrr:st+ , 3 atm 4ld; Jt .a lli jlilt
:d.ll

:"-I tX -.;t* i-j.,"ja dUiU'., AiJl orA Js dJS+

P1V1 = P2V,

15atmx5L-3atmxV,

15atmx5L
v2

3 atm =25L

Charle's Low JJt i Orn! 2-3-3

P = 2.0 atm u:!3 jU! i+l3 !,,.-all .',jir b3
-,a.irj ;JlrJl i-..,:9 e+Jl L"a .,1t.piJt
.--r.,Lrl; li"-a.ll ci$ rir " oJ; U -.lc ;_5;Elt
i-..,p 6. !:>t l+Ui jLe ;i" ii;,,- i;-S.;-

."aiu.ll iJu.lr
i+.1.: Jll (V) j.JI+ i+-I UjFJ ljl
cirj.,jo :Ji .:ij (T) r-_ili liilul rrlJAlt

l.iJl
V o(T

P = 1.0 atm

IrL lL,r.t

lrii !\t li (,

77 ?artrlt lrt lrt rLtdl e Lre-(tl
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I

.'.V= K T ...(2 - 3)p

Jl

V, v2

(3-3)V

T= Ko

T1 T2

,.r-9rJl+ (t)'o-1l Jl i-:._.,p3 (Kelvin) (K) ,;elS.r!L *b (f) a:iltJl 6.1l Jl \_.,p.s iDJl
: ,,'l (Celsius) .r*-L.r!L .} eC)

T (K) = t('C) + 273.15

.rq|..L.)"lil\'.i-,-,';nll .Ji JSr:jJi .5;j6.lLJl -!i.-ll Jla+rl-273.15611!l i-r.).: v,iij
et.oll -r"-:ll i-. 1: .,:i ..:llj l+j.l g 'Drsl , L' ,:l .',rlS . r"l.rli.o j )..,ill Llj J.:Lr 'orsl9 !r- ++;.1

L..' * J-

.r.lc i:tu" 273.15'11,3 trr.,,i, ,jl!^ll )iJl jJs 1+l 273.15 Jl.i.+ +i *} Jl: )ti"
.;ils .r "i.

4!!i" J.r dir..* l"i' .5L J.--l (T) a:u.tt ai-)l-p i;_.,p3 (v) _iu' .+-= ;1 i!\J! .-,..)g3
(3-3) e-., Js.l,,ltr g;, ra ll J.-)l

P3>P2>P1 P,,

P2

P3

Extrapolation ./

.z 
/a -

a-
0

Absolutc Zero Temoerature

dJl.iJ.!ai;ll clLr3t,& 3-3 d5*.,

1 i...t{ltr &r+t :ii,o\.d\ .\r-or5)\
GENERAL CHEMISTRY: THE ESSENTIAL PRTNCTPLES

. c-l:ll !i":ll f,"+ -.Lt ,tJt ig^S .,Jc {+:"j'5 ,-,rt3 -.rl:L K .'u-

61-:- L:.' tt c.,rl .ri"-l Vz Jl Vr ., -y+ ,+Jt ;ti 12 J! Tr ,.1. r-.,!-.,J| i-s-,rr ,3-r;ii lil
:..1us (3-3) ALuJt
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645ES

.lrrgiJr ;r,l.-l r -2i

.5l9 ,-!]!! 4Jli cr,E L:.' $c t6+lo J-..-.Jl i g Lrll lra *L L-*>Jl -Luiill 6^+.rY irrj
dJl+Jl-.;i^ ;.:c .r1c qJ --J1 lrr< * gljll ,,sJ (lsobaf) JJLiI "!,.-bll 

"gjL;i." 
.tiJl l.ra LE

.!Fll .J .',rl3l .LiJl i.-.,ilr LsiJl ,tJt a+"Sl'lilt .:-tjJl -,;lJl ,Li;Jl
JlEiiJ JILJI -'il1 iJ. .JjlL i . ' ;r t ll i-,1l Jl ct--,,;: rrc A!!i" ..1..rS -t-J"Jl Ct-+ Ji !s)j
t^r:rr j:+Jl: i 'i.- g:L^J (T) f+;-9S L rr- i ;'.- t'rL,,,; M $c t'i &Yl iJ"i.l iio kls
4J.-ll Ji LlJJl ilUl Jl JJ.$ dJljljJl $,-li :n A-:ii:.lt rJl )5ll .lriJr rie erii:,J! .till
i;_! ,;.ia:Jl f Jl lrA 

r53 !t- dljj .li .Jlc J ".-.ll , ,,- ^J ir'r-, 6lLJ! -rilt ,-1" .-,,-flt.,

Jl Jr.+ C :l., ju i+$ ..5lc )^iul , jHl gA Ji{ -ir,- l.:ii'"ll Lrll jli cllJr .-orl Jl
nJl ri (T = 0) :i' 9i ,-).-)l l.tii j J.,.tlll L J"ill G.+ c-rl ,'u--r ,i.,,L:ll -ri aii'"Jl allJl

1-* *r"* gi .1tJt p+- ln$e e&+.Jl 4-.Jil cUi 4jl-,,.!iLJl n-lt . .ly .lS+ 4i1-i,ilul
, ;i< jl Arl^rll 4..,-- UJI U. Jl-^,ii-,," J+e e 

lr'ri..,Yl lra ,.-rA i-9 .,",ili !.; :rr !+,r-.:s -1lJl :2 jJ
i,=L-.ll t-)l Jl is-p Jil e-,-.,]t *L J.-yt U.n Ol )l ,e.iJiS e,.os.lil Uk, JHI r+- .Ji+

.,jJl^ll JiJ! i,ij-.1.Jl .,aj ti,- LA Jrir 4.+J

v.(r+;=)

V - T Retationship 6JlJ.ll tlJU €'all &i i5)'ll 3-3-3

Gharles's - Gay Lusac's ':ll-'sl ,ft+ - iLu&: Odi
Law

1787 ?v jJrl.$ CUI +ll J--f: .3* t'Jl jtjlt ;;tijt p 1802 ptc dt-.,j] 6t+ eltJl -).:il

;e.521;ir 1-s-.,p3 -1lill r+-- .11 ffl,Jl Cc;a gJl3 p

l++- .J. (7/273.75) c,ij Jhii^r -1l; gi .J i+* i+^S a+- (& -ri; :t:; ,sii li.-b iie"
so ullir 6r-lr !-r- 1+-.p Jlii.J jl-ill i-.11-.;s i+-r: (s$ ri) drrhjl LIS r=5ri^ll *l 

a. 

"r"-t. -rar-,-alr g_r+

-*-I1+ (tr) ;S:.1, .e;i 'o-2t-.,1,- i+-.F:ir-r (V.) -x-rlt+ +-rll 'iJl i'-'1::lc -J UJFJ ,r
:ii.i (v)

tv= v" * rrzrsv'

V,

...(3 - 6)

V.
' 273.1.5

r, _ nv-u

" F':lJ! 4..,.ull ,;"-r .\-l.:lt oJa Ji".r:. t*^,,-ls jUJl -,i\,Ji Ji.: Jl ,tJl 6+- J.-r- t'i
5lr ;;aliii)t # lLa r:Lo ;3S: i-21;i= i-=; $c.J +]li sl5; ,9 j[i: gi irt- 1-:,p -r:i.i :.ic
iiJt orA &r Jd!: i+jlJl a.:i.- .*iiiir J.,t- J! jl;ll Jr.li- (-273.15'C) ..x *J.i

v --J!_ 1273.1s+t)
273.15'

:di.i (-273.15) Lo-.r"i r+:- r-,,;l-.p' 4;',1: $c 4ri *j+ lrAr

(273.75 - 273.15)

79 a a...lrlYl &rl-Al r fubll g L.JS, I
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-t;-,,;},i cl$,3j:r;:.ai;fu.FJ_r .ijt, .,: el ^;! tJ' &j .fb - -!-,,l.l,:-r,13 &+J.,: Jfuy
: jt:.lt 4-3 dis*tll \,'i t-s

-273 -773 -73
3-l. +-_ + .

27 L27 227

Temperature ( oC)

E

321 427 527

70

60

50

-40
30

fr
10

o

.o,//

: " :r:(l i-)1-,p.Jl ,:l+1r .r.;e ;.)1.,;-Jl i'..-).r.r.L:.' rl i3!-:4-3 Jlg;
,lilS .lul .9jJ rili iJi.- e-tl+ (-273.15 .C) bJi rJlJ- 4+-! s 

-.,1r.; gi 6+- ,..rtS U_r

-1ill i-:_1: .rr$ +.:1 g'1l_> 6;_fl LL"i iJJtll i,+JJl .rA JL&t e 1g4g el.,r (KelVin)
1-'.1.lll o.:a ,r*.,5J .L;,.:ll i.,,Jj r.b 'iJl Jl jl.ilt r+-- t.t $c .L-J ojlt a-rJJt S o.n +
g_1ilt 6-.,NJl a5t ; ,:r g31-"n_r .i,J. l*. L$ ti a+Jt ; oS+ Qr.3:i q+J-, & 4j) JU-lt ,iJL,

. (Kelvin) Jl 1+-i (K) -x-,llt+ cl -F+3

0 K = -273.15'C
273.75 K- 0"C

J tX 
"" 

(t) !J-ll 4+-.r.ll .tr".-rre !i i!).'Jl_e ., [) Ai'I]"^Jt ;'11-:.:ll i-sy -r--, ,..rA,r

T- (t+273.75)

;:Le! ir<.g+.-J(3-6) iJ.rlJl .,Jcrt+rJ.c+(0.15).5-,,,,'1r ,!l jl.iJlF)t .,,l:ijr
:*,-! lx {!L*,, Jisi Js,iii tu! +l.> - ;rl_.,rLi g_e:ti i;rr.

."!,.i-lt irri $e Jillt iilt "lt d-,;l_.p !_.,D 9 l+:_.,1! Lts ;U 9i ..;. ii1,- irr,S e+- ..-L:e "
VaT

V: KT

V

i-K ...(3 - 6)

,r- 1 {...tsll &p+t :iio\-,}\ ,\.r.or5}\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCTPLES
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: 3-3 dll."
t:.-1.r Jl {iS-: s' -.;tJl p+- ,,,."-t .qg_p.ll _riJl i.-1.r .rj, 1SO ml L6-+- _tf;Jl rl" a+

f4!* irj+3 6. 25 "C

/t,r'N'
Vr= V"+l;=+=lV.- \273.Lil'

/t,\vr= v"*(rfo)v.

vr = 150 d - (#+)X 150 mr

Yr= 763'74ml

6-21.,p L. -2.r3 (t g!m) drt*.+ !i.i se (22.4 L) u jE i," +i1l. 4+.s rF E_! :4-3 drj.
. (25 "C) i.iJilt iJt> r+..r,r re: ,!i.:lt ,..,J*fi 5e i;"slr r,rJ.i e. r. iO 

.C) 
crJui
:d.ll

ti" l+jjlr 4.-6tiJt iJlJl i*;+ 1:.+ e.5 alf ,., Jt .ra J.l

4l+u LS i;t. glL+ L jli J" 4+- a*.sl ailLll rtt_nlt 4+l _L r+-lr u; d.-r- ui rei

V1 v2

T1 T2
constsnt = Kz

V1 v2
;-./_)Uu:.3)c ,.ti+!,i

T1 T2

u, = ur(FJ

Y, - 2.2411'29I\' \273 Kt
Yz = 2.445 L

T 0'C= 273 K 25"C=298K
2.24 L Yz=?

a-sL"Il &rt-Al r a.hrt ,l{4a5tt
GENERAL CHEMISTRr: THE ESSENIAL pRtNCtpLES
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E

Avogodro's Law :lt+.Jpl Ou$! n-f -g

crQ-.1q,.11 ::cj,+Jl L^a;1.:rs. :ll gl;aJl g3$j!'Jlj i-ll-.,!l i-'; '''irr -i9";ytill l:r 'J
pLr" *i. c* ,.-.f ,u1 I ;l.i !,Jlj'o-l1-!l i-',p c'.:$ $' a'ri j;li;3ii 53 Jilj

-:o.rXrS 
Ai,G..!r lra rJe J+eJ jUJl 

t-1r.r cp ;r'Lll '-r;'-+ ,tJl $Q; ;n *Jl '-'"i:

g^:r,Jl ,*ii,}o g*t..)l-.,!l !,1-e-tiJi,-r" d.,"liljJl elljlill OU"O,i l#,,!L! F'

sJt .,n lll cil-.,f;Jl ;i -l' Js ksll ar.Jl.n k "n eQ;Jl p-e+.S, ,irs ul ,-5i4 Y Jjiuill lraJ

9-.r! )l !:LC. WQ-r+ ::c glS ,t1l Jl (-p1 -tiJl .J.. '-iJ+ll dP'ii drsi l'€i'J+'

.k+ dsll tlJill qr. L^,-= .5l9 ki,rl ci+j+ll G)l:j3.l

:o.l)1S i+;LJ j!-r'. Yl ;r:t'i iu+r-r
Vcrn

V= K.n

Y=K(const. P,T)
n

-ti,:llJ iJlll .r iJJLll !*ii sc iUl e+- .-t--, s)-1Jl :':c ljol ' ' jl ob'-o l':43

V1 vz

...(3 - 4)

...(3 - s)

fl2 ll2

qo1
ri

Vz rr2

v = Kn iJ.,tJt gLi r* ,,i, r.,)l_.!l L;:j -tiJl ,''-1 (A, B) ,ijilr" .li[i, :-r-. -r .r]-r
:;)ts.rF

Va = K'na

Vn = K'ns

::o ;i tr.'; jlj . (na,ne) cr!.SLl ltrJt *l' (A, B) .11-j;Jl .-e;-.,-l:.: (VA,VB) c+P

;sl.i qjt-o" ;;-j;Jl ei).y

Itn = nS

:;i gi .9-eL"m (A, B) "rtHr 
p+- 

'ri 
jJrl-. yi 'i,e t.1l Jl 4;1:3 'U'';Jl .*ii '*'-:,

L: '^ll c,JL,, $e 4.-ii i+Jl .} +;.: o*t-tl ..ljlill dJ' ::'JlqsL"iJl *r];$fi1

2 J,,,l4?l&i+t ;6or.c}\ r\e.or.5l\

GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

VA K.ne

VB K.ns

Ve=Vs

8e



GASES

itJt-irl 3

Amonton's Law OriiJ.i O$i 5-3-3

:o.r)lS 6Jl!l 1;,13 J.i;.lt gui G),ll O}i}.i Oril-E J3^r
c,rs $. (T) a:u-tt ki-rl-r- i+_! 6. !:Jl. 

-Lt.lii L jte rr. 1+,- axs (P) L:.' ,-l,,,15rt
t''a+tlt

p a T 
:'t+,:t+r Oig-l.l rJit! i,P -r+or

P

T=K "'(3-8)
aJ.ES JS"*J fihi..'c'1l'p, drls-.p $e r+Jl -y.i U'i-r 4r. L,iu'-. FJ {1-jll+ jl;Jl .fr.E K d+-

r-,1 Jl -Je ;jilill

P1 P2 P1 T1
or P2 T2

611;rr is.,,p .rie (1 atm) ilill Id; &3 F t jl+ aJ. ,(10 L) rjr*., sLil r5-3 J&.
r 75oC 6tl> L..2.r 

"ir 
0ri.!l d J rtflt ,s jlill .ld; JaL 25 'C

:d-ll
(1)+r+Yr allJr (2) +klt ;lt--tt

P 1 atm Pz= ?
T 298 K 348 K

P1 P2

T1 T2

T1 T2

Pz = Pr(t) = r" (ffi -LtTatm
P - n Retotionship 4ifsJ itXt }ai; O# i-l)'ll 6-3-3

f-d rio C5 6.'!r>t -ltJl !i-: r.;,rl.lQ,':-l L:.' ll ,JE, l^Jhiijj jHl 1r,S go" A!),Jl ;reli
.i-21_!l \-,1:_e c+Jl

Pcr n

P - Kn

K
P

n

P1 Pz P1 n1

n1 \2 P2 ft2

83 : a...tr,rt&rLll ra.hrt e li.astt
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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qlia iri €,.1e liti (Oz) ix+,.sYt Cr (15 Kg) cJ" 4r.,r1+ iti fulJE*l gir: ;g-l cJti.
6i r.1 i.;l;sJl \Jr cpfj $e l,{}i; ef..€r.. ls! i:,p. ;-Jt..;:, i.r.-,.r .r.ic (280 atm) g-L

9l.Njrus i-i,ai ' 
rt td': ' ',

:(JJI
:j!.i dJ)J.ll lJeJ L:.' ll .;r iDJl , i+tQj

P, 
-Pzn1 nz

p,-n."[!l
In1J

Pz = 0.5 
", 

>< hT = o.5Pr

Pz = 0.5Pr

Pz = 0.5 x 280 = 140 atm

n - T Reldtionship ri',)r..p i+-).r3 jlill i#s O:+ i.!),.:r Z-S-g

"i.',(. 
'r-F 

iil.Lll litl_> i.;;rj ;UJl a-l"S +.., ii)Jl ,ls L:.. tl,9 as.sll .-!i $c
1

n fl-
T

Kn--
T

nT-K ... (3 - 10)

n1T1 = n2T2

State Equotion of Gases oljliU futrll iJrlr-. 8-3-3

(T) t_.,t-* a+l: (P) 4li;r M r-+-l (n) rrg ,-1" JS ilY+ Lrq:si ;Sa ,lJl iJl-.
. jl-iJ ilUl tJrL^r .,.^-i -,-l .ill orA iN+ L" jb ai--. i. r.,iJt il.rlrJlj

;c:lY:tr. 6-: ;S-1_e
ei"1i iJlJ- i+.rr s jl'i 4id -JlJ L: ' ll 

..1;1 l+: ,.r.:ll .)ry ._,yli .1

P1V1 : P2V

PrV,.
... (3 - 11)

crlj .Li; .:ie 6;-Jlj 6Jl!l lr3J LU, .9.J1 _!j,ii Jgte .2

V
P2

2 a.-lrtt &r+r,iira\-,l\,\.r-or5l\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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.:iir :'r I (!_fl]

Vvz
T1 T2

TtY,
... (3 - 12)

;.lts (3-12) I (3-1 1) .2i.hLJl tu-2ti.r

;gU enLJl iJ.:Ul ,, tr;i 6:LoL_9

... (3 - 13)

P,V1 T,Y,

P2 T2

P,V, P"V"
#= # = constant

11 12

PV_=K
T

.Ljii Cl- rrlt! -9ar (n = conStant) jUl 4+"S sri $' U LJ..- OjSi ) i!)[rJl .:Ar
' iJ:Ul ;"j . _p'x rl (n) -1t-iJl 

{.uS cr.l:L

PrVr PzYz

T1 T2

. u)"rlJl .:,1 .,- jS+ k..,..-*;:.,-t l3l crl ,Jij-.-. , dlEn

L:.rt_r

: ,-!-*.-ryE.5lo J.--l (b.E T) Tt = Tz
Pr Vr = Pz Vz

dl-,J.r1-. .,)Jili .5lc J',.-.1 (ililJ V) Vr = Vz
P1 Pz

T1 T2
j:Lx j-rE.L J.--l (r!E P) Pr = Pz

V1 v2

T1 Tz

dill €.ll t (985 torr) !i; €,.r: (10 L) 016 i-r+r fru O.silt * ,>. * :7-3 dli
P= 1 atm = r T = O"C _ 273 K' :qa 4#qilt JJJgtt) .ii-lditt JJjEtl $e i-E-ii

( 760 mm.Hg

PrVr. PzYz

T1 Tz

Yz= Y,.(1h:)

85 l1.,telt !:t ltr ta.lrrr e td.d(lt
GENERAL CHEMISIRY: THE ESSENTIAL PRINCIPIfS
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985 torr x 70 L x 273 K
Vz= 105x = \24L

760 torr x 300K

e 255 sm3 r.,1$. L.+. &4.Ui rr.3 tit STP rb jlil gJi.ll l+rll t :8-3 dli.
f 85. 0 ppa In;3 25 "c itl..p i++r

:d-ll

; {-E),Jl ,je+i":13

PrVr PzYz

: V, :1a;),

T2T1

P1

h ft)Yz= Yr

v1 P1 T2
Y2

P2

255 cm3 x 85.0 kpa x 273 K
II 

- 

-

101.325 kPa x 298 K

Yz = 195.97 * 796 cm3

& 300 s1n2 a.r.r ebs d (82.5 kPa) o'1ri iJain g*.,1t.ri jliJl cr i.:+c:9-3 rJE

i-,1l-.,;s\y&(500cm3)r.t rlcau.i,;tilt +ip.1.,i:r-..1t-.:,.dill lai;ll L.(25'C)
r (50.c)

:d-ll

T1

255 cm3 v2

P 85.0 kPa 101.325 kPa

T 298 K 273 K

82.5 KPa Pz=?

300 cm3 500 cm3P

298 K 323 KT

: {.-l4ilt&r+l :ii-o\rl\ '\p15\
GENERAL CHEMISTRY: THE ESSENTTAL PRINCIPLES

(1) 1i61.&)l ilLrl 4-!L#JI 4.lt.s,.l

(1) 1,,j1.''rill AI.r.l (2) 4rikllilu

85



irtr il1 3 r-- 
I --

GASES

di)Ut ;. it lL,^ ilL,.ll ".r J- ;S+

PrVr PzYz

T1 T2

P1V1T2 = P2 V2 T1

82.5 kPa x 300 cm3 x 323 K

500 cm3 x 298 K

F - 49.5 kPa

Generol Gos Law 4+ll^:.ll dJljli! ellll OJjlill 9-3-3

(V q T) iiilL.ll '.Jl Jl i+-.rr 6. L"-.,! ...,-L:4 .+Jt ;i .r.: :,.,.b9i i.+: i-rti6 ;vE ..,'
L: ' ll C.'l+-,lic .,,-Eq V) ,+Jt ;i :-: cJ+ ;yE .r -r .JlCl -L (V a n) s)jJl :rca

(v" |) ter

:*J. J.-.J (.Iu O-+ti: -rt.t+.joi i"+^-r 
-l-,,uig Ovtr) 3)ill d''li)'ll o:e ::3'l L:ic

1
vo 

F

VctT

Vqn

(r) (n)

Va

From Avasadro From Charles

nT
P

From Boyle
\r-----------i!-

= PVanT

C+.-ir R -r-,1! al -.r.; PV u nT i'uJl; (Constant of Proportionality).*t.:ll]::
'43i rll

PV - nRT

.Ul ;3:l-iill lrA e+ t'rJl -ltJlj ,c.rl-.;I'Jl CJ-+l iCl ,--ii 41 4i) ,sljlJJ el'll c.,,.,.131 o'"-: : R
jL;.[ iul ;;Uill o-+ J++il! lrAr .;U"l! JtJl ..#t -irJEl (-E'"'-t ii.,.Ul ;rpl3nl 6*"+-r

.Jt:-]l ;tJ! i-,.,ijt illsll ili,-ri JE ll

(.r+J,,.jj'1-!l. li^ . :J i l-$o) r-r.iii"!,.:,',-1 jk, rtJJ (T, P, V)..,"1+q R +^$"t +l ;6+-r
.iJrr.'Jt 

os k+lr

IVa-
P

87 l-grLr.,it !rt-41 rfutdl e l51$l
GENERAL CHEM$IRY: THE ESSENTIAL PRINCIPLES
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PV
R ... (3 - 14)

NT

&lJl d-dk-l'rr'"Y drl.-jl .l.t-:.+-,..t' (R) oljlJlcul drrtli+&lli..$lt ,.+r..- &"-rq+-'e3l: *tr*rr"jll & cl;a$.ll crLe o;J dF J;K,.d.rll\< l.ajl\rl."t, c1.,tj$L fiLj^lt
.ur>lt el+4sltr ;l+-slt otri)lr

Liter. atmosphere J+ . =,lilI,; iss c,lilxl (R) rptY.r.lt et3lt a-;i .t
1 .0 r r.' 1tr 22.414 L 6+.:.lt OA i."*,lrCll .jrJAll .,i. Je" jl.a cl. d_r 1 .0 e+- tt&l.l

273.15 K aflt^,tr r')t-5Jt t-r-)J-e glp

:,..ri .,u--r

PV
R

R_

Tn

(22.474 L)(1atm)
(273.7s K)(1mol)

R = 0.082057 Liter. atrn. K-1. mol-1

Calorie q-,rrtrsJl isip &ljtill (R) Olyrell ,:...tilt i.+i .2

1 Calorie = 4.1A4 Joule ol e+=

8.314 loule. K-1. mol-1* = --Zre-Al;;i;=;i-- - 7.e87 cal. K-1. mol-1

.'. R : = 1.987 Cal. K-1. mol-1 = Z.}Cal.K-1. mol-1
.:Ju+L:ll i\ l-1 l-€& _u$l \,i Lsj""Jt clt,-rt L+t.....,- !u,.ir.$ U R i lr gi e;!._r

.aihi-lt

bJJ r,ie 4.20 g Ll-,trle Fz,r, dAtl ln iF id.s i,ti]ij fijt jlitt r+-r ,,. --i:10-3 dri.
t (F = 19) ;L;t;ilr i.tistr Ol+ i&) f le ls71 & r.r.! 42 oC i,.rl>

:d.ll

PV - nRT

nRT

P
4.20 g x (0.08206 L atm mol-1K-l) x (42 + 273)(38 g mol-r

r 72O torr \t-l
\760 torr atm-7 )

1 J...t/4}t&r+g riio\-,J\ .\r.orsJ\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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:rir :tr 3 Lfl-ll

i.21..,;Cl L.,2r €.r3 (Nr) or+3Ji+ill il+ 1.20 L otlrle +E e+- 3i rul rLJ. :11-3 dli.
t(90 "C) sJl iJlirrll r+.1r ''-i..r li! .ld;ll ef,-i d .s*Sll .Lialj

:d-ll
.l"i;ll3 i_.1|-pJl !,'p Ua JBij.llJ rcl.r.l-l dlK cl)j.ll $cJ rcr.fi illJl orA d -Jl

PrV - nRT,

PrV - nRT,

PrV nRTl

PzY nRT,

t'= 
" 

G?)

363 KPz: L atm x 
ZEEI = L.22 afrn

il-'1.,t .i.uL:t $c 2.5 g ir.j:0+..r*dl jl3 ir 4*.{ 1.li.i: f lll r+rll t.r :12-3 cJt'ir

.( H = I LJ]I issrD (R - 0. O82t L.atm/mol K)

:cj.ll
PV-nRT

zRTru=n(EJ

"=(ffi)"(T)
!= 2.5 g

(2 xl) Bmol-r

0.0821 L. atm mol-1 K-r x273
1 atm),(

0.0821L,atm mol-1 K-1 x273K
Y - (7.25 mol) x = ZBL

89 2 a...t-it &.rut,fulrlt ,U.JSrt
GENERAL CHEMISIRY: THE ESSENflAL PRINCIPLES

1 atm

GASfS

V=3.00L



Je crr+!+dl jti i,. qrit (6. O2 x 1022 molecules) f+. r;."rt ;'1f,-f, .Jti.
(R - o. o821 L. atm mol-l K-1) dri-,liill lJrFiJl

:J-ll
;4!)Jt ;^ ii)fl ::o ..,. -r )ri

Nn- 
N;

_l,1.l;ll ::c I Na ,',,r-

-.1U1 crt4;:.re ; J{

6.02 x 1022 molecules

@
n - 0.1 mole

PV - nRT

NRT
P

(0.1 mol) x (0.0821 L, atm mol-1 K-,) x (273 K)
(1atm)

Y - 2.24L
:4S!l l+rtl+ &LJl JEJI rJ-;F^._r

A+rrrill .tr-,;.ill 'D:Ftllr &h:.-Jt sljH! cryr. JJ) : *1, ",-.il g:ll _r*i - _r_ll+:ei O-s.l:il iii_r

.(4.*it JJI e+Jl di;,l6 6-,l_.!t i-:1j L:.. 11 g,

:4ilJl ;. o)3Jt :rc ,,,."-t )-,i

n:

N

NA

-l-r.b-9sl :.rc . Ne .'!-
jul cjL:gj+ rre : N

n- 6.02 x 1022 molecules

@

:aJi r+ JJi-i - -r-.,"I+.;si ..rlt! ..x-.r

V.n-*

iuJl J-;rll e+-ll Vm -r jliJl a- V, ,':-

I
2 J...|,'/!t &r+t :ii.o\rl\ r\r.s.rS)- I

GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

n - 0.1 mole
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64SES

0.1 mol -
V.

2L4 L^.1-

Ye = 2'24 L

Gos Density and Molar Moss r-,,t- j.:t a:fs3 -iti.tt :;itls 19-3-3

1+l ji ;1i t q, ,I.i*. 'o-,1!,.,;r d.;-.p rle 6:Ul U. dJi,-" e+- ilS Ldi .5ls rrul liUS GJFi

aUl ..p:lil! fuI,: .,Y1 d,,S+ dli ..,L-ll Ji g$Jl p;s -b .ji .r^ _.,psi 9 _lt.iJt ,.+- ,rJ. ;-,1t_nJt

:"! t.s l;iilt ,-ir Gll $e jlJl tu1js 4sJJ drljul
PV = nRT

m
PV= 6 RT

m 
.r.,,.j.{.rJ-fll:.Iis(M)r jlJt tXS(m)e+r

p14=yRT

PM=dRT ...(3-15)

.a-iLiSJl *.o (d) j+=

r (1.5 atm) r 1O0'C $e Or-.,Jsll +,..si dE ij,js &lI d :14-3 clti.
:d.Jl

Mco, = G x72)+(2 x76)=44g.mol-1

T=273+100=373K
PM_dRT

PMd= 
-RT

1.5 atm x 44 s. mol- I
r- ' -1- 0.0821 atm. L mol-1K-r x 373 K -'^- b' "

'.&t (2.16 g) +ru )iXr iXs .1i t'i
densitY =2.76 x 16-:ggm-s

9r a-#U/yt &!l-tlt ta.hll elt+s,|
GENERAL CHEMISTRY: fHE ESSENTIAL PRINCIPLES
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Grohom's Dilfusion Low tl,,rlJ+l JLiir)l u-rjG f f -g-E

l-r.-lJl o:r elalJ+ elLll er,p ril, ,crljtll r ,ltil L pi ,y' _,rl.,,&i:)t 1-t-'Oi+ djill ,:S"g

*+-nJl+lj-r diBSr jUil i,iijlic;r--hri Cl{-u,ll J! &3!l d}" (1831) pLc .rr cf;-r
;-.lc ,Sislt Jl JLinill tl^lJ+ Jlt! -'-iI

4isESl .+ frJill -r\lt C-'t*^"(. 
'tdii 'DJlJSll [-13 !i":Jl crj13 $" jlJl Jl,i6il io-.,;- i-r-1J3"

'"u;;slt r:-'PJ;i
:oigi

17
F 0( --= o( --:

Vd VM

:.ji G:>Ell u"rj $' jti g. ,!Si ,t:;i:t A-eJ- fuJli^ $c,J

... ... (3 - 16)

.,;l..i:IJl ic_,l. tSU Cr og+{SYl3 irr..s_/+dl $jlL t,;"-$ el rr.rt! :,15-3 clE

:d.ll
:O!i ' ll!:tl c*A rio

fH.. 
-fo"

rH.
",1T6 = 4

fO..,

t;g,. -- 4ts,
.-i:>Ell u$in $!, ,rll','J,:t-, 

6._1i aH+^,S)l g^ lrt i::t f_*i u+jJq4Jt ..,i gi

:16-3 dli"
tlslt) COzjLiJl,ftjl o.e;r-it;r4.69,,s-rl*r'-1t^iill qj*..,;tstit -.1tIrri;5Jt drjrl ,,,...-l

(C=12,O=16)'arJ:ll
:dJt

Mco, = (7 x 72) + (2 x 76) = 44 g. mol-1

rx

-=
rco,

1 J,Uh&r+1 :ii.o\-,]\ .\s.r.Sl\
GENERAL CHEMISTRY: THE ESSENTIAL PRTNCTPLES=....-
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GASES

4.69 =

(4.6e)2 -
44 44

27.9961_ M; + Mw* = .,'9961= 2 g/mol

...rr+_r_.,+cll jli JA (2) +r+ll 4ijr t'Jl jlillr
:j.,iijN eta lJ+ Oriljil ril "'ll crU!+l;ll o.j

.cJutill ldl. lj.- .;J.-i .i

.{*,,iJl Jil}ll cj.-i .+
.L J,- 4id5 Jii jta J-lnil {-c '.+ c.1L l L-p fu-.,ti+ jln liES d,r*.i .A

..-+!t djj er'- _Ft jl-a JLiitl a-eJ"" fuJli-r _.1tJ 4;lt drJJt !r:!.j .:

Molecular Kinetic Theory of Gases elljlill iir- j+ll i"s. -;rft L;E:tt A-f

j cilJ$ll s+j+.lt q;-;Jt *L J."i:) kslr crljul d}"r i+sll # e,ljlill g,;ly :c L-n

:ie JIJI a+ r4 :LJ ,).:-! .-i:-All J+i5 ie 5sj *ll '.Jt!l 4;-,1: ji L: 't1 -ri -J|
;i lMaxwell) cj,rysu., (Boltzmann) OL>,lr & &I!,!ill ua+ 81 

LI 'l iil ei'$"'ill

.il ilr ld14j+ is_> 4-L-lr sljtill 4Ji" lllill J-ldl lr '."i,
,.-.-,L5 ,-.,11-^ini)tJ sljl;Jl i+!li ,!li;j)l sljl;Jl .iJ-l+l-l clljl;Jl {riiLJl i*ur-Fill ;;:l3ill '"'t:r -ril

,,..,1.:. ","iil J,:5 al4iiul u:nlClr .ajiit ll a5;l=,p 4;1.r C- !:>t-r d;i; 6.'!-.S' jlJl a+-
4rrn *s eLlJl e136 .r <+ dllsi rFldl D\l -.;ui: :Ql .jle cl 'l-ll i!"c l\! r.Fl qsll ' 'll'il

\F.jll LJ. EJI sljlill clA '+-ijl LFJf ,-)^ u'lis *+: c,ljlJl 4SJJI !>U.,l1! c+--
ItiJt iul ,.til.9

Hypothesis of ldeot Gas Theory 'sljlill 45J.ll LJ,Ejll &JJi 1-4-3

rJ$r l.rilll dJ. clrjl-ill 4s!r lJJirll rr:Jg jji:

{lisll d+- dF &.,r.l.fi. .sljJl -.,1lilt c.Ej+t .dJl+'!rll \p^.r3 I 'J'..- .}li..r r15ii crljliJl .1

.a+JlJ
.eL.rl r+J 1-,,.ilL,, ki^al ;s+ i:r t g- -lliJl cil-:;; prs .2

.q+ W.+lt+5ll .sl dt^a! k-- gfu $JJ J! 1..:+;p, 1'r i:clj. jlJt &l+j+ .3
Jl'ii 16.(_r- eE3i dt -:J .("t+iYl-r .1h!-!l i::s-. .1p;) Ul9ir t_2 q^-., d '-i3 jlJl dJl,iJj+ .4

.!,.i-ll 4jo C+ t" eLcll

(E)

93 l;rLeil !:t ,,tl rLtrll st*$l
GENERAL CHEMISrRY: fHE ESSENflAL PRINCIPLES
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.Cr. 1ll d..rni iSll !X d "ii a.+ I a;i 9i a;r-rJt LEJ als,ill !:_S jlXt dtqj+ .s
.iiilt^lt iJtjFll Ly 6. !:_rt .;-t:I -)Ut cJl+> 1SJS i-il-t L,,,.F" .6

U^s iJJ+- _,r+,: jt i.Jrt-^lt L3lifit js.i JlJj tS#tSJ.;*tlj ilsi-Lj {iJ.Uf .J-jJiJti fut,J-)!
.sl-.;UX 4SJJI q,.,.EJt il'

PV= 1/3 mNu2

!i;ll = P .":-
eJt-v

cAj+Jl 4JK = m
cJa-.pJl :.:c = fr,l

c.,tr_.!l 6l-r l-j^ = u2

The Fundomentol Equotion of the Kinetic Theory '\s-Ct LJEill 41.L,,yt furb.lt 2-4-3

g,ll.^li ,gj+ JS ilK: (N) tl.r,"tl jtiJl cil+J+ u^ a1;&c rre r_n.9 c3+t- ,=.lc ,l+ ,.r_i":l
jL+ gJt jCt t:o .J. ,;r; # drlrrj+ll oie ; cgj+ ,JS dA Jr,-IlJ ,L j'r-' # elJi.9 (m)

.(l cm) t'-i-,: rJ.: &t \-S," il" t_,,1+' a;i+

c.,t+-r+lt .1" +S.-.r1" -iF.ti js^r til- ir:-li eti ,'r-..6.,,,-lc;r.a egj+,JS dl.,1+

Cll ... eJBlr;EJlj JjYr ,g>Jr i.>J _*-x ell.l_r ._EVt i.eJ- ;}: . :hrl L_r- k,. JSI
'Ir-s

u1, U2, u3 ... . . uN (cm s-1)

.sl-e ,,r! e,p-nJl l.u iS;rs .r-pl: U6, U1r, u1, 3Xlt Wlj-6. J! 4jcJ- JJJ qj+ 
"iU*rlt .r*=+t (u1,,cm)l^Jii.il-,"'..ls,l!l 4i'illl o.i*+rg;Jt ;i rii.".o1alrr)l o:e..p

:.:c..1litUIi,. (/cm)lnJ${it..,,"+il-lSJlsll .,J,i:s'lyLl.rt-l 9,,-Jeg;_nll l:r;G
ej' ,.rK Ul (uv/ l) *rj-J 6\t!t i.j" Ell o.i .lsiyt lrA os ca_nJr kio,.r o,tr irl-ht -yt
;.1S3." JUI!: (-murr) elg.-)l r+ 

'1-6- 
e;li , (*mu;*) 4lLd pl:t-yt J+ o,rj+lr

d elt ; r*ll .lAl .(2mup) 
-t 
jL"" ',1l'rll 6,o 

rrl3 6lrL. I clJrsl is.rii eyll ,-+ u,lf
ti gi ,i.strlt +lJl .J sll,'L. )l sc os l-,,.j.";" (2mu1*) Jli.ll'lJJl,,* rr:tll i.r:l!l

(+) .rrL+,)r+'-, (zrnr,- .T)

2 l...Uilt &l+l :ii.o\s.J\ ,\-ror5)\
GENERAL CHEMISTRY: THE ESSENTIAL PRINC,PLES
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GASES

jril-i,r ; I -11- 
,t', ;

e

(+):.rl lx r.r-trlt iJtllll ; ej,ll ,/ Jritl 0-6+- . (z) -l (y) +nt*lr or dJl .4Lsr

J,cr.'r. W) ,
:*JstJ"t.,-jt ".i.r-l!l liitXl \r-idrlrl+)l e-+jeg-nlt t.upjsd u-lt ,J-+-OF"-r

2mu21* . Zmu!, .am:u!,
I * I ---V- 

:t'rr*rrnj

'|t"1.+ ufu + u?,1=Tu?

dl . .e,$llr o-',Ell ci+jJl erjo ,J ut,,lt .l 4p r:j;jJl c.,la-1+Jl JS J' 6e- t" &+Liir
:o--1,, tx;.:-l1t 1,i" ljll .J dJlrt rr)l 6.+ #

(T"z)'(T"t) ... ect

:3a 'oslll 4+$l ,J cilal-iiYl 6.+,,s c,qi+ll er+ a:-.rr or -*Att t-r+ .ti-i i_l-i,

r2m 
- 

\
(, u'?xtlJ ...(3 - 17)

... (3 - 18)

-5 _ u?+u3+ u3....+uir . ,"ru
I (3-17) {J:lJl o.i -.plJill .1l:illj ..sliJl egj+Jl I-y ey !--F* (rZ) .+ e+-

'etal-:i. )l CF+ sJ 6l4j+ll ei;J$ ..r ilr+'ll all jc ijJe

2mNu2
F t

:ill Lrl .., ^ll P q.>" ,-rl L.r E .c.rlslJl ;:-1 .rJo ilJ!"ll 6jill if i-,:t+o 9 J.iJt ,.ti ,',;--l* r-J v 
;7s (612),JJl-+ sqJ+ll l-€-r r.!,-i

95 ?a-,l.,it t:t-rll rfubJl el5$ll
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F
P

612

2mNu?
P

6t3

l mNuz
P 3V

N

ke x N: GA) N

ke ocT

ke-constantxT

... (3 - 1e)

:.JL, 1S,Fll ! J.ll .r:> -J. cta_r

...(3 - 24)

'Jti (3-22) iJ:LJl ..,1-_e

... (3 - 20)

;;tr .:il-t;-.,;5Jt + dJ-$ t'lt iFlt r+s are 
.oJE 9 (13).,i ,,:--r

7-
PV = -m Nu2

... (3 - 21)

.,Je 1J;.13 4ili dl.i Jt &L-bt .lSJslt iJ Jx.tl 1;-l-,)t iJ:l*lt., r:Le (3-21) iJrrJr ._ir,:
,:,."- eg;-Fll L_p e_x J.- n+ lIJs -1till ca>.l a$-,,;...lt ilUlt Jlri. ;Li 4iirUl .;.j_pt

'4Jtill ilrr-Jl

1
ke =-mll

2
2 ... (3 - 22)

:*.li l-S dll+-1-lt :r-rl ,.l-iS:.,_e .:sl3Jl eg i+ll i.$JJl A-flIll i.--f. _* (R.) a*
t_

ke xN- 
7mNu2

(8.)
7_: - mNuz .., (3 - 23)

1

2
m Nu2 = constant x T ... (3 - 2s)

1 i.,L{h&r+t :iio\-c,}\ ,\ror5}\
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6415E5

:01i (3-23) iJ:tJlu.r

(E)nn=j*u;z
=constant x T ...(3-26)

;;ti j!;jii ::c j (3-25) ilJJtjll +el
7_

keN4 - 7 
mNu2Ne = constant x NA x T

(KE) j.-l! ol -x:-r crQ-r+lr .r.:-11 JrJ 1S!l a-iU.ll t--i. -ro (Ee I'to) c+
!.15,

,..r. rrJ: ,.slj cgj+J 1S!l illlll 4 (3-27) r (3-26) t Q-2\ o)rlJl g'-iij
'r.,+.+ kr"r Jltsl *l' i:-lj gjL*.r g)y ::c ;tJt ...1,. iys.l iJ;.iJ , (N) +3t+ rrQ>lt

.-Lii "DJlll 4;J.r ;,iii )l -yiijj ) L" jUl lrXll i.,,-# .i'l iSJSll 4llJ"ll ui .gJi

keNa= (6

:jl.i G+1--r

KE- constant x NAx T ... (3 - 27)

Dalton's Law of Partial Pressures eJj. ;:r lri,-:l OJiJlr 0Jit! 5-3

l5l crljlJl o:6J i;;Jt r-r: ' tr 2j.+- g:t+ k++ e &Ux Y tlljlill ; Url,,rlSJl L: ' ll

.orzia usll jti ,5 &.i
;I9 +r-:l.r1:si r i')l.)Jl \Jr.JJs., &t , 1 L kf^ LE A*!', r.,).jl:i rJUJ.;lctoj )i3. iiLJi

0.6 L' ' $' (He) p-ekll Jli * *r^:,tEllr 2.4 2t6.!;* s" (Hz) 
"I+rJ+&ll 

jL;
. atm

97 a a...L,yl &.rL+l rLtJl I l-s.rlll
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c u
cg

o ,

f*"+-glt.+ (P1or"1)olSll L:'ll ;tr-.,!Ja-L-,,:sl3eLrJ 
=.istjlJt 

orA.",LltIlili
'f+JlJ i.:'JJl ,.rii u eJ.-ii" dlljtJl orA Ja_.i;

Rotal = PH, + PHe

Ptotrt = 2.4+6.0

Ptotrl = 8.4 atm

crl';tJl o^ (n) * ,,Jc ,rA I'Jr {L i'!o!, aic ;..j
Pt= Pr+ P2+"'+Pn

,,,."-. Uj+ll kLJ* cJ! (n6, ns, n.) li)r":r" ,(A, B, C) cJtjli l+J;jS 3J,t,e rJS,ru.j

:"! ll
PaV= naRT +PA=+

PsV- nsRT +PB =+
P6V= nqRT =Pc=+
Pt= Pr+ Pz+P3

._ nART, nBRT,n6RTft- v

P,
(ne*nn*nc)RT

V

Pt
n,RT

V

P1V = ntRT

1 {...l{lt&!+g :iio\r}\ .\r.orsJ\
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rrjr ijr I !! -1

'i.$Jl cJljt-ill {J-- os LlJl k:-.r:-,,t' ciljlil LUI iJ:Ul ;li t,e 9,"3

PV: NRT
(Pressure .*!r.:ll J,,<ll-, *-,: u ,!l,,ji: 1513 :, JJ! lJil-,Jt J. .;gs os g-!ll: ;1;tJ .i+lal-e

*lSIl -Li.ll J! Lrlr ll 6tjjs-,-F .JF g! ;J+ll l"iJl !; rnt FractiOn)

Pressure Fraction = (tJ
ill-- \J.i JlJr _,,uJl 4J.rL- *l'i+ijll a.lr-Jr os JtjJ! jul il:l-- i*,i Jl.e g) e,,,-; 

".)i 
,.}s^Jr

;,rt-11;11 !jli-
PoV = n6RT

P,V - n,RT

P4 ,q. RTVn
PtV

PA

n1 RT

rI6
xAPt nt

PB It4

Pt nt

Pc D6
xc

Pt nt

,r",.slr g-e -3 (A, B, C) c,ljlill (Mole Fraction) -LlCl Jr*,sll .r' (XA,XB,X6) err
..st3 9 i'i3Jl

Yx=rL
:C t"S.LJlJl c.,,l.iF cr." OF g);jill !i.-bll ''j""';f^r"j

Pa = XaPt

Pn = XaPt

Pc = XcPt

e-lJ+^ 6.00 I g ,(Nz) ct:+rj+ 7.50 g crjti o' 'LJil dJ{l"ll 'Li;ll ..r"'ri :17-3 JtL
(N = 14, He = 4 'Lrllt JEsll) . (15"C) a:-)lp /t}.)r J 2.50 | a-o.S rtca cf (He)

:J-ll
:C tl sislt eY/l .::c .-. J,.. d jli dS g)-r r'r .-r.^,s: ;!ji

7.5 s: 

-:-- 
- O.27 mol

2a g/mol

= -:3-- 1.5 mol
4 g/mol

I]N, =

IIH 
" =

m
M
m

M

99 a-y,L,!t lrl-Il t arbrl e !.isll
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GASES

xB



Pt = 76'74

Deviation of Real Gases

rlt = hN, * NH" = 0.27 * 1.5 - 7.77

PrV = n,RT

P,
ntRT

Pt

V

1..77 x,0.0821 x (75+273)
2.50

'Lrl.i^.ll ol-,;liJJ eul jlElt atr:.1 .,I-rj

+5,;slt otjU.tt !,'. O-3

.',..!l irtjtJr *,-;i ,,rr'6lj CIE iJuti *^ (pV = nRT) ji$l C$ \rjlt jJtjrill 
:,)l

ilt! iiljlill -.,lri C$ ilrl o.ir .11i;i- c.,r-1U t<ji fi JEJI jtiJt jj4.lc r_r,;,:ij,Ji iilE^
is,-2.r -;.L:.rc., i.-:iiJt -tlj,;ll3 i*i:!t tJuslt ,:riJr & ,LJt ;r;l.jiJl, J_ttil jU
rr. 4ji (4-3) JS.,iJt ;* er:ljJ ;Iitjilt .:r ;,, L *L LilJAjt la.X L: . lt 6JLj Ji ".Jt!t
)L.L)jr .L: . It 6irji J$r y (pV) i^s si_e #it--J"i .Jlg .-t-J )L A.iJilt 6Jl;l+J.
.:l:j dli:+ ei sy..- C1a-, Jl J.-t *j- yri i,.sUjj (pV) i"retr .ti .t-*_.,Slt ++i ;U e

L1-j ;u.tr _.11;Jr ;yLi 6g ) *.d JBL,j U. E crt_)li, .",. rl3 !!ir tSrL eU^^,1 .atjul J._ 
-;i

cil_)Ul g^+ *l J+Lx ts Jtj.lt jtill LUI {JrrJt ,j;.uj p Jti;a.r.1rr lUr 6_Sr elJ:J3
rij|l al +_Nl islt 4:tJ.L.t.rLi .Jl9 crljlill et-ll jrjLiill ljtj:.,:it .ric +ri JLi-;.:;E g;ri lil,

cj4;lt .11; -rigll .9j!j c.,l+_1;lt e+- l^n g$t" _t!:ryr d

roo

2 i...l,lrilt &r+t,ii-o\rl\,Lr.orl:r)\
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It
E5

:rjr :f l

5GA

coz
22.6

cH+

He

1

Pressure (atm)

ii$-Jl ,:.lJlJl gr ra.J CE )lJl ''lJt."tl 4-3 rl6,t

Deviation Resulting from Neglecting crur^n'll p.9;r Jt.ll cP C:Ull r.lrlrll 1'6-3

Volume of Molecule's

,-1Ul rJi.:i ,f.ll ,UYl e+- Jl 4+-il! i 'r ,,,;,.- Q-;- ;i -ri kl r- ) i''L,jJl ;i "r;"i
.!i^::l ;i .r^ +Yj (-1U.ri) rt+i jl;Jl .:U.,;sJs ii.ri..lt .iljlJl {J-r di-r- -pJ .-r:t-.!iYl l:le

;i r.) or4;Jr a;.-;i 'rt t-u;.-ll ,..FJl-i t-,+Sll -L..i;ll rr*i \5lsll jtiJl e;-.J.'t+*'L'-'
$ elq-1;Jl e+- ..1,1ill J.:t .J cr-,,;u.lJ LUI al:lJl oL J-.i t'Jl Cl..llr.ltic)l i :i-1r:

.r+l (b) i+- (V - nb) 9 rp el;ss .Ji -2rJr e.',li-.)e1 is+ qtJt i-!$sll r+Jl .Jrs ri (b)

sl+jFJl e+s.t^ -,Si rn: L: ^it ) t'Il d.,,l+j+ll r+-+ -iy+ c+E rSJl le "ii !al-!Fll ,..-.
.@

Deviotion Resulting from d,r ttJ? rl ir'! +it+lt oJs Jt 
^I 

aP Ciull !9rll 2-6-3

Neglecting I ntemolecul o t Iorces

C-::j rg)Li;: .tti.-sy o-^+ , ir- ' ,55U-r51! +1t+,.r-9l L(+J ijJll LE JI;JI e!l+i
3.s; L l:a-9 ,'UJr--'lJ.i; JJi4jbi.i;'-'.jit Jl\ill !-,r..o Lia s-l-9 eg-.r+iS-n ji (5-3) .)5;;1|1'

.-x +ihll .E-9s ,.-ri 
.',t- /lJt ,Ult u. . ' 9 Jlill L: ' .lA: qlEll '"J Jl, iJUJj+ll tl.+l

il^c^ d,ll+jJl

J
E
(!

(L

22.4

0

ldeal
gas

20

tol 1 a...14!l &.1+l r?rhll r l+tSll
GENERAL CHEM,STRY: THE ESSENrIAL PRINCIPLES
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,5;Sttt e,ti.,j+tt ixu +* +lt+:Jt ari crt^ai gjE e4j+ trsJ. (5-3) .!1.i

JS-ll .,.i -\elii t-S ! i!.s-ll c,l+,+lll cg,r+Jt .r* *:q:lt ge -,r$r)t rl+ ri,)l ill-. oi l-iL:.' ll ;, JEi i.Lr; iJr inut ljlt j..!i 6jii1 -)trrrt .,,_r c,f_r+ll olr+ e* .(6_O)
iJ JL 4!i; ;^ Jii ltiJt 1 . . ,..,6_l A4iiJl tJJdr oU5Jf e-rl &,,-: t t.ra3 ,6;Ljt

.ClE ll

Whc,| ,ar p..tkla! (oldc, tll. do ,!ot rlial rotdh".
hrt ilrinrcd6ltty bourxr .r9,1.

o

t
\

F
0

crLir_cl 01.._, rr+ +]r+.lt ,rj d"# d.,rjE rgj+ is> :(6_3) d.).JEl
.,sJ.Yl

lil--b"lJ (AP). rlii^r rr,,,UiJl L:.. lt .t _,I|s,i ,*jj+iJr L:.. tr Ji t'i (p + Ap) jltiJl I : . ll
cgJ+1. l.i iJ+Jl crl+;.ll :.u i.:l;;.-.igiJt g;jo .rtr_F .e1q_j+lt .r+ +.1+jll .s-1s .,;"uL j.H
:.r' . :i4 .',.!l ,-,"i,i d, jUt jS_n 1+-,r: C^ .+Uq -ti.-all jSlJ ,clj)t Jh+ .r +*_rll

.4"slr .,,ij .,Jc, ,uyr ;t 'ii,rL. r Jt st+=,;Jt
i,,ilcJ ,r+Jl C^'l+,Sc +.t:g j$_,,:ll 4;g ,;S-!t e_x C.L.,',,1! r-r.,:iii,-r:l:..rlt .J-9s :,i L"i

.191jill JJ,Jdlli.JcaLiJ.r(ae-r *) ;i gi .r+Jt eJ.C.'t+-se.,,,..Irs.ilJt ,_5j!gLi

:6+.-+l (PV - nRT): sljlil Jlj.l|

.B0

n2P+ap

:,nal/
\;? ,
! \!

(V- nb) - nft1

7 1 i...t{ill &ir+l ;iio\-c,J\'\ror5}\
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,.-Jl

GASE5

&lt]lt ,J.ailt iLi,-i Z-S

rs} t '. & ur 19''lt f.rl-r)l Jiil
u.j Ja 4iJlJ,r ++.1 c,.f$ $e 4rlo ClJl .Li;'lt y '$& 

'-r.,,tj'r 
jliJl gr lr' ..)lrte f+'r .'l

:o!3
lb l..r+ (d ljllr (c (b ,.1,,--r+ (a

:&.ja gyti i,e J# iiln1iptr..,!t Oitrill Cr t2

rl:Jsil) 9++l! |+.rlt Le 188 kPa 6+.- i-, 300 ml sr 99 kPa.Lin rie jtn r}.r Oll lil 3

Oq^3 jull f+.5.1 5-.,1!.,p.lt +1-21 gi

dJij lil iifll cb !i.ir llri. Le 0,988 atm 4....} eul d p+!*lt jC ir 4+e ln.,: 0E lll 4

6ur,ti jtilt i-,..sr 6tl-p.Jl L..2r 0i o:-i!l .2Lassrb-l

lr . 2L otl.rtr LF (N2) O++r.irrill j'i &,! 1 atm 6s+
.3atm

tilt 2O oC itl9 i-r;.r rb .5
lld;Jl jl+ii l3l

O*r: 08 atm i.Li;s 145.7 L fulJL-,i o.$. c5: -,1j,.ar. jri f+r Jl.ri. 0u lll 6

O&.8 jlilI 4+S.f i.,,lel lclJr Oi o:J,i!l 25 % rul+ !i;ll rlrJEt &++J!

udtll .#Jtr 7olli

:oiE 'l-rll ,ilS.ll Oe !l+l Ol5.ll $ll iJS j.B.r jyjil ,8

;gs.1 t- $i ot-,!lt ;iLL taie 6JSi I 6JlJ,rl I 4+J.J ijs.. i.J! &i .e

Il;tt c,,g3 rje 43-1l;r a+t.l t+r-;b.r-t:i j lill O. $r. Jlli.

ailsl'+ 3l*,3 50'C li+.. qtrtrJl 6JlJ.Jl is. Jr . 1 1

:O3,r1! o.j Ja

up t_)li-Jt c,,t33 litl 2O oC'o-)

sti [l OiI+! qs]l f+-rll tr!

:dJU Olti i,e J$ i-tlEllii;L-jl Citslll ri.

10

13

| .12

> L..,,1 se iili. ;.tt+-

70.c d! r{rrtr i,Jt}ll 'ynZ32 L fJil+ tull+ e- Otl li!
r(; clii-,113j- ejg cF c+ll isL*

;qlj.Li;jt

(a(b v1 vz

Tr Tt-
(c P1V1 = P2V2P1 Pz

Tr Tz

(d
T't

PrVr PzYz

T1

(a287 ml(b(c 386 ml(d62.04 ml

(a3 atm(b(c 3.988 atm2.964 atm(d0.494 atm

(a(b(c 6.0 L0.66 L(d3.0 L

(a(b 0.179 L116.56 L(c5.587 L(d146.78 L

(ar.J.,,.-*(b(cOJilll(d3-.1ll,,r. Jil

(a(b(c&.rl(drbl€
(ag3j.ll Jial!(b(c gJlll JL.lts.Lill ".i.-ll(dJlL.ll Ji-ll

(ar'l'rh$(b(c ..1.".11OJ.llJ(diJ.,rul

(a(b(c 150 K(d 323 K273 K

(aP1V, = PrY,(b(c V1 v2

T, T2-
P1 Pz

Tr TZT,
PrVr PzYz

Tr

(d 5.5 L (c 4.45 L (b 2.58 L (a

t}ill !j+- L-Hlr-, 6.,,1> a+. 'l ,cl $9 0.67 L otlrle 'tr+r 89 "C lF t| ,5 )tL 'fi.i/,!J

otir.E jLill i5j t'i,' tt 6i
(a(b 605.13332.134(c(d 150.65450.233

lo3 a-J-,t-h &:l-dl r 
-&lrll 

e Lrr.l5ll
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fsJ

157.98 ml

1.5 L

50K

(d

7.0 L



I
-

I
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I II I
200 .C ir._.r.r cJ! .'.i. , l]l 25 .C 6-J1..;s a+1r $e 30 L ra ^r- oj+_r.r+{tl jti iF 4+ .15

;or+gJrr+! I F-rll G .&.li r.i;,'.-':r

r-ll l.ri 30 "C J! jtrll Jr 3 L t6-+.: ;u.:r gr i:;rt L;-"t;-J I ;JlJ.ll isJJ,.. 'ir:l ljl .16
6Eeri jritl ,r -<J .LiiJl oi Lijilt jlill ++l

€sll oiiil LjNl 6JlJiltq1t-. (350 K) ;JlJr i+Jr rb 0.67 L o.Jlriei -t- y ,fr.17
t 45 %.,rl$+

4.73 L (d 4.73 L (c 47.621L (b 47.62 ml (a

2.58 L (d 5.65 L 7.98 L (b 4.32L (a

55K (d 193.28 K (c 466.28 K (b 79.72K (a
c,-,r J! liB fsll sfi [l 4J ;IL^!t ;JlFlt r.,_,;r g. l;r,rL .+"14 jlill 0.. JJr. jtJi.l Inn 18

:0J,1i
JJtl+Jl (d oilh (c dl*,J,sl+ (b tll lJ+ (a

:clt-,sl gt+ OJ"1i ip J.l3 4JLill 4:v.ebJl &jljill 0, rsl .19PrVr PzVz

Tt T2

(d PrVr

= PzVz
(c vr v2

T1 T2

(b Pr Pz

TrT:
(a

;-r oJS: Ul ,,.fr €rljliJl c#lJi iJlJ.rJ L .1.l s"!i i.rr3.lQ

i.i*,rEi
(Ja}sl)ftu

+t{.,,J# (d 4-,j;.lJ-ll oilsll .,dl (a
jE-,Yl cueg lg of, 4f_,rr rjp 5 atm 4i!JL..ll Ah Cerr. ll ;ti.ldr; gl5 rli 21
IJE-yt At.r rqJt!i,:Jl Le -10 oC iJlJEJl as. +t OtS e.J. &,Jl .J;;' d.3,/t

ol+E o..;l.liej jtilt t}-r 41i

l1'1l ,'-t!r lil.ld;ll oJsl as ZS.C 6-,;l-p, i.r. -1r r.b l .88 atm i_,rL*,JLLl .hi; bs t3t .22
6ti1ti o_2lrlej jliJl 11. Oi #-Eit 37 "C sJl iJl-aJl

z'J,€ll)ts 1.12 2f6 r.,;trl'r .rJ..li..b JF 2 L l{-- 4ilJ.L,-l ss fJr!#l ili Jr.Ji.23rlLl
.Fi!l)

rr.,,t Clj Oi .,j+j, d! O "C

.t jlriyr jriJt 6-,)1.,p, 4-r'lr i{ t i 36. S.C 6.,rlr bl 2.56 atm jtitt I{;!9

U

gl+E o_rlJi'.3 jlrJt a+-r gi

l_,p ar,-.,;r Jje 30.7 kPa grU+ jrilI s i;;c l*; oLs t3t .24
6L!13 c_,1lrirj jtiJl fP 0l jiil .'{ u .' ,-io u,:n, iiJ*! l,rj-.lj.Jl ;Jt-FJt

gt+jll ;JlJrll .,,1r gG.l{..hJt tjrLilil ! 30 kPa err.+ 300 K rb jliJl o. En 25
:cru:

2.543 atm (d 4.413 alm (c 7.413 atm (b 9.543 atm (a

1.96 atm (d 4.96 atm (c 3.75 atm (b 1.033 atm (a

435 K (d 135 K (c 235 K (b 335 K (a

146 K (d 246 K (c 546 K (b 346 K (a

900 K (d 1800 K (c 300 K (b 600 K (a
;olt3 ;l .-\ dE &r..€Jl lll .26

:096 ;lr.ll d&. o"lLjt Aj+..27

:jLill gr 6JJr. l1rsl t}-tllJ ;-,l.pJl L._2r3.td;Jt I .lr; .e iJt Ojr.rlilt 28

l-9

lj
JJll+-tgl (d &.r+ (c dll..l-,.1r (b lblF (a

&^l (d .ldr olju.lt (c tb!* (b t (a

1l,Jl ,:r$ill (d .J:r (c .4LrJ - ,Jl+ (b (a

lCrl_.;lgJl U. L9l .29

to4

;crljtill pbJl 4iilill @

2 l,..lJlllt &r+t ;ii.s\-c,]\,\.o.g}\
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1999.68 L (d 2599.68 L (c 3599.68 L (b 1599.68 L (a

. STP L--,,I+.ll .i-l..,Lll d dr+r4d! y OJ+-lyl 1,. I g &l$ cF C.,,ull rLl! .,rrri r+'.43
H=1 O=16

jE ir 0.205 g eJii li!! 19.2 L r-i fJrlj{J jE dF 0.86 g .lJl]l.j rr.x sjj*\ eul 44
He=4 .rrrlrl f-ll t gO*tji.;l..;ia-r.L9.Li;$e ld*ll

;i;4s:t is.plt L;E aut;$t q_.tc I ,,3ljlXl iJ'i.45

R I jtill ,".!.tj.rS 6lrr.46

I jlilt OJ'it! et i 4rMl 4,*tJl &E)rll O. | .47

1.5 r '.1 3 x 102 K rb 3 L r..rr rlrJu.i 6l.p.Cl lilfl3 tr!,3rYl jti, cilJ. $c ?.":l {g
atm

(a(c 0.50 L (b 11.2L22.4L (d 0.25 L

12.62L (d 't3.62 L (c 14.62 L (b '|1.62 L (a

dJl.:..1t s3rjHt (c fu+itt ,:tjtitt (b i.,,i.irll liljlilliJ"t-,ilt ,:t iujt (d (a

(d mol. K/L.
atm

L. atm/mol.
K

(c L. K/atom.
mol

(b L. mol/atm. K (a

PR = nTV (d PV = nRT (c Pn = RTV (b PT = nRV (a

3.18 mol (d 2.18 mol (c 0.18 mol (b 1.18 mol (a

:143 kPa o',l.ti.r .LLi ,',-1: 1 L r.I.J rU! r.ndl jlill U 2.49 mol 6.,11> b_,,r L .49

. Q.$ gf6 o_;lri.r .js.Li..b3 265 K itt-,r b.,,r & l. jE &. 0.323 mol r.-r.,,rl $Q

:$slJ .9 Li;3 300 K i-,rl.p i-r.;r rb Cj;r.,.syt jE cr 0.5 mOl 51

i.,,rlp q.,1l & pe{Jl .rti cr i.+l (atm) 43fl .Li*ill 6.srr 0.108 mol .hi; Jlri. tr 52

5.14 atm (d 7.14 alm (c 6.14 atm (b 8.'14 atm (a

;6t 4p1*SYl jr Olg.jll +r*Si jli (J+ djlJrll rliLr sc .53

4.9 K (d 5.9 K (c 3.9 K (b 6.9 K (a

4.8 L (d 6.8 L (c 7.8 L (b 3.8 L (a

17L (d 12.3',15 L (c 16.532 L (b 15.5 L (a

qiE&t!5
J4,,,11

.ral ,ifr.l6jl
iit)64.

C4+,.,6!t

(c J+."4t Cjg iiE4

\g_tLibt,U,1)l

c*+."6!l iiE4

(b J+."61 dU iiL:4r

g,. .t3l .rr,,lr-Ajl

rt+,.6!l &l1r-

(ar*,11 ;tj
r.rc AyLAJI

!. ...61 .ljbi

Orr+."glll

(d

: J.-t{It!ir+l :ii.o\r.l\ r\.r.orsJl
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ATOMIC STRUCTURE

lntroduction Lri..f-a

.il-,,iisl f,i lliiJl JjljiJl ura+ .jlr -iFr ,f c.r;:Jl c1n3 ,g::Jl s$,!r i."l_)l _i,r-ei a*<:

.,,J<Jill 4+-:ilij l-.51e .J-iL-iJl d,8.r.1,]:. : L"F ll JciJ aJ.J,:,Jl LiLSll J,-jt -i. JJ. +&lt
.U i, S^lt cJtJJl sjJJiSJ)l :+S>,l! *-+ Lj cLri<_/l .:l!l \r+j,+ll

Aristotle and Democritus concepts of Matter 6rlJJ r,-4;Ijr.;r J JL-JI ;ALL 2-4

cljall ;" X,+-r)t -it"-b! U+:ljJl ,,r<-,;i 
rrs o-t-11 ',-:'lt 9 eUl ei ;1-e$l-,J1 +et

J,.-U^ll i5i tiS, .J.il J.-ue a-Ji :r3Jl tu &lr a.+_ll J"-1nll e+J ,LX rtllr . ,,ljjlr
c.4il+t si + . J,.- .1.15Jt ;-,;ilt ,# Aristotle *--ti ,a:11;*j ii-XJl i)" rtsll i+J)l
s)s,:i t.ru gi ft|.,!t+ u".! !" I t Ji.ls iJJl :313; jl! ;^ r.J-rj _* ,..,-,,iilt lrA !U # Democritus
eb +L_r rL,n)l Jl-3 J+ll *j'-:r ( Atomous ) .el r"+r;i gfu ) e j+l ,,1.-:-, ui].i JF5-*
,i-,_i,,,.-o -);c i-,jl+i" irsj " la:i .sle '.J.Jl ,A>r+.r *ip $_: ."/*j,,Ll" . )l *f ( Atom) 6-t
4i,Iri3 .kili,i 15 )-i^5 i;l-1i ,'":tJt ;. ij++ ) fll e-1r,ll o.a.9 ,;lJt !aLx^ ,::*Jl 4+1i"" -.;ge

. ":#j.ll: et.rlj ;Eill ,',r- ;F, ilrJ ksl (i,.-ijl kl;+ e--r r.1-11 4r+t lr;s.;. oll:Jl

ollSil c.J-r3l .rL .:-.,.! a:,J 
't-- .,.-i ,rl:l!ii)l ,-F jislt .Ji! .61-, elLll .jl+JJ;'l .pr,,i,r."*, r"

Llj-,rl .,r. jdtAYl ii-Xll 4X-,i -L riJsl p:o 9 :lii5:)l .-u..rj c.rijJl dli j 4I+lJl +-tt+l!
e- Jl.ijj t4;Y .'*!-F-r+. lsii gbeJ t'Il J"-Ji ii-).ill c)9 jr. jlSJ !.;..+ll k -b'+ cllJ.lJl

.,r.-1l; J AJi ,J)-, llJalt *f e+*i slJll ;i ,--! 6-r+.r .3lrJEj 3,,-i :!i i.+tll J3s o-.iSil

.j-r-.A)l 4'.,6 Jl.J'L,'L. G..,J"'i A-Ji ,..1tS1 o:[i3il4 pl-i ::ii fll-lll :-e;jr

Dalton's Atomic Theory lJillJ 4iJill CJEilt .3-f

Ji.-ir t+S.)'l.,.1c lJ-*i ilJl c1u-6- .Jl9 -i *11 .-..,-2[ilt., elJll el-6 -j& ..p13t ;-rdt !t+ \5s

161111 41illt.tp olr,i, . ,.-uJl LAJ .,,i l.d. !^,{i .:tjJ !..ij ) .rlj* dLir ;i lr ''rr_j :ljJl
!_,,!:: -rLi,lr '.F J# e-Jl+ 6 1802 6t' \Fi 6J$ 4-rel e,-il ? (1844-1766) Dolton

:*.n llin Aj- os iiu.Ut '"-.plt

.e!!J: j. iJ-ll j-6i: .1

.:_.j;$l ii SS fu^.-" t_,S tl.rJl .1ji,ll.r *l 2

.kj- Jr-i ,t>i Jl e-iii Y srJ.Jr .3

'Lu ia',t *tr :sl3Jl *iJl slJi 4
. t<.:+ ilr f$i-ll J..-l,i,ll ctl.! , :l'rir .5

.ai^.- ll cJlJJl .J+Jl !j.c )l ,r' U a!, 1+.Sll cr)clill ;i g_flb -,gel 6,

*ss ,.!E: jS& i-jlJl 4r'il+.511 e 
jlll .r+ 6_.r.i: ;i ;rS+ r.:tJl !J"ll 4+J)i,t ;i ,.r_:Jl: .r-1

{+rx jJi ll .aJc+."sjll ,y g;:,.! 3i r,2! 4. *j^.!ll ;,p;::13 i_)i .:.ri ,-ij*,r Jr'. :ll \."lsi lJt-
eUl gi :rj JUJI ,-]#- ,Jlg ,f$i," !Ji,r+ filiill sljlill o!-ll dFLji.l !+-, ,r-ii,r.lc i1t-E
lre.,'r..;i g3i,lt: .;a_,1iil ..tl+l eill jH 4.al . r"l 

"r rl=i jS.t9;-;r1;rslt 'r...<ri o.,,tS r;^;

r09 a+.rlsyr &rt+r rLul e lriSJI
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JJ-rijlr t..,<Ji Cti3 d,qj+ jl Jl i.it;)t+ .jtilr (.,1+j+ 
@-r"r iXsit \,.i iJE ii)r rA dlJl

crl-,pll osa Oi .-,^ er-!r ,,Joj r.s,l3 *J !r ol-.,i dj..uS!,fit; J:;f.:ll
c.t$_rll) i+!'l JKi {r+ dS.,i:l t"+: ,ii ,.S^"lt u" 4jli ,ir. l+-S Jjl.,} lnJ*fs Ji l.l1,;^r: arfu )
&_A c.p 4:La. Eji-l J! CCt. &j e+. ri-pll ilo ii.,I$- iFl' a;ji.i ,J-ri o:e c.r:tS .(ii" l+tslt

':l esil

Drawbacks of Dalton's Atomic Theory OJ.llJ LJlll L-Jilijll s.ls 6tJl-tieYl .l-3-{

;aJ$t arJa3+lt .Lliill ,r.i U3i.ll crt;l_Fc)l ,_,-+ O:illrJ irJJll tr_Ulll ,.,e itJ
c!Ulj.r+_r d,U-i-r: Jl i-r"I r+e 0s^J e+F eJ-.. * fu',Jll tJ"ll lrL..E ro dri c$ -1

.1#l+4$ll cr)sEill d d-114 fi.^r+ _,i.-i o.r 
.o;.r.ll gsl .crl.:-r_l6l!_l

!i.ri c.rl, ' ''liil rdLl 6..1 .*-rlj:ll g.+ g. I'eJ]jL J^-dl L*ii ellJl gLi ,.liltr.l Gj -2
,Jt.i.ll dU.,,,,,, .-,Jo ._illxll --,C &f,l cJK,.t" ollt orA .l{jliESJ lelh< *,! J,-UJI

.37 -_r!Sltl 35 --dslt l^a l-bsll sc or 4ihr"" &JJ}n,+ JAll 9A
; il"i, lrA dri c.!l3 

"!J .\rstCt Ch+ u. iihi- aiti-ll ,.-tjrlt ot_p gi (lllt.r rrj t.s -3
 0 6l+ !-1i a'ljs ilJlSlr cUEJ)l oU rJ. JS ,ik J dE^ll dJ+- .rlri 'o)l-:11 

"i"+
.lsOborc $lilel p-l.l GF CJlJdll o.raj o17tU {a1j in| i.ttt

cisll ,Jis,illi!.,,,rL;-.-.rts'i !i,"rqrre^+!iilr-lt J"-lnll ol_,)igtirg3ill.:Jl.iij -4
. (CrzHzzOu)-SJl di^ 6riJl '; q^:'ll diJsll \,.i liA .Es)i e.l JSr

i.ro o-i .rs. e O-sl-Sll Oi +i dlill .!i* ,,Li s).-i:ll "._9LE .r or. I U.,ii d q_A!t .",l.xi -5

' u'Ul ""lil!l ','ilt la;' -rr.-

lhe Electric Discharge of Gases and 0"".L1 g.,,llt gJJ"jlt3 aljuJl 
"r,*sll 

C...lr]lt .4-4
fhomson Atomic itlodel
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.i+.+L- tji J.r{313 q.rl-Jl otr.Cl 0# dJill :2-4 dJ+

i-Dr.JL a++3Jlr aJ"r*Jl -'-lrAll .tJj l+F

1-
mu

.Flp. JJSJI 6rs'j,r:iSll ir' -U+-5ll dU

Oi+i.b 5. 97 x lO6 m/ s qt].^J6ba1 el;Sr,r,UiSlt e.r.J.lt &Lll 1+0 tr :4-4rlie

. 9. 11 x Lo-3r kg €Jl-i cuIJYl &s

:d-ll

.4je J-in )J J -i^ll e..,+ll .-rs'f...3

. e j*:Jt io* ,.l..Jii $t-p

h
1

mu

.141 .LJl r"+tt ,.1c d.-in
e3,:Jl i-c-.1r, .--.,-1Ui:

h1--
p

h

(6.63 x 1.0-34)

ffi-1.22xi.0-rorn

Ia5 a a...tr/,yl&rl+l rlrbJl eLr,r.dJl
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d"-l-r 250 g 4$S fiF"+l J:.Jitjll irrj6 (J+.u gr furtr.sp sf.Cl drlall i..ui tr:S-a{.J&

1OSkm/h 931-,:icr.+

:d.ll

h (6.63 x 10-34)
= 8.83 x 10-3s m

mu

- B.B3 x L0-26 nm

Heisenberg Uncertointy Principte 6,+ig si:tt ts iri. .2-10-4

dl ,-+ gJl e-+lt ;tS^ .rr.si ilS.i. cJ-,.t" -p e 1926 pLe € Heisenberg 6tlaln lJt 3S
eii *l' ,;,-:: Jls uncertainty principle tSiSlt 2.o i+,,-* irl+.- e.r, ..rS r:+_r lS-r-
qr.:L-rl iil*. llj .",".'..rJt crd cp O.rJislyt rJi. J 0E J f-c LU i.3.r lrj ui ,Jpl,,-lr u.,,

;l-t.JJt *Jc 1.6+115;fu i'+-ll l*l

AxAp-(Ax)xm(t$>L $)
ilrll /p ru{ic-.,pr;fllUjji$)l el:S..JF&1-1,.e.:Jl 

a_,,Jf pcg;rp - mu.ti .,r-
. r-rlt 4+s +o: +

cL\ c+E /r

.t-l-,isl)l r-r+-r 6.or. +rsi .,! iLrll &
Sx.ti.i(f itrji.,.-/pL$,",-r igilt-lrf-+t rjlgu*t?l!U,ld-t r.:t r:i 1A) iJ.:tJt *i,:

.,J"s,lL._*sJtr,(JSl t# Lx *9i; t-l"..pi g+;.rl;iSlyt rFr,.rr( i

Schriidinger Wove Equdtion J-rj.rrJJ-il iJr-. Jnll ilru.dl .3-10-4

i;li ;S I J, lJr ji Yl a-.--.t:',Jss eils iJJl .J it-iisl)t is! il ^< Jl iiu"ll 6JSs ;li r.J
..1_e-pl g;jL-Jl rlul .i e 1926 alJl Jr .rrrll # jr_;Sl)t eIJLJ .itS. i r eLtst .,le
\,.i 1ji1 i'j-" i+;llJ Lll-- .jlc aLJ rJJl # jl_!sl)r ;sj,-. ;. ! {&lji illl.'- 

-,r+.r.U_,:,i

6^,.-,-r_,d! 
''rrdl LJ.ll ol*_r'1a g. apyj i5_iJt lr):1- .ll, 4S-*X;.i3p.J#lr,s r$.)l

d 4J+dl 'r lill i.rr m 4iIS i.+ 91.J3J,iSDl ,r..r.,,ill A,rJJl ip _x+ g.rJl r.lt.,Ilij-)l
.iJJl o.i.r-5-.r]SUl C-r..,1c .19.r Jl rlz+t+ iJhll-., 5lj.!;.iJ:t -

(#fd)(,oe'#L,.J

1 i...ulrr &r+r :ii.o\-,}\ r\r.or5l\
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ATOMIC STRUCTURE

51J-Jr L+ r;r11:li rt E,lr

Jr-.=+ jrJisl)l :js, iJt r-t .,Jc .I+ I k+_r usll *!.;U;S .,j-" fi Vl iltJ.JC
€^ jt V; L$ l+-i *j.Il Ars". !l CJ}nJI .r^ -ua_!Jl l:a el; .:!1 .'olyll-,, L:- Jl el.:ill rr .-,;r.o
:e-3J iJt .';-t .Jsl*)r Jisi .ti ."u- .o Jr iils r-" g:.$ r+r4 i+r"ll i.,...., 1+>".rp i-)!.
j_r_,isl)l :0,. ,: iJ.l-i-l l4^ii .)5i JiJt+: ..-6+ L J,Si 4iiJJlsl)t A.iljsJr ;3sj.J:,r -r ;;.ilI

.ilcLrLt-Jl ":u, tt ;
lS*ilSJ^ & .# +.l1 & a,- iqj el,r-Sll3 o!+ill # :1'r ;,:J ql.:r -.,;s.r:j2ii iJ:L- cils $J

.Quontum Theory flt L;E $ g Jiilt k+,l-,l Jll a-',-dl r<rx<r "ll ri 5,ll

General Hypothesis ol Modern Atomic qJrjt /riJ]jl i.,,-rii! Lt^'tt .;.uitt .4-19-4
Theory

:oj)lS 4jj:.ll 4iJJl l.t Aill e.&i^+ iJJl ,JSi ,J-;sI Jfu
'uJl A]ls &,- *r- dl (c..)U;"rr.,1, i+lt i:..ntt .5l9 *-,u iU !.,).'ollr .,_6s .f

. (eiUrJir-Jlr ert :-i"r_!D

.i +S {-_n clJFii \,AJ t+ltJt 13' cl..j .J,,j sE_r-,,lslYt+ tlrill .tl-si .2
GltjJl ora;.-.,p, J{i"^fitll.e!tlr,ill d_nlt-.!Jt j-orrs-.6t1&Ji.^iidJUrnslyl 3

Jfu t- J,Si d.Llill ,ra glil.r ,:Li3-,,;isl)l :jg,-j iJ.l-i.sl ;JS C+- l,i1Ji<)l aJLJl
lrfu&m;rplt oe.rjJt+il,r.-ll drurjsl)l OFjtr.,r$l &1nll etiSl ellJJl '-tl1-$o .4

. Le:+ e^ .tlii 4.s_.,;LrJl cl;)l g,.,.XJ

.6J$;r;Kl)l :+S-iI+ l- "-j'l 1!" 1+.Sll ;ral.isJl :r-r'r .5
'UJI;JJiSl)l :+S-.,J! A.l-l,- JS+ ki;El r+ cJlJll r-i^J.9:ll ee;.lt u!L:qn>L.rt .e

Description ol Hydrogen i*l**ll i,! rj,aj .!-tQ-zf

Atom

4-ilJ.ll ri!Jj,,* -ps: ta.isa -p..,":_.$ iJrl-- ;l,i 4+i-ll i?J!l i+.l.t,jll LUI lF3lll .Jo eE.r

..r ii.". JSI iliGJl I Ls/l 4llJl GJ,+ kj.J .r+:_.,+ell t_.,p i gj;lSJlt trl:.i, ;i .lSJl
;_! r+5_! Stl bi.j*.r ei Ji UrS4 t<+ 

"Jt 
aSlt :1.:ci .1.4.e_r++ o:r 4!Gll dJl+ri.,.,a j:!^sr

. .l;+,1-,,+ell

Yl I j.' lL.lr+:_.,+dl i,!;lS-:r-,,;i ; ltl<.1 Y i5,ll l<ltl<:-ll sLall.*^ ;i ;" er _,ll .-|9,r
LLr.,,l ?,e^ {li, tiA J^J . lJrra iJ.j $r 14;.JJJiSl)l :3p,3 j;1 ,:lt iifilt U::ii la.ii

,'u- .ir.:ll J" 1i+,- lij& r:' .tl-n$)l .:-9q,j !Jl-i-l \F+ t'.:ll Electron Density 4nJUirNl

6-tEJl Jtf"ir .6ljilL LJs Jr .t ,)l JX eL;ilr ; ++_r_Al)t i.]r- "lt grjJj vl ill.rJl 6+_.p .r.si
i-lrljsll sl5.3IUl-l .!_.rslll :5./ 1r-:.=t lis)r d.tE ll a.iljsll i.JLo a+,r_,,sul !r- "lt c.,tl

..r_r_,,3)l .r35jJ !t-:.=t Jri)l GluJt Ji^i A.-bisr-ll ++_r_,,K])l

,g!l dlill elt--- rl\r1.,,1 ,i:sAt;*;tS;_!J J3q.-i*-_r-, l-&Sll r<.r16J-ll ...,atL;ru i-I iill3
,t!t orbit Jlill elt -. er ):,i ;r.rll *: !+!l .rrJislYl iJl: *lo iJ).rll Atomic Orbitol
ldi .:'-..'ll! j,jJJ.',Sll ue Ssii l-r.ior .4+ Gi..f rl+)l +Ui crlJlr.ll . :. 

-rl ;9 a,.;y
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iJlJl p-y oJ.si grJl rf i! or .t:-isl)l rF.: i-rl.L3rl ri i.,j" rJssl)l &Bslt gj-f JC! ,,:':
a..-Ldl 4+i3_risl)l i.rl-s*Jl :rs-. G-,r-F-l'oL- iElJ" g-,;rll 'sllill gJS clliiJ .tJJl # I .+.Ct
i;-oi-Jl a53-.,p.Jt l;: or .r-l-isl)l iS,! 6,"6r ' ; : "tLtl .J -.,pj:j-.,;& i..Ll--'"'-ii .:5r .!
lislr 'K. Jts 4i$.ll J.:lJt ot-q o-l-isl! .l^ -.,risi .,J' 1:.is-ll c.,lJ!l l-"i .-.ri-rr: ;::sll *L

.+$ o Jl 4+5J,. eJEj ,-L'l iltll o.re3 '!l il:U l*,.,fr irtl l+I

Quantum Numbers dll 'rl're i .11-4

';-! j:5ll .J-!l JrJiSl)l .: J 4i"S:t.rci di$ U^-i! rsll K+lS+^ c.,,tru-.,,,.,,-
':l:c)l o.:a j..-bll .'l+.:l+J -r+.r::_,ri 

AIb- & aF 1#Sll .:l:s!l o:a CI A-.. _r_tglt

Principle Quontum Number 44411 {Jl r-o

Angulor Momentum Qudntum Number qtUl 2jJl { t-o si gglill {Jt :-t

Mognetic Quantum Number s,+bLfrAl {Jl r-to

SPin Quantum Number y'jiall {Jl ,ua

.i.-Jr#eljl $,ll ::ot-i ,n!.i"g:J| ,rllillr;3nSlll .; l#JJ)l 1.:)5ll ;Sll $oi r'1..,i
..t:-rsl).I J^lSl . ; !l eUc,l .,,i Ait^Ai i-sr :.rs- -i;I ,",-';;, 6l)l 4s;n

Principol Quontum Number z c/*- Jl fll r..E .1-11-4

AJ:tJt ; J3a k:Jill .rll psll :l.ui 
"Js.,ar 7 Jl 1 .r# l- 6rlr # rill is+s-- d+ .,!+

*l'Llj ,j+j:r ) lrA) 4li,f+ t'll .rllill alLtJ iljJl ;p ",ilt J:.i .r+_r-r+<lt 
.,j 

or \J.A: (7)

..,)9 .rJisl)t rr rt-.1 I .l< p i.^;i ..:rt_.) UIS ci -i, Jt .ld (.r+:eelt -.Ji j*a J-jAll i.,tJJl
'i^.- 

,Si isli Jr^t, JL-r 4i!t! irrrj l-lsr slCt

Angular Momentum Quontum Number A 6jljJl pll f rs .2-tt-q

i'll erill &i'ir .ilrill JF 4jlJ, o.i ..r-9_.riSl)l oir"l grll cllill JS.X /,fu\)t ?ll $ ::c :,'-..r

.ill frljll .jJl $ ::c :-! n ..r. i+- LF ill- oii ,n '+-ll psll lr iai *L t""r+
n=l .r+jl Sll .,.' uls t:l.i . n-I jjl+s ) ,i .++ Jl "l 

i+ .Jlgi i Jr.- ..,r, i.:rs--lr

r O #l! ril., (,tV n = 3 i4S cL:ls lil-e 1j 0 ,l (*,-F n =2 sjlS lilrlii O ? /*,tV
Jl+ll ,-,,,.,.= glill Jis,tu .J-tJl ,.,+lll j^-,ll .):.,t ..1.tL .;J- :+-r; /.,. L$ JSI: .lSaj 2 , 1

:*JYr

.dJitill fsll .r.rrl rtr!. LJill 41il.l i.;qHl jJ"-,ll :3-4 dJ+

r 2 3 5

h

4

9'IdpsName of orbital

le8
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ATOMIC STRUCTURE

;)-I-J I :i-;J

Lrjs-r s Jl. ,rllill L! / - Q U$e s+ lu3 1563ll letters ! fjr.-lt GJ-!t+ dj.j t+l JAJJ
dll+Yl , :i]^l iJirtlll.-J.ill JS- jJ.jt .ra dE i . (J*Sll .i-nl! p o+ll) p y ,rltill rj.i /_- L

,!!- .u!r,. JJ+dt . :lL i-t_t+ l3.l!.;-rlJl clJJt 6 re.r--) pj lJ

s = sharp

p = principle

d = diffuse

/= fundemental

:Lr . -,i

q#J #

!r-,l-i r+,i

g" :.:c \.rJ r.tA L:jr: .g, h, i, j, t, ... ,p++!t \$!l e$ rre 4.+J!l oqJ LrJliJl _2r._!t t-i

#lL ii..ll gxll ui .'!++-.: shell trli J:^i l+i .Jq rli,_).,J,lr rslr :.:c ,*i: $ \rjll dlxll
elJia a = 2 .,.+,_ll .i)ull Jl-:.ll ,J#* J.! .subshells +rt i&i }n.F# / dF iili-ll

.2ps 2s t-^ .,1U.-P !,,)l.i)i

i-E.ll 4+rJisl)l i+1- rl o.l t]ii Jl a+ri,ll sl+r:Jl .::c ;131 pSJl ::o 1^$ i.'li l+:I3
al ..tAt liie ,i+.1,,.* ..r:+ _.r+.Ei ellilt Ol.l O Lrlll 3i U eis *ii 6l!l .J_,5 ;_:Jsl)l K_rl
g.:iio .5ji,.* .-rlk + ;rllill ;i ,ri+ t:e JLi 1 i l:ll lsj] iJi- Li .5,slUll iJ-s. o:l-j,fJ-Sll Jis]ill

k+ r+t,isl)r lil.isjl i.4$ eI+ ai:"r. u<+ U.-i: Jlj Jsi,J]o +:_.,S1)t a.rr-,,.11 qJi"i_5 :rlj
NodelPlone6.&Jl 6ji,.eJl 3o:rj i.-l.#jri$)l :31,,ej;..1 a4iULi"\rii .j,i n-
U- .,tl Llr3.i ell+: ix.iio ;.L,-d.^,^ .r]c gj-; r:! /= 2 i':- d dlill ./ l-.i .p .rllill ills *pr
slrri,.- .,5)j 4s /= 3 {"* giltl ettlt ..t' o-J.-! iljLdr .u-a ..-i 4+ti A.+n .-J' lIt-lSl)l

. 
A+Jie

The mognetic quontum numbet m, s-+Ll&ll pl JE .3-11-4

i.rs.-ll 4^ti irir J{i f1^Js + 4i^ii r&i1 ec.,;ill -ixll j er.' ill *.i,Jllill olai! l:e pSJl ::o d]a
2 / + / g:,r; \r.",L- ln-ll eill :.:'l a$l ;" :.:e ctLia / L4 J$:.J,iJ! 1JJJ ,ii.lrll-r AJJI

..,1.! p el i,,J--,il / =L &ils l:!J . mt",r.,y Q .:.:e ti.:l l}i 5 dlill ilt- gi 7--9 sjts li! .ri,-i
r+s O" 2(2) +1 = 5 ro q.l ,:F a,Jllill ills $l /=2 dijls lllr . mte,y 2(1) +1 = 3 $o qJ

.m,

The spin quantum number m, j$l Pl r.E .4-U-4

Jl+-l J"iil J.1;j Jic aii ;1p Jl3 g,r'-.1',1:-6Jl ; r)Sl ,:t4Yt .+L -l-..'Jr.rll cJJeLi

*-,iill ;LSj . t-el _.,ntlilt , :JLll ;F ,r+t ld JS JIJJI Jl q;"31 clli ,..ri.i ts-rr \r.+tti*
.JlS ! )l ,5.s; ) l:rj tj,.-,J+Ll'!* 4-,iS -i "-+ irr-nslJ ,.JS Oi rn';jui.ll 'rd JriiiJl +-Jl

le9 a4trYtfurt-dl rfuhll c ld.iIll
oENERAL CHEMIS|RY: THE ESSENflAL PRINCIPLES



t
a t

I

i-,-JUi.J ,e(]l ! Jill .,,."- .,Li laJJ,.:- Je.r-.,!l .13:6 LS o-.,1-5s.^ Jr- J;+ .l-9;Sl)l
g-4 Jis,ill C--*r a:.i,-,:Jl rrL"..,-,+Jl Ji r.,li- ?ll JJill tSJ- ,-r" !.^rtU;.lt rr)li 'll Jj1i

clockwise i.ot-Jl u.1b g";r-.,13:.lt ;3S;;5 J-eYt .rrJSl)l Jlll iS! iHjS^Jl CUl)l
, t. J elt *.5,S :rc JE:l E+ls als+ tlA .,,1,.J counterclockwiss LeL-Jt c,. i.b Gl'"il3ll3

.-7, s\ +Y. #l ".! ;i ;So1 gUl m, ::Jl ,r, iil nll aSll .:a

:a

al

t,

,t . .gnttlc Fleld Unel:

U-+'lri.n Jrr- oll Jc5Jel
*

.s,..lL'.i.-rl dts.I d o_iril .LJEit raul 63_.,!rlyl tLD si)tiil :9-4 cjs"i

Atomic orbitals tJjll d).iyt .12_4

s orbitols- s ,i$ii .1-12-4

ji 4iB)lr t;j_):SJ)t ,iir, g:Jl ,Jllill JSri JA L" :\5jll 9 pliJl tro .f 1X.i u 6A L" poi .t
. : 

-r cJ,+; 1- 4+1i)ll .rjr1 ildl i,. $"i,rllill rrrs4ll i.J+JJl allrll .J! r'- JS.,i d uC cllill

;i :1; l-.r:c i.--l-s;:r.- Jts,ii kl g)3Yl ji \5.i _',siill !; "ll ;r^ {li -!Ut+_r .1i-. dlill uls.i

-#!+SJt LilJill .3J:: irrr,Ii ' : i

.-.,-.,1,ii!l,j i_.,pJl # jlS- t'i os r+-r* .ti i.64 jJJiSl)l ;i e,r--:t J- 4ji Jrri ljJ!.i .r-bgEill hA .}JJ
Ul.- *.i ,rAr) .s-)i.) iii.ti. J. . :l'iir ajsfr ..1*:-iliiJt r+"r_,risl)l arl-..,11 ijES ji Yl tlC! JF

k$lls Ji3 ei rldl J)" .;jill-., 1:- filS ;3S l<,i ;'.^t k+_.,8 Jl r-.,p.ll .Jil: ;ra $.ii (Is ,rll;ll
ji dF ji trr<* .+;iij}-r.3 .i 'i.- +lBslt g+^-i lAJro \Fjll a.rl+)ll Jl e.,.'+l L"LS .r".1r,--1 LJS,j"

ttlr=+|

r30
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ATOMIC STRUCTURE

31i-Jr 4-{ s f;4!4lt Jtad,i1!

.-,-9$ 100 & -rU, t.' aJ glj L;- 
" o.i ;lCt J. +_,,rll+ a:gr ty o/o91o*-i: 6_.f$r

Jt iif:lt , tl,i *ll qr!-Jt :j.sJt oa ,n ui .*,J:_6 ,i gyt: e_: .!ilJt g+.-t c[+:
.-1s ellill ,,t' rJ . nsl)t lSJs uc i.rjull i+lslt An_r_,FSl)t ir- ."tt ,-r %90 

"]:.1
d)tii ;p i.j.s k+ .:;l-.. -r.1:1dl ;-d 3s :2s r 15 el),i) i.r.!-lt ::.sJt 1g-4 

"p;ilr 6;*
..J$-ll Sl .uc tr!;,+Jl .:l:-;.',1- la-Lr-ri \,.i. iltl l 

6 
t<lj sp herico! shopes JLill L&i

cilJt sli,J d: h. _r_.,s1} &l3t gj! d.-ul Jl Jiiir L_Lritl .r" tCt tjA ;i -E-:rJr ;,
.iJJt j,Jiu+ fuJti. {+"rlt u.- ellsj cllilt JS.,i !.S J$l +t

1s - Orbital 2/6

2s - Orbital

,cl+rr..r.r*ll 6tll 3s r 2s j 15 c!).iit 4JS.t*Jt lrrJ :10-4 ds.i

3s - Orbital

I3l 1 J...!a}l &.llJl 'arhrl e li.dStl
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PRINCIPLES

I I
p oftitats P A$i.Z'rZ+

,ti n = 2., Jjl ..#ll &ll 4l p .J" ,f J .i)i Jri dii gi ;ult li)ill os p elXi 1j6t i'r

i-;!l oe elxi 3X Jl r"l.,J ali gi i;-2rs-ltslt JrlJl ,Jc +lj c,l'e-i eX -ri!;i
or rr)l p,-r. .i-,;s, JE 6. i::r. :Jl I +iJl Jr*jl # po pr, p, 

"-."1 Jl r'l f f -+ JS.J!

.cllil+ a,.-lJl U_r_rKl)l L]JI 4.1r,' '.rr g!! t'-rI-jslt J.Jt ji tlJill s.i41;11 oir! gJl

_piilr e,,r 4 r,t:.r, g-rll ,.-r-r,.rslYl gi oi+ t$j i+Jlr Jis.'ill ; Lt.j lIl-3. ajxll JX)l 
'rA

.i-!uJr .J.

I !
I aa

2p, orbital

vvv

Zz

x x

2p, orbitll2p, orbital

Nodal
plane

z
z z

v xx v

2p, 2p,l 2p,

.L;,;:rtst cilbr$ s,e 
p,{ley i,,1r!,,."tt r3.rrJt :11.4 c)!i

JLll+JJl rAte+-tt ;Ia;jS;...3ss2s-, 15eDtill r.r#j)Ei,)l 3i ti,t-t,-'-, l-S,

$ll .sjjjl Sll * L$'..U +J3 Jl k-I.-i i lii . h:.r ... 4p s jp -i 2p elx)l t;r
.4Ii& fJl UlJjsl)l i-iU" crrt-.) l-ls dllill r+- JS l-ls ti gi i-!tJ",ll iJrj \rr+

I3a

7,-
L--

/

x



ct # ep--"r 4l (,ilt 3d clnt t'i &lElt u-*rJjt G)ilt iJ. iri,r AA tra 2 4^rilt / \:.n Lrje
JS *J. A-;r"ll el--)l+ 12-a dlSdL aliJl ds +2, +1", O, _1,,_2 oe *+.rJ.. f-lJl 

aS,.lt :rc
kJs crurJ6lYl ,ill &l ollit ,5.iJ.ii o-1E d dlxi .,.i c.Iill)t otl p Lf ut- ,j t^sr .dlli
ic*,1.: p+-tt e!a O1$ k--b,.J O. ... 5d :4d r 3ot dlxi Gxitr .i!I.-Ul u. Jri.lt u*sr td

.d orbitsls ond other higher energy or6161s /,,iV u,b\t cDlitr d 4*ii .3-124

.Ljri- Jtslt €l^biyl sf d,:tliy ;cr!*Jt ll..tl :12_4 t)*3

f orbitals 7 a$i .4-12-4

iK.ill

r-r+ a.ij-Fll ol=/ill ol ll g-r:rlr cJ_r+lt .r / ijSJt J,-L- i.*t-.,p ,r- / dbui 4J.ai *L::'ori." dlsii U U+,tt dlXyl .lal szU ,._gl_1all, soTh p.e.,._1j,iJt ,fjs & d,l+xsltr.:r+::Xr
.13-4 LK.iJl 6 le -r . 
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4f xyz
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ATOMIC STRUCTURE

Energy ol Orbitals ,Jllilt ;!tL .5-12-4

_.,p:lji^ :.sr aJl e43ll J" el-i UlS.iiJ LeJ+-; ijli-ll .:lX)l aH cJl-irJill u,.'- ;i 'e_e ;)l
.,,..- .5]9-, LE^lr a-iu"ll lJ!di$^J iflr \,l ciurJisl)r \+-F -iu i$s EJJ iJ.,,'^,,,Jt Lcj1-!u

n .p_ll pS,lt .:.r LLir r,e_r-s JS^l+ >Ei.,u+-r_.r+<ll iJi # JJJiSI)I aiU OF (7) e$Jl
:\rill l+Jill .,, "- +-!..rs:-,+dl t-.p j eD-i)l i.!tJ";tr ttjjt;j

1s < 2s = 2p < 3s = 3p = 3d < 4s = lp = !f, = lf a...

ji )l 2p .:llill ,.p 2r ,rllill iJ-r ;, ;krl ++_r_!sl)l !l-.,,11 J,$ ;i .a.) ci e-:+ lra u.r
ali 9i ;1-.;s.l)J i5.. iitl" .Jri .!+ rs dliJl ;ij .i!l!Jt ;^ .l:ill u"ii 4l t-Ax .ss .lr-6lYl

-.,S!t :n Slill lra o!:j;jJl ;3-.,1SlYl: .ground state !;;.1Yl .ilUl fi iJl 'ii-l -,:sllillJl
:l:-.,;i rjllJo ;tr i-itJo *Jc)t cjq..i.,.ll r+ .,u-,r;fs$l rr. Jt .t-r l-i .kl -,,-ji!l J# il1ilL UL,iJl

.iJl5Jl lltJl d tJJl e+;:r

-1Si e+; ol.:j_;Sl)J 4-ti^ll iilLll iJUi..,* 6r c.- ;l.i j,,,... -r-r*ll ;r. JSll ol-.,plJ i.,;.L Li
::c .i-$ .rJc l.o:ljcl ., ,i1. J! gjt1tt a-,!l aS :.r o-i A$J^ll {+Jlil asJsll J^Le Jir.,J i ''Ji'l

'o::ri^ r-,;i ; !.,+-llt !p,!lt ,.:!-.:.,-Jl {-iEi^ll &EUll r.l.t 14-4 JS-,illJ .*-,+jl ,Sll

.4s cllill i3U" 9 l:- tuJEi^ i.lU 41 3d dlill ;i a-+ 1.6-i.r dJUrJiSl)l

6'^ 1f-------
5-- -- r= 5' ad-----5r-
4a--- n'..

- 1t- -- --
T--- n= 3

at-

A=2

lr-

5f------- n= 7

n-c6,--sa-
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# *L t4i i$r al-.i&ll cl)s)l cJl.lU t.r+- & Iil ;.;l;;.rJJ i.,,l$l a-6J"ll i"$ ui'ir
el)tii ,.r J.li .-)S,-rt-,i...1 alt.t ;L -,rss;Jt e^ dXYl .rA Ji,:n ilt ouj_lisJ)l ;p yuill crl-ll}

4s .Jllill eJ^ 61 ;i ir- Jt ;r iJtJt ,ia ;5 J,+j L" lra, , Lii ;p: JSll & .*rrt' .l+ +Jl
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tlrtI fu,y,-.l;- L 9 l.:r_e iill"ll oi b+l-!.,,."- i."^ill dD3ll 4+ \-i t'.lll \+I!l 15-4

.Aufba u P ri n ci Pl s -o Lall

n= t

ri=2

n=3

n=4

rl=5

n=6

n=7

.;itLtt (,t la+lji,+ ,- i.".ilt ,lbl3yl p& r#j :15-4 clEi

Electronic Configuration q,.,Jisl'Jt,,?..iJl .13-4

# ai+ Jr_isl)l lra sr; lj.r ol-jJr- q.srr jl-!Sl! g! a*,,J!t tirsll .rt.)9!t i.i -- C,.";
('!+- -.L! ..t-l-,)jsl)] ;;!rlt ;lj:,Jt _4J.1 t JtLi i.,.sll .rl:e!t .:r ;i ..i,-+ ri_.pJt *.i "".-,rlti:i!l \ra 2, 'rllill ;iU3 $Sl) :-! ia-.fit L^ll rhcll J,.ll

n=2, l=0, rnr =0and fi1s= +/z or -/z
pr-3_.fir ,',r- 12,O,O,+%lr1 Q,O,O,-/z) JlllslJ...,.,.i.irAhll -.,u!urrrc.:t:c!l o:aj
i.a$ ;i g.-t3lt ,.t _l .rrJtrJt .& m, s mt s I t n i+J!l i.rllt .:t:s!l ,Jf.: ;Jr"glt Jl _,,U+lr .l^

.4Sl! .,.lc -i, ) l1:i \r+ L^.4lilt e+- Y.9 r-JS.i .,jc -$-f Y rn, t;r,-lt ,sJr ::o

Pauli Exclusion Principle rtr+:-:tl lj\ i.rti ,1-13-4

.jfil gi rlg,.,-.lt u.4" aji ,Je u-i:J Otjsl! cl. JKi ,JJ9 f+.ts^lt ,alJrU rrc,ljjt ou l.!!$
i-Dg:t ;-,, s:t rtrcYt i .:Ui;isJll diit t:ti ir.;:t i*es:t a^rtrer s.i 6JJt u..ii d a#r_,s:l
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ATOMIC STRUCTURE

,.li ,,.rt €lli,JS oi .r-,-l 6JL{.J ."Jiy! Oe .il3i-. J-P r'{t',Jsl OJs gi s9.tt f ,y'ryt
.djill ,"'r iu",Sl,L tlJSJ Oi J.Jl .+ +ir ;SI!+ J.ii tJi&

poramagnetic ond Diamagnetic properties trsih-Ll+ttl J i+qLlLlJtdl o.iL.l'll .2-13-4

l+i {;-,1!.t.r_,p- .;.6ri Oi .1. eni 
rel-tr L: (65ll lS.,.i. lsr^ ,.,-i *i ;^ rl-.ri-)J t-et+ ".:cli ;r.r,;

.J rr$li. r et-.,ell 6;*1 15 dlill os ;l:3;3Jl OE-r,.,11Slll sts 3b AJE !s +i iral-^i'a Ljcl'
,-.,-r-,:sl! r.JS C po' 't r- 33.+-l t+rl .,^ LJ" ;r*tl Leiisr,. dF dll evX,"$ll gr'+..lt OtSl rJvJt

.illS t+l UAi ,raX r*JFlr ri$.ll ,ill cr ir)l u^n oi L"6J-,,1; ' ! '|i 'j L.6.-b+ ,-rljj+ Le,,i ''r-
e$r ey:r ,+ unX Ji .'fi djilr oi ,J,,St,:. tJS& t 'ii.,*Jt 4J-.ll ,J .rlrFy l-eji srr 1-.

.i.:-,!i. oEj-,;iSJl ,& +f Y -oJi t'i i+.+tl.i;*!: iJi p.drdl 6ri J.':'j 'rtlii, 5Yl iS'p'..1,'

.:-,!r-.:;s3 O-,jStl ,Jl9' ,fj.l $! i+.+Luj,-lJl+ ty ot3 cl.,.til! dr-". r-1-16Jt i-.; t..i

.JJ+x 
=Fll 

-rljJr [.iL paramagnetic substances a+''J'L- U'*lJUl Jldl '-iJ'i LLo ii'-r.-l

kis-)t d a-p. ,-rUj-)iSl) .:ja.iJ l.g:,5-tti o+^G, 
l:;- cjt+- il' aj.iull leCl l"rn J!

'..r-;islYt

i..i"il,ilt g3iilt Lrur 6^ yr.:r u;:lr :r!r .rx.r diamagnetic substances i*.,,:u1.;*t+"it .:lll Li

.4+.1r.r-r" c.Li-r$ll .Jr lil *A..rr-isl)t k*S; o! etlJ lrAr,p-rti o+,.;Lti;* dl+- cl'

+I_i ips.rt'.Jrlll&tl lH ,-ill &)Jll -isi lslc d'.--j J,-lnI f.J.+t- ljj*ll Ualjijl .r1+!..l.r

aS^,.f ..y!ill ',;a;i c.,!S,=Jc oi.,,;.t oJr r xrSll ol-2 &ll ''' rt-.:ij .dX!l ,*s cJUrisl)l

l-rrs.i LLe ii.-+-r .,;r...L:'ll jSJi:;:.Jt crUrJisl)l .:.u q:si3 i3'!Sl)l 6ljlll ;sier' ctJJt

.t-l-isl! .-prl 1,+l: i.-rtEi-l-tt d.lF crlJ 6Ji sn t'J'.,;e ,f;P s:c .rJc Ajiri i-.,;o 9i ;i qJCt

,F *lri qeJIt rJ,ll d.ti c.,tJ:]l dri dF Oi a,L:-l I d.,.ril+ EiSIr .i.r-rir- i.., c.- ,J JEi ri
*3;;6; ; -.,3si ri .r+-r-.,Ki! ,,r' k--,U t'A ui ':sJr gn ,*{'i ii..+Ll$'l+ iilr
41;;J.lll d.,l-^,,,1+ill eJ.r ll *-f.: k$lt ';.:Jl 

q;-.;:Jt ::Jl c.,li eO .H+'^,.s!t t,! aI- os t-S

.ij-)ll a.i!U.ll ; Jcl*- LS .p,,!:^.x-r-tSll ..lJc

Screening Elfect in PolYdtomic /l16,ns cruj,is}Il i+s ,:,Ulll e's !i+Jl ..,!. U .S-fa+

e_)y &l rU.:lIJ ,c,Er nslyl 6.:-rri. c.ll_.pll /5 cllill gr ,IlE iilla ,Jci 2p elli.lt ;i '!L' 5j
r*g.J lrAj 1s2 2p1 e{t 1s2 2s1 I ill! dlryl 6JlJl ot:-r-!sl) 3 -l' +-i.l l! or.ljsl!

ej-f 1$Sl Cb e--t 15-4 cls..lill C;e .tlill J^ 1*J'11 el)diXJ ', '.-t1 -.'!" Q ;-"+ L .5le ;1+

2p s 2s.x Js e+- JSI iJlr 4ji -t& ciS,ilt ;, 2p s 2s -, Is elX\ qt-Ailt dLJ''Yt dll:

{Jr-. g. .)rsi JS& ilCl ,.r ir+'.1 k$l # -iJ"" l-+.ri eiEJ iisl}l iJi-i 1s dllilti tjJtii^

;r:llr .;l-j-1:S$r -Ll+Jl j'---r L^'.lCl u .+jJ j$lt ,=p-9-S 1t '-'ll;ll, .1s '-'u;ll os ert:-9-.,1:SJ)l

, 25 ilrsliill ; srj1Jisryl i1c SJ+'olCt JbGii :.,+- Jl 9:1 gJl ylt ;Sa U J'Sl 4j)i'j+

.JeijrJJl ii...iill g5,f3t-a; lrtj3Jisl)l qe*f"':lj."-e;rjS1)l +il+ll diiilrll gc':'')l 2p

.1, ,r[;lt cirj:Jrsll e_] ejJti^.otcl

a-a*t-tt &rt a\l rfutrJl c Lr*r$ I
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2p t 2s 315 ,$1i! €JEill d[.:ryl futr g[t: :fe+rJsi
i,+L Jl eu .,r+-ll Gxll .J"ii ;^ r-e,i e'_., 2p clilr j. a-EU 

"[i 
25 elUr ,),;,;.e.:lr ;,.!tj

2p ;,;'1.L:.1. -$i Zs ,rllilt t+s 16-4 Js.,ilt q,. e;rJ l-s! L"aX l5.i 4ijrjStyr A.lr.:S.lr gj_{
,_r+ll .r. E^ e,L\ 2p dlx! .+irJisl)t i.itlslt j. J,JSI 6tr,Jt ,.1. +_,,rll+ rl +r:-isl)t A.iljslt jS!
6JJl i. *LlJl r '+ll Gt-l:it ,si ists al*; t'ilr J.)r 2s J[i! t'Jaiilr Jljs)r iJr:; _xl-lr
.} dlilt r,.I ;l-i Ltc ti-t_g .2p dli,lti fuJtL is it-ty'Lr.-.Jsi g+.-, JU+_, irdt ;F .*Jrlt
n .rr-!l $ll :.u ,-*ii U .Jl dx)l I i,^i6 cJrtj L.lS i-li: i-):Jr ; ajiblr iitnll jlJii)l

\,j)ls JjSJ-.,r:rlt ;i *:,+
s>p>d>f>...

sUrJ<lYl ;i J! +":t- t.a ;!i (t<+" +y t'i) 
."tdt 4-ttirt .er + .:r-ir.-,,r_,,js1)t gu.ti ,,r-,r

.J'. s1jJJ3l,lll t:.,'lLl .s-Fi ..Jlr+ ri .2p d[ilt sl.::jsll .-r a!f-t 
"Ei ijs: Zs eXXl ,J

{-t-t} ttrill ;1c l61i- _r,,u.l^;u \FJl 2s clilt e:_.,<ll t-1,l1 L;)Jl ;. J6i {-iU 2p clxi
64 ).1+r-,xJl tJi *.5 rprl .t:_FsJ)t Ji JF Ji tr<.: igij .61r,.,L.=JJi)l 2s r js Jglilr

. '-- Gii..i '*!'v

0
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ATOMIC STRUCTURE

31,.1-Jt 2 ag;)&-r|r

Hund's Rule .IiJa 65t3 .4-13-4

,t'Jdl .iXll .Frl $.1 lt e,tij;isl)J +,r;SlYt 6;jrJt &l'Eli ,3:rtll -J,Ki Ji ,il' ,'-ll
ig ), i.r 'ii.lt cJErJiSlyl u. ,jS.. ..o JSi ..$.3 .,5' l-ri r..13t qrjtr- ds,i+ eJi"f,: dii \r.

.kl aaE ll crl-j5ll Jiii-l .q )! 6t9-2Yt ; otjrJisl)l

qb c', rijo 6.rt! Ls:,*,, Or+,*sYr3 oJ+!+jll ir }sl +:jsl'Jl t ijlt :ilsi :O-adt't'
fCijtt

:d.ll

:y al ;:-tKlYl ejvlt rij olUlt.,1 7 ,f:t+ C1''.' -r:+JJ 91Jl r'u'lt

1s22s22p3

2p

::r al o.,l$Ur 6jr.,,ll cF Jtlt+r S +-ru+.r+J!t: g;lll $'ll

Zs

P, Pv Pv

P' Pv Pv

1s

1s22s22p4

2s

1s

JF"lr "l' ..*-dr .rFJr 
",l"il 

p Jii .rltsl! e^ €rr->; ji gt-2Jt ;-i-1i$)t J;i 1$O t-.i;
;. ;[i Otr:;Yt ]iE jh'ir 6sl)l J# ]1i6ll airi;Y J$r .*-,r"lt .sri,"-lt .,r Ji!.- Jti+-rli .J
sErJiSlYl J; ;t".;ltrS .-pl .rej .9j.^^^ J! ,*> !rJs.". !). ;',-,:isl)l -lil Lj}ll iiull

.Jl-,;ii.-)l .t -r"i -.,$i iJll .,-t+ 6..JI lra .fi .:-t3.h;l j;! i:-r"Jl

1 t f
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Aufbou Principle,sr. tl pl+ll i.+ .S-flq

r.dl .rrrji; l*s " 4ji ,Jc u,-jJ fillJ .fui. lJyt {J!L ctiJt gi Aufh, 3G. gl lri.+, ;_r.J L }-,
;rlij L!..Jx t^rre +!j:i L{i ou.g_islyt OG;tJilt d druJiJ}ll ,r.r irl.rr;,al.{tll 6_,)iJt

*q,Flt o-,L,!l i''rJl 9l.rej."lglLL*tj,,,.-|lD,iYL.r,,.JJ3jL53,)-ar irr s_).!t rdl
sr kdiilr ii-l*Sll u!.tdl & iill ,r-l-,!l &Ul 3rj _1-E J!,fl;SJ)t ejCt d^,

.li-) g9-.1.^,, ll i,ih.-ll J--lnll

L-jilt ,Stiyb orjJuEsJyt gjit LlrJ .EtJitt

dlillrl.e-.r,illfib!1 , ihio-1".;r,r6l)f ejlll d"ei1!SJ$tiJl .rotypl g;jrrr<t,5,r,,r1-c.

:s-a Jclll oJA .!JJl
(Jt-De dt-lr a =l .-i)ill gi lcJill iilell .1.'to;i n ::c elir p 4jag ua!, -Jqi)n dsl _1

.2p s 2s Ur Ot+'y

t'A p,*yll li)l;ll )l3" dlXll O. ee+t) "r".J' .rA I Lr6lt 4l .,eJi G)i dE -2

.etxis *Jc

,/ crUrJESDl .uo ,=.-ii Oli Jtilt,rr ..5.1.l dlL dS,.+,+_r_.,Sll gr _Fi r-. r:;i usa ) _3

.eS),ii .uc , ;-.. \rn ,f.c-;sli)f dS

. 2n2 {3\lt, +."- i,*u, t eDli,JS ; oUrr<yl O" d-i!l $,ll JH,..: i,S^J _4

.fJrJt dJ\ill J--uc e.+l JEJ| ,r_',rJisl)t Gjr.,lt 4_4 d-95 e;y._r
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.€JJJI &5ll qre -*"t!,!,ril"ll sJs-i$yl ,.!,+rs- .,/ill :4-4 &+

'.-r'll e*l *.,:Fgr 6j:J,rjJJESlYl ej-1r.',Jl J.-j,ll e*l
Actinium
Aluminum
Americium
Antimony

Argon
Arsenic
Astatine
Barium
Berkelium

Beryllium
Bismuth
Bohrium
Boron

Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium

Cobalt
Copernicium
Copper
Curium
Darmstadtiu
m
Dubnium
Dysprosium
E instein iu m
Erbium
Eu ropiu m

tNelg{qp6
[Ar]4s23d104p3
txqp!'z4t14sqllgp:
l4el9s'
lRn17s25f

IHe]2s2
[XeFs24f145d106f
lRnl7S25f1a6d5tnoteI

l1el2s22p1

lRn17s26q1
NeE{qp'
IRn]7s25f7
IKr]5s24d105p3

[A44s23d104p5
IKr]ss24d10
lArl4s2
IBdZctll
Ml?p1
[Xe]6s24f15d1 .

[Xe]6s1
$elqc.''qpu
[Ar]4s13d5

tE4Zfaf'991I1"I
[Xe]6s24f10
IRn]7s25f11
Ixelqq'41
lXel6s24f7

IXe]6s24f4
lHel2s22p6
IRn]7s25f46d1
[Ar]4s23dB
IRn]7s25f146d107pltn
otel

lKrl5s14d4
lHel2s22p3
IRn17s25f14
IR n]7s25f146d107 p6ln
otel

Ixe]6s24f145d6
l1e)2s22p4
IKr]4d10
lNel3s23p3
[Xe]6s14f145de
IRn]zs2sf6
[xe]6s24f145d106p4
[Ar]4s1
[Xe]6s24f3

Mendelevium IRn]7s25f13
Mercury [Xe]6s241'+56r0
Molybdenum IKr]5s14d5
Moscovium IRn]7s25f116d1o7p3tn

ctel

Niobium
Nitrogen
Nobelium
Oganesson

Osmium
Orygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymiu
m
Promethium
Protactinium
Radium
Radon
Rhenium

6s24fs
7s'z5f,6d1._-
ts'

6s24fra5d106p6
6s24f1a5d5

lArl4s23d7
IR n]7s251t +66 r otnotel

[Ar]4s13d10
IRn]7s25f76d1
IRn]7s151r 

a66stnot"l

lx
Rn
Rn
Xe
Xe

e

Fermium IRn]7s25f12

Rhodium
Roentgenium
Rubidium
Ruthenium
Rutherford iu
m
Samarium

IKr]5s14d8
IRn]7s1 5;l+66 t otnot"l

IKr]5s1
IKr]5s14d7
IRn]7s25f146d2

IXe]6s24f6

?-vrtzlt lrt t\t rfulrrt r t{qSrt
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N(.M1AgIRlgeuA?G
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PERIODIC TABLE AND BONDING
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P"ERIODIC TABLE AND BONDING
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PERIODIC TABLE AND BONDING
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Mg ------l Mg* + e- ,aH = *737 kJ /mol
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PERIODIC TABLE AND BONDING

1 H L,3L2

He 2,372 5,25L

ti

Be

B 800.7 2,427 3,660 25,026

520.3 7,298 11,815

899.5 t,757 t4,U9 21,OO7

1,086 2,3st 4,62L 6,223

L,402 2,855 7,47s 9,445

o t,3t4 3,388 5,301 7,469

1,581 3,374 6,051 8,408

Ne 2,08L 3,952 6,122 9,170

Na 495.9 4,563 6,913 9,544

Mg 737.8 L,45t 7,733 10,s41

AI 577.5 t,8L7 2,745 LL,578

si 786.5 1,s77 3,232 4,356

2

3

4

5

c

N

F

6

7

8

9

10

LL

t2

13

t4

15

16

T7

18

t9

P

s

cl

Ar

t,oL2 1,903 2,9L2 4,957

999.6 2,25L 3,361 4,564

t,25t 2,297 3,822 5,158

t,52L 2,666 3,931 5,77L

418.9 3,051 4,4L2 5,a77K
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GENERAL CHEMISTRY: THE ESSENflAL PRINCIPLES

c lrF r .!+y',J 
=:tJ 

J, -rJ-i?'' I +r!!6]1 +irrai

63ill l'Jl

Atomic Number

sJ3Yl 4riJll Cr.JJl U+l

j.alt l 4327



20

2L

22

23

24

25

26

27

28

29

30

31

32

33

34

35

35

37

38

39

Ca

Sc

Ti

v

Cr

Mn

Fe

Co

Ni

Cu

Zn

Ga

Ge

As

Se

Br

Kr

Rb

Sr

Y

589.8 t,145 4,9L2 6,474

631 L,235 2,389 7,0a9

658 1,310 2,653 4,L75

650 t,414 2,828 4,507

652.9 L,592 2,987 4,740

7L7.4 1,509 3,249 4,940

7s9.4 1,551 2,9s8 5,290

754 L,645 3,232 4,950

736.7 t,753 3,394 5,300

745.5 1,958 3,s54 5,330

906.4 1,7t3 3,833 5,730

s78.8 L,979 2,963 5,200

762.2 t,537 3,302 4,4LL

947 t,798 2,736 4,437

947 2,045 2,974 4,t44

t,L40 z,LOO 3,500 4,560

1,351 2,368 3,565 5,O7O

403 2,632 3,900 5,080

549.5 1,054 4,210 5,500

5,960

r55

616 1,181 1,980

l

/
1 J..,Ul,t &r+l ;ii.o\r.!\ .\-r-qr.S)\
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40

4L

42

43

44

45

46

47

48

49

50

51

52

53

54

55

55

57

58

59

Zr

Nb

Mo

Tc

Ru

Rh

Pd

AC

cd

ln

Sn

sb

Te

660

664 \3a2 2,4L6 3,700

685 1,558 2,62L 4,480

702 L,472 2,850

7LL L,6L7 2,747

720 1,745 2,997

805 L,E75 3,L77

73L 2,074 3,351

867.7 1,63L 3,515

558.3 L,821, 2,705 5,200

708.6 1,,4t2 2,943 3,930

833.8 1,s95 2,440 4,260

859.3 L,790 2,69a 3,510

1,008 L,846 3,200

1,t70 2,047 3,100

375.7 2,420

502.9 955.3

538.1 L,O67 1,850 4,420

527.4 L,047 L,949 3,547

523.2 1,018 2,086

Xe

Cs

Ba

LA

Ce

Pr 3,76t

L-r..,lzit l3r l_At r Zrlrtt e t+$tt
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60

51

62

63

64

65

65

67

68

69

70

7t

72

73

74

75

76

77

7A

79

Nd 529.5 1,035 2,L30 3,899

Pm 535.9 !,o52 2,150 3,970

Sm 543.3 1,068 2,250 3,990

Eu 546.7 1,085 2,405 4,LlO

Gd 592.5 L,r67 t,99L 4,250

Tb

Dy

Ho

Er

Tm

Yb

Lu

Hf

TA

w

Re

Os

s64.7 l,lL2 2,1L4 3,839

s7L.9 L,r26 2,2OO 4,001

580.7 1,139 2,204 4,100

588.7 1,151 2,L94 4,Lts

596.7 L,163 2,544 4,ttg

603.4 L,r76 2,4L5 4,220

s23.6 1,340 2,022 4,350

580 r,44O 2,250 3,2L5

76t

770

880

a70 L,79L

840

lr

Pt

Au 890.1 1,980

1 a.,Ullirr+l ,ii.o\d\ '\;9;51\
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Hg \oot 1,810 3,3q)

589.4 L,g7t 2,a7A

7L5.6 1,450 3,082 4,083

703.3 \6to 2,466 4,370

977.9

80

81

82

83

u
85

86

87

88

89

90

91

92

93

94

95

95

97

98

99

TI

Pb

Bi

Po

At

Rn

Fr

Ra

Ac

Th

Pa

U

Np

Pu

Am

Cm

BK

cf

Es

872

890

t,037

384

509.4

499

587

568

584

597

58s

578

581

601

608
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,lrrt r li.l(rt
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PERIODIC TABLE AND BONDING
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PERIODIC TABLE AND BONDING
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Als Jl .-,lsll &l.i!ll d-i .js ,.1._rlt _.1j_.,1,"; ajo-pr .rl:-1i3 1;t:rJt ,5s coLl &tijlt t:a a-o-,,;-,

rlll gUSJ5 las,o ,.,jlir jJlt &1jdt i-clJ \r-l-!t &E!l a-c} tnr.lc lrJl .,,1j o:lf ut_rI)r
dJJl r<Jt J+4 i+-+ + rjs,ilt t+ JJ^e+ ,e.rls,j)t s)elill rro J+}'ill irr .d+jtjltr ilclir Jl

.cJ)elii- J1 g.,trilt J-r,r Jl .Ji*,lt #Jl Jpir; l-+ eU Jl cJ)eljj-ll 1!-l Jl

Types of Chemical Equilibrium ;r+.r5lr olfJl ttrii 3_6

gl_liYl . :tr. I ;F+ \,Jr++tt ell;jll # i.:st d.lt irjl+4slt 4ir'.-ltr c.,'l.ia!t ;p ,ijll ,,':.+
.!,jl+j-lr J*ar J,Jjrir.ll la ;*-t.,i ;rp-d Jl &1ilt ,tiji ;r+t_i^lt .Jt1t!t eyLJ r:,1;r*-r<rt

Homogeneous Chemical Eguilibrium c1.rrl-\ .r.rtr r<ll 6ljlt t_!|_g

o'i9 *! .+r.,-,, \Flll Ll,ill dL l*:lrjirll iltJl u*ij U .rl-r *1, t'-,:.: \rJl r . Ltyt !j.i g \- ji-liill :J3"i ...r.J'o gS i-c "+ i.:!c &:= L!,ryt .:r ,r3 ..rl_F)t Jt-,J_rcff .!ii &l; Jt .)=ii

{;JEll o).cLill lrjlil ll

2So2@)+oz(s)+2So3(s)
3Hz@) + Nz (.s) + 2NH3(s)

cH3cooH(l) + czHsoH(t) + cH3cooc2Hs(t) + HrO(t)

7 
"c-[g,Yl 

r3r[-rlt r LhlI e l1resll
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Heterogeneous Chemical Equilibrium u-l+i^ll JJo Cl++l! otlyl .2-3-6

;rjti 9.'uj^d-Lrll .rA,'ri&"!-Cl iltJt ;ligi- rlj.,.,Jc 193i.jJl {-}'iYl o.i'-'.'^r
drElJiltJ ijJtL ciel+ OrE utJilt ill. Jl d-.,-!l ds-. erot+i"lt ji drlji)l ill-s;r {ili-

1-rl" t:Jl c.,,)clxll kl cij,"-r f-,it+i.]|

CaCO3(s) = CaO(s) + COr(g)
C(s) + Hzo(l) = Hr(,q) + Co(s)

;l-.,!)l ,",il-i iJ:L- .rr,rsr ) .-pil+iJl r1o ilJi)l aU o.i a:i 1+l$l eilJiiJl J)i,.J".t-); ir*"J
;UUl lui .'ir- rr-jJl ,.s-r1,.,ii-, llE lajbsl-i j) 4lill JBldl .,i a.,L-lt :l3Jl .p xs js-i .5]9

illJl ,iu;rS-.:-i a,1-11 t:Ul ;iSiv**1 1111qgs el.l: Guldberg 6:*.tJ+r.;!--,,-r-!l
i-,lJl rrul ..rF rilj;H< gi a.lut .j.i ell.ll l.$:ix dJjls L*- iirE;3s ajli:Jt rrrK ;l.i arsrJl

. ;l;3)l 6.-j* .,Jc -ie Y .1-i. J'ln J! 1,iJl aXUl ri

The Law of Mass Action i.t:sJt .hl oJjti .4-6

;

-fls ..r!+:l-rJl ;UtJl , i txl

Cato 6:.J-F .JU".,a,SU
j+ : Maximilian Guldberg

i-!)rll o:a Peter Waage 6l-r

J# t+-i C+- l-#ll ' , " 'il *jllj
Jssllr ;1+.Sll &li!l AeJ*

,iloli:Jl :tjJl -1$l-.! Ji aiJl
,",rli i,tr! ;LJUI .1-l ''r-
rlsi-'Ur i+Fil! ,ijl,ill
S, .ed.o j^ i Ljii '" ilYil,-
tJ^' -* jb$t ;-2t-eJt ;i
..r)olii tc+.r>+ 1$..,1s i$;.14:
.;A .*lr 5j o.i ;!-Sc
;,1a3L,n^ ileli3ll J!- U)i
JSr,i ..;Jjtiill l:al t+:o &u- clEaJ

; i#tlt .triii"i.,.-ll 1-6.r,"

Peter Waage
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,rY l-jy lJol,ij.Jl :ljJl drlj*Sj t;- rJ.-L 6" !.,'1!I+,t:g gr_$t joli:Jr L'1.r,,,,"l:ij
g:l.J g:_.,$Jt &Lidl a.gJ*, jF \rJtjll,J.r [A]r.[B]b ,JliJl dJyll ::c r,elu
i-clJ" Lill! rljJl crl_);S; gr;* g).-l-r 6" q.,,,tjii..,rrsrlt &liill i,,J. L+ ,K/[A]r. [B]b

Ko[C]'.lDld ,p:6 s..S,ll &1$l {--*-9 [C]",[D]d ilililt cl)3Jt se *'9t+.r!

*...JS,ll &ldl i->J qj* gr'pJl jctnll Lr.t:S rJlJ3yl $c

KrlAlo, lBlb = Ko[Cl" [D]d

a+JYJ.ll jsl_.,lll iJrtJt j>L.r\l \.+ JlJiyt ,",JtJj e+,-l e+i.r+ rnlJt llltJl (_!iJi r:L;l-r
qJtill tJ:Ul .,.lc ..t.--: -1;,Yt 

. '. ,l"ll # etCt-9 cr)otill

Kf

Kb

[cl"lqd
lAl.lB)b

Kr= [c]'lDld
LA]].[B]b

,.rL i-"le (uUYl se Alcui.ltj i"riliJl :tjJl eljf_i .rS &J.t i-1, W K" {+ +U"- 
"6+.4ll-lSl .5lc3 J.lill ot.r1 *lr .til JS l-jl1 &lilll i--r- i.,r 6JSs.J.,l y c+Elt tra a-.,I

I9e

r,...trllr lsl-dl,ii.o\rJ\ rlr.or5ll
GENERAL CHEMISTRY: THE ESSENTIAL PR,NCIPLES

irJ.i., .-i,;q +r+ c+li Ky / K6 '+*'1J.-l.r 
a,;c g,a5r:.lt ,:S^p qti Kf , K6 ,.1. 15 Oi L+,r

iF 1K + Urrc jJ+;ltlilt t:a .ri _rljoyl \,.i ri,!t e. Ke )^-l\d .).j \,Ju"6lt iJt_iyl
Elementory i4q ;JJL,a *! &ti:.lt ;r5. l-rc iJsl3',3!i os o.,SJr_9 gr,;LJr .rJeticJr

4t* JIJ oj]l cJ).eliiil ilt-;1,'r:-r _.,rljst 
,",JlJill o:r ilJ A-i)Jt C+.-r C+F Reoction

:,r" UkJl iJ:teJl g+.-i_r Mutti-Steps Mechonism a|&l ;r.ri.
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CHEMICAL EQUILIBRIUM

4rltill lblJt , 
: 
,..,- B irlJt e. A 

.!rul cJctij : f _O Jrj"

IEIS urJiyt aro aibi.ll .rljJt ;gl_! oirs tits

[c] = 0.03x10-2 M [B] = 3.3x10-2 M, [A] = 2>119-: p1

f&liijt t{l JtJjyt .",jE ;."Ji,,,."-t

A+B+C

:J.ll
tcl

= 4.5 M-7

Ke

(2 x to-s M x 3.3 x to-z M)

TAI,IBI

(0.03 x 70-2 M)

__.1-r.,t-It gr t-rlt , a.hrt e li.JSr l
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T

I a-os-r. els3 d.n+l-.r+ell .r J-r 8.1 e rJl ..r' Jv2.94 j'Ji'"n $e :2-6 JB'

+rrt J. J-r 5.6 "JlJiYl 
.\.,p C+ ,!Ji" {+-.r: 444 i-)l.)s {+-Fr '''lti !i; r:c-.;l

.&UiJl lr€l;l;rlYl ca\3 .;^,-l 
'r.r+j-l ':e 

ll

:JEll &liill ','"- :Cl: C15-r-eell iF 1S &uEJ:J'll

Hz@) + Iz(g) = zHt(s)

edlclr 8)9tnll ntisJ:l 
"ltill 

cj-:r+lt llF.rsar

Hz lz HI

lsrJl jHsJill 8.1 2.94 0

jljll qf J#:ll -x -x +2X

2X=5.6OljYl se JSJill 8.1-X 2.94-X

*l' drCr c,lJ,si \rs trt+jjl ,i er>.tii.Jt c]lj$-, ,J eL',!Jt i.$y dLi c+'
-'a"t, 

crt+:-,rxll :;.rj-.J'l}'-lt Ldill tl'r1 "1 if+ X 1+'''' Jr'''inll
ji $i Jrr+l!

2X = 5.6

X - t+=2.8 M

;Xl li.rJ" rJlJi)l Jc ':3.r!13 t '-,. 
jJ+€ll cJliJSJi .JL"r 'iS4 4'le3

[Hz] = 9.1 -2.8=S'3 M

llz)=2.94-2.8=O'14 M

;Yls L€rL,- al .llji)l r+E i# rl r+i iJsgl J*s;;t-l 'jt+}jj+.l

[HI]2

lHrl1zl
Kc

5.6
- 

I .J.)
s.3X0.14
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CHEMICAL EQUILIBRIUM

Correlation between Equilibrium ;jJiui.ll 4rrjl+.511 fu.rtr-JLr 6tiYl ,riti ii)o 5-6

Constant and Balanced equation

t_e'-ll ijrjll i,r" !.,S.ll lJrlJ! ..;t+gJt L,U)t c+tj l+t ..;S+ ligJl A-,,, t+.Sll d.I,,.t,,-ll r:,'L

'uull oYLrll ,luili iS+ J'tiill &
1

Jfr-..ir tf:u+ +'+lt gl;il| c,13 dlp L &til 'lrll "so 
ljl -i

.dhut clll g;ll,+.ri J! e: +'rtt gl-1:)l c.,,,.U Ol3 t- &L-,J &$ll r--r .; lll -.+
&L'.s_rL+ *lsll &Uil rruil c+13 O!.i cr)el,ii t-e_j4- g. OrS".,JSll r-lcl,il! gK l3l -6

.41 furs^ll cr)elnll LjSJ olJiYl c+l-i +_r.-

;t,;iYt ia$ e+.-, 3 ,2 t- &t 4 Ajrjll 4J!^SI| 1J.:t^Jl os dr\l,-ll Lo.,! ::o -.r

.Jr!l &tj:ll gl'!l c,l-il.... ...,r+i'S:ll J\ll ,,r-Ji-lill J\ill iul*.r.,.ttl LlDlii!

:JEll &lnll eii

Co(s)+zHz@)+CH3oH(s)
Ke = 9.23x 10-3

:,r_I lx JtUl &liilt _*str Jtc

CH3oH(s) + co(s) + 2H2(g)

:*_L., us +.Jt .lcuilJ ;t_,iYt .",tlj .+."-j

,. Lcol.lH;z
LCH3OH)

1

@.
Lcol.IH2l2

= tlK"=U (9.23x10-3) = 0.108x 103

'l,''ill &tiill 6+.a dL,,-lt .!+-,JlD 2 ,JsJ. r,i fi. &Lc \,i JrYl &li$l .JF r.ttrr

zco(s) + aH2@) + 2CH3oH(s)

:,J'1, l-S Jeti5ll l:r ;l-.,151 d.,,.8',"^;

r'=m=(m)2 =K"2 = (e.23x10-3)2= 85.19x10-6

;,;l_!)l ,',,,1-i.:,Lus se sJr L ils).,,,>f

ulJiYl rb :ljJl crl',;$; # el\rl .1 -1,

I95 l1-eLrll lrt rtl r arhll e tnqSrl
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4+JJ J*'l Yl Al^F -'rrlJ )J LiJ,-'oJlJs i,+Jr ::r i:.U irtrU g:L^J gl-F)l 
:O,T 

-,
.!Jr_Fr

,la dli o!.i .iJ+S Ol1i)l c+E l4F dils liti,gJel,iill u- .9:. .Je Lls ;tJi)l c+E LS -3
dJ.ils lil l-i rtrlc gl;)l r.ip a-si$l .rljJl crl;S; ;i gi ,r_, .ls : t-)r Jl _,u.+ &tiill ;i

.i;iii" - ;l_.,!)t sc - t-:. lilt :l3Jt cit_.19_2: Ji u+ clL Jli .6J+,-

Equilibria lncluding Q35g5 eljti; ,:r^;E;Il cruli':Yl 1-5-6

I3i.-lt uJsi,eilCl Ji cJ.cl,iiJl r-iS ol-.11;. ,jJ,..:]t slll cD.cliill irL'^lt ,-rJlilll rDi .}"
,',rt3 ,*l {,rljs ;S+ .clhl .lJYdt l-€il ',SJi 

C^ 1r..,1x" &liill J^ a-julJ i.Jt,lii, lt rt-J ! a.!;Jr
6ti6.;;+..,s)t jli&Ui$,!.jEsrrilt .1.!+q:_nlt-L-a.:lt ..1r -r,,g$)eli3lt oJd;lJj)l

;iJ:lJl ;. +JSlt +,,Si iJE GLij) .-:..,pSJt ,t.,,<i

2SO2@)+Oz@)*2S03(s)

.d+ltilt 
JJAI| sLt +Jslt ++^,,Si ;tir JJ+.,Srl ar# &lnll ut;)t Lre Hdt ,js.J

:!J'tilr ,t r.,J)!t j,Strilt il)c _1

-i_.rJr _x-r-r Kc j.-l! 4l j.J* K, orjyr ,-,rri ou qJyr^I+ tujtJ!.ll rlll jslj .!J s,
:rc,rJc ilt"icl drl\ rrJJ .9Jiiiit,,-ir.rt ,,-r+ Lf-si ;l;r:Yl ,-,,,13 ,, ,.r(.r, . jr(Jnl Jl C sjJl
crljliJl 

"9.r)-eJl 
j$_iJl {J)r.,;t-.,li)l clti.rL,^,,- f-ir llUt .ra stJ ilrliiJtl i-j. ljlt .rl3Jt oyji.

:+6

Kc
[sos]2

[s0212.1o2)

eJBr +J6lr +|.si (,Jur,.d+.,s!l drlju fJ)dt 5r:lr [so3l :fso): [or] dt"r c+F
qr!!-ill .J]9 clJ$ll +,6i

;!:;a.Jt .L u;Jl aiYl -2

;.| t.S {s";r;,lt .L3l-ll lJY.s 6,,1-Jl &liill uo ,r+r Kp }j! lJl-lt ,rA ; c+EIl _}.-l

62, SOz

r95

Kp=
P?o".Po,

-

1 J.,,t/4!t &r+t :iio\.rJ\,\r.s.rSll
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CHEMICAL EQUILIBRIUM

,'J.-<i fJEr,.:-.,;6,'It u.Ki ;r-:3 Cp."s!r d,ljtJ;_Flt !i..alt pso. t ps6.s po, die d.,F

. \$-ill *L d+Jsil

K. Kp si_ iFll li;ll3 6-)!e.Jl .#.rJt alj+ OliYl ;l^: O# i.iut 2-'6

:oJEIl ;t;Yt t+.:l ..11,S l:l

aA +bB icC *dD

JA ,J-rY_rll J5rr.lt al)+ gli)l ,',rti gli

Kc
Lcl'.lDld
lA)".[B)b

_.rS_.r.lt .r+ 1!).c g;) sljlJl LUI 4J:t Jl os .t+f:lt+r 
"Ll. L:^ iSA,rll..: _.jJl Oi .FJi+

L:. . llJ dJ)J-ll

PV - nRT

nP--iRr
n

P(RD_1
V

.,Jc ct--: inLJl lL:Ul \j.i d,)elii.llr dtCt ..1. lSJ LrJYJr.lt j$_Flt i"1S J. d-.r-ll+
arMt ii\lt

Kp: Kc.(RT)^"

d.E\ll .-iir6r .ilo'n ll ciljlil! 6yJ- $oJ i.+ul drljtJl cr)J,. J& dl} 6Jll An cj3+ ,"U-

:An 4+$ .rJc K.. 11, ;gi

K6 cr ;#i J-# Kp Ol.l !+-r A.ri ctli tr2 crlS lll

197 l-a4l3Yt Srut ' 
fulrrl e ti.lsrl
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t<. ,.l^.lii ;F Kp .-Jl.i lll., i.+ c,t: An c.,jls lil

;Li ri,- =[2 crrlS lll

3OOoC $o Jlll &uiXr+.il!Kcq$..' .-l :3-6 Jti"

Nz(,s)+3Hz@)+2NH3(s)

R = 0.0821 L. atm /mol. K ;! 't-L, Kp = 1.5 x 10-s cJjL( lil

Kc= Kp

;qlElt fuj-1lt 4lrt ^ll 
lijL i,.r+JJi.!ltJ .rl+_r_,,+elt dr }S &Li! :lJ.Jt

Nz(.s)+3Hz@)=2NH3(s)

;pp i-!),Jl atrrr.J isnt fuli Uln i-,r,r- d CrlClJ cr)eufi.Jl g. 15 ;i ,',,- j
;t1_Jt ; c.,)clill jJ+ll L:.' llr +tY_rlt 5;.lt 1J)+ .,1r_ri)l \jiJi.J-.,,r

Kp = K".(RT)A"

;i.6XJt ; i-ilLll rtt_nlt 1+-.,1o Jt i_2l_.,plt i.,p.J*-:,.f+,r

I=300"C+273

=573K
;i rrr cr)9Jl s.:t j -lJ':Jt .-rL,r.:icj

Ln=2-4= -2mol
i!\ll ; -;.,,,-r:ll+ 

a,.,.t-"- sfu g_2)lt 5;Jt AN+ ;l_.,;iYl cal3 gi 'ii iirr-
:*J)KAnUl

K"=Kp/(RT)^n - 
1'5x10-s 

- =3.32x70-2- (o'0821x573)-'- "'"

r98

a-i-t-ill &r!ll :iio\-,J\'\r-or5J\
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CHEMICAL EQUILIBRIUM

!.;113.g-))_ylt 
-.r$_.r.,'lt .1. 1S aN+ USt cJ)cli:ll OlJi)l c.!lt il" _u, 4-G: cjti^

j!r
2SO2@) + Oz @) + 2SO3 (s)

2NH3(g) + H2SO4(I) = (NHa)2Son(s)

:JEltS Jt)t qJeti:lJ ;t-,,;iYt ,-'Ji;p 
-u+'jlt ..rS+ :J.lt

Kc
lsorl2

Fafilo,l
.. (Pso)z
K^:-"Y (Pto)z .(Po.)

:*-! US;Ut ,-lctiiU;l;i)t ,"'rU,-1c *Jl ars+ l-+

1
Kc=

INHi2

7
KP- e*7

rt3Jl j,6t_2: LES a^r ,gl_)iYl c+E L.ES Jlc Jl+''yt or r-yt . ,,., .: u-L
.ulJill ,',rljiJrt -o.ii-[Ut cllsJriiilt iJ,-lt

r99 ?-u,,uYt {3r l-rll rfuhll e lqs,t
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Significance and Uses of Equilibrium OliiYl c+U i"+ 6l-.ls1*lJ JJ'!.u 3-5-6

constant

lrA , ii elJ.ii^rl ,;,s"j e+ ,iihs-ll c!+Sll eli o.i xJ#S ia.ri aJ ;tj)t c.;u ;\ Jjlt ;S"1
lAJl--iil iJs+ Jlr JtrEill \l,g6 JCI d.,,l .lill 

'aa1 
joltj jotiilt -,p .-& J)J:-)l j c.,.,.Utt

'4+lEll J"tiJl 
',.i

.etj Jl dJSi ilcln"lt rrlt rli'- ji & di;J$.lt jlJi)l ,",r8 Lg -1
;i_, n:tr:tt ir JSi ir$ i'_ri1^ i.lelis^ll -rt!t ;l .Io d-$ iJHiJl jljYl ,"'Ji +.$ -Z

.(dJcl&ll .l+sD _rt+it Jl &U:ll .Ljl
}+ a,jir e-lsl Jts jcLint ()i J! JIfu lri L"l.cj )L dJL,n rrlji)l d,.,l.E 4-S dnls lil -3

.di)rliill 1$ ,,a3.:i.i-J.ii \lJ crill j
i.i,,rs^!3 .;l-.,;ilt iJ^Jl .lr-_il &lSll rSl"t-t'i,ll .l+iyl+ 'qi:ll ul.,,;i)l crlB tl ,{1.,.1 ,.ls.i -4

1&tiilt rt-r) ;ti)t j.-Lr {+ 
=. -r r) .i ;-.,11; tJ-r d &tilt ;lS lil L

:d!lS liLi K. i".;i1 t+,.rU[l Q j.-,1! 4l y-)g.r:lll (Reaction Quotient)
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Jtit O;.tt &uilt #:S-S.Jti"

2SOz(s) + 0z(g) * 2SO3(s) Kp = 0.14

:-! t"S l+'Nl LJr '' U 1ari c.,,t5 l'!l

P s, = Ps6" = 0.L Ps6, = 0.05

f&lnil LUI ilUl .+ dHr")l ,-f.J.tS

F Q ,.1'tstt Aft a^^,,,! 6-rli ,-r. 1-,.,. * &lnll LUI illJl ,,1o rJls,X ;r'.1-tt

Kp t"Jii l{iiJli.
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' o2' t So2
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Factors Affecting Chemical Equilibrium :q/l+.rsll OlJiYl s'!e JiJS Jll &l3'll 5.6

r4lcGiJl rlll t'+t cjf" J++St &Ull _rr- 1.J.,,- *l' Ji_F ,-.1i a,S+,jll ,.J.l1,ll ..J- $31 .+e
Ja &liill Jr.^ *L iJ:Cl J^ldl d[ 
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Effect of Concentration #J,ll .11.,,lj 1-G6

:JElt .5;1t &ti:ilt .r_!l gt-)i)t catl *f. g.,ltllr ri c)',riiJt jsj l:.6U.€n
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6r ill) t'r r-tll ,t+s)l JJ jt )iYl C 

t)jJ L"+JS rt Glt ,lt .-i jS -i ,,-!i Ji L^a)S jl i).er r'r Jl .rsi
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Le Chatelier's Principle a-&:r r.J iqe
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CHEMICAL EQUILIBRIUM

&lnll Jl i.ro.. -r-.,+ell jli dF 1*.s tiL-bl r.ic Jjjl &Eill gl-i)l o$j! .r.s :6-6 dj.
J-!."ll

co(s) + 3Hz@)+ CHa@) + H2 O(s)

Jill Jtrliill 'J:7-6 dE'

cH3cooH(l) + czHsoH(l) + cH3cooczHs(l) + H2o(l)

.ctJl ..p 'rl' r+- f l5l oljiYl ct+il :rs

Effect of Pressulg Jai;ll $.8 2-G6

Nz@)+3Hz@)+ZNfu(g)

ri a-,il-j^:-.:-r- d elr-, slil-a .5l9 +Ji=j \r$l ajji*ll c.,)'clisll .Je l"iJl ;i: 'Ut-p ,i
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:;r+-r-.:'re ll-r .l+-r +Jl sut; 'Icliil ef-1i)l *'lc Li,.;ll ,-''t ji 'i:g'.1 ;i:i 
=--l*

i;.r!-;Jr -ii ,,rix *ill t(:ll Jl ;l-.,!) t .L'51 61+>l Jl clli .5:3e .r Llll .5lc LiJl rirj sc
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.4j- {-iLJl '+'<ll 'Jll€'i 'r .ri.r.9.: J'll Ji ,F^1") I 'l+i)l os
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Ailil 
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i:jtXl drt+j+ll :.:c 'o:l;j J! .r+ Llj)l oia g) ,_.,11-;lt ,N urJi)r e^-J- ejJ-
.li;lltul,rj Jt;utg,
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gl utJit ill-r j Jl & a;r . ir _ri L:. . tt ;jJj ;t l-s .r. 

. gi JsJ.'ll _uJ'r ijl-a sr dtJl J$ lx
i;-ji]l rtjJr 6)-t4^ e" ir.Ijlt .*jlJl .rljJt o)-L- cirL.n tjl ;tyill 6,--r.,Jlg _ii ol O-lsJ

;oJElt ,.1.,1611 oj t.S ilc.6.ll

Nz@) + oz @) + zNo(s)

&uilr rra \Jii S_r (iJ:. 2) o)-tJt (-, ij t"6l t-}.Ur &rinr d eut_r o)c,lii.lt g. 1Ss

.ulJiyl oliX .+ J*l- Jl djj ) r,Uijll ,rJc L: . . tt o,-t Jt 6r!j

.iJ.Illl iijt"lt (J)Dtiilt ..r cIJ,,t}:lt ,r.lc L: . tt ;r!_2 _Jii :.:s :g_6 cjti"

zH.rS (g) ; 2H2@) + Sz@)

3Hz@) + Nz(,s) = 2NH3(s)

ir!-,1; r+,,rllJ 6)Le1;'iJt 6)j,".r_r. < elCl cr)j..r.rc d3)l Jr[ill .+ :cj-ll
.LJi)t 6yJ,"lt r.r j,r,, gi -tl-,+lt -p ut.,iyt C;r -i ,.:, u: . rt

;rlij r.rl .r+. ell!: !i)tr,1;i-ll ny.r ::, > el3.,ll o)j. :rc ;Ell &Ult j L+
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Effect of Temperature iJlJall L. Jr Jb,:ii 3-6-6

cF XS dd $c iJlll L'p3 gl-.13)t ,",rl-i.s f-il,J| Vont Holf nto Oti {J:t-- ,*J.,,:

:"-L, l.S e+-llJ .trGll

- aH" AS.
LnK = + 

-RTR
d+F

gloli:.ll i_21; d -r*:lt .. AHo

c.rlLilJ pUl c^rti,ll : R

lilLll r-1t-!l l:;.r '. T

.r..JJ$yl C J*ull :/ .So

ill 4Ji$ll l-i r;l-.1i)l c.,.,.8 4+ ct -r++ c.ri: q ) t_21;,.J1 {s. ; _xij gi .;s lirLJt {Jsl--Jl3

,5ill3 6JlJs! .r_.!Ja 3t g,aL jl & ,,.rl+4$ll &b!t t-1l, +.1 J, yJi rii,ti OlJiyl l-6+ J:d+
.AH &lilt i_.1t_.,p ta r\

Endothermic Reactions ;JlJall 1,aL^ll dl)elijll 1_3_G-6

,jylt O3S1 t^:b Endothermic Reqctions ;JlJo! i,zll;VL +;..,t+rSlt o>-tilt , :. ,r
&tij]r ,.+ JarJl dlxll u:tJr i-lr-tlt 1r"+^ JA H Jlnylr .At+: AH. +rl+,lt ,iJ"rnyt '*.i

gi. 'U.,,t-: u..' lt JA t-$' ,l 1-rl! gtt_nll 6j.-Jl oa dlliJ. i+Jt i r :. . lt e;*- g)-,-1^3

gJS.'1,; -3l j. tJl> $-i .J ! !*.Jl L ,:ll er. ij1l" ,J!.L* &lil 3a i;l rsll g-tJl gJctill gi
:lll ,,.rlnlj H1 &tjjlt i5.l tlitJt :tj.Jt *rJ. 

rSil Jl U,x: lrLi .iJt -ll J,itlt &l-Ull ,JrS,_
1( lr .rill f.lUll 4FS J_,sj dui ,_J, ,t+: /H :a t** Gylt OA Hz &till iJ. tJllt

:,5.r ill rJl U,.Ul &t!5ll

AH = Hz- Hr

u-liJl C)L-)l lrAJ .aJ-.. J,^ iJl,il Jir ,ilt u, :Si m rJf.^il ui (Jle il.rlrJl d$ ,":-
&ljill lra JL :t:."1 d^ U + )-j ,$l -L-jJl d.tJlJ- !di+ &Usll ;,i or.i,_ ill,i)t-J

.gJc.l.ill A,-,r 
"S 

*,q+$ pl_L,Jt 6;L u. r;lJsi

al'-i tJlJsll i+J: tiq_.1 Ui 'r t itt>ll i--Ul o).cli:ll ,Je 6JlJ,.Jl Ly ,.,;,fu Ll_p .::r,
t_21_.,!l {--; , r"n ,J,S,llr .11-.,!)t ,",J-: Lg rtUit (g.it!t)g:_Alt "r+yr Jl 61-l',1 Or;yr

.olJi)l d+E 4-$,.jil! (cJ.eLilJ) ,,*,sJt .lil)t J! 6t;i otJi)t J'.-j
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Exothermic Reactions 6-Jl..pJJ ;ql.LJl cl)eltill 2-3-6-6

,J:+ ,+ , Exothermic Reoctions iJl.eJl fuJLL kiL ir6. l.Fsll s>.olill ' : ',-rr

/H. L-.r$ll lJ.fjj)l ,J Jylt OA L^rlc tJl !r,ll tJ,iU (r)-otn l.(JL ki. -p; .rl-:J-L.--".11

irlJrll J.i$l &Enr Oi ,Ji .1" &u6t uFEll ;l+^Sll pl}:.I! 6ji i-1l;nJl J.il * c+- .U. 1.,,,

Jr+ ,j)rll j-lSr-r . i:l-r- J$ .rs a+ l+Jl I .,,!l Jl oSU g" !.S :;'11 &l'ij :a

,5L oQ: AH 9 Hz &tjcll .)^ i;:tJl :l3Jl (eJ. lsl: Hr &ljill .=+ aLtr.lt rtjJt *1.1. ti]l

rJL,i! riliJt rl^ ,ji AH - Hz - H, Ll- Jt t^"rt1 Jl iilLi.ll 1311.L11 ivs drrs dXi
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. J lJ v

Ll,+i rJlll .raii: gljYl c-.11 d.$ ,Ji"i!5 Jll+r (cr>cuJ) )1-,llll F 6l=,4 ;l=!Yl
.OlJill d+tj i^,,5:l:ji! (AllrilD t'rJtll ,t+.)l Jl Cl4 ulJi)l
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t':l;-.,l !U.lt13 ,lcLilJl :l ""ll p.:L-iJl i.6U"'..U Jl: cll-rLJl r:o -orUi Jl g:-1r;'.rtrJt

,lc-lrjll i.c '-

'ar$ll (!ul,.jiYl .,Jo t.)t=!l {-;: i.qj }" 1ji t- :9-6 cjti"

2SO2@)+ Oz@) + 46KCal + 2SO3fu)
3Hr(d + N, (,s) = 2NH3(s) aP'o - -92k1/mol

JSi Jl:i)l .lrll r::'i itl:rsll \-r: i:l;j Jljll.'.3 't-21 
Jl irl" tj-lYl &Liill ji'll

iBr aH+-SYl d)" )S -!S-i cJ+-: d+-}sll t '<i eJE.;1S :l:-.;9i g:-.;ul Jrr)l
.;r-.)j)r :aE t+ JX.l rlrJirr .-!),sll ! "<i
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:!tjt ,)Jitt &tfill dlJ ;JIS l:l ;16-5, jli"

co (s) + H2o (s) + coz b) + nz b)
AH" = -771..54 kJ /mol
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o/.rlJl J..ailt ,je atL,! 7-6
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:et ,.lc ulUlt &Uill . r: r .1
3H +N = zNH
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s-,lSrjl
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dllt derljtt .C
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d.ill Jetljll .A
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i2C
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_ [c]2 tplK Bc 2 3A R
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_ [c], tplK Dc
A
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cDbt r.r -ll
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Jl OIjUJ

:si!l &lilll d .5

.n+!ill

Poz
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_ Poz.Phs
K Dp z

o

P oz.PhgKp c
PH o

:sJEll &Ui! OljYl i1o ;+rr ,53,1t es,..tt Jifitl r- .5
z0o(s)+ 4H2(s) + 2CH3OH(s)

K^ _ lcol2 lH:,4
' lcH3oHlz

B AKr= lcH30H)2
lcolz lli4
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K cc
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c* dltll &llill Ol.rlJl c,r..tj i+ Oti

2SOg (g) = 2sO2@) + Oz@)

0.003 .D 0.023 .c 45.5 .B 6.67 .A

Nz(g) + ozG) + zNO(g) .10

,)l ,st-crpy! e+jrJl i'i,rll Jctiill Jl g*+''sYl A'iL'hl

"r!- 
i: aJ ,)"it .o .Ju.. y' sA .C

cje$il| .,1g.

ol-iirl o$l .B

0E rll sl!
Olj:ll llajl .A

Jt-,Jll .,ll

,Jl OljlYl !t+l sJ! dJJ), siSl Oljill LJe ln^ejl ;rli)
Hz@)+ cl2@)+ zHct(g)

.Ll

o, a y.D
!l-,,;itl or?11

oelrYl ot4i/l .( o,..SJl ot#tl .B ,9r..p1 ol4iYl ,tr

Dt+flt s! &tiill -r;. Jl .sr.F sJil Ol;[Jl s.le iJlJrll ir...1r irt',j .L2

co(g) + 3Hz @) + CH4 @) + HrO (s)
= -2O6.lkilmol

AH

or lil .,gi; Y . D

OlJill
s."&ll .c J.!e Jl ,B

&Yt ,rY-rtt
ar-.rLll .A

alo

1 {...t4}l &r+1 :ii-o\-eJ\ .\r.an.5J\

GENERAL CHEMISTRY: THE ESSENTIAL PR/,NCIPLES
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jrt ;r.'-iY r.EiiLll Lr44lJ
IONIC EQUILIBRIUM

L":.o d.,1+r<.rlr- 41 gtlj)t 4ji _L 4+F,:s+-r !9,!.5jr otJjyt tlii :-i ;jryt orJiyl J*j+gl.;i)l l:a .rL ; U:c {-E i dLa: .crt+j+ iJ ..- .,.i ;)f ri".JfJd.,U_rlf i+n & k-.*1 ;;;+:c 4:1":Yl ,i.i+,Jl .rolCl ,Li5.:Jt ,.pLs)f & iir*^.:Jf c.,fit ;StVf aK" l.j-;
!,:Jl , :iF .!1+ Jx yji t * u: t'j.*j C3ljtJjyl ora l_,|,p J,!. -r eLJl ,_rl<ir elI:SJ 6u-f_l_,,Jj

.:o l_eiJt3 ull-,il d-,j6 dlulJiyl ora gi r + t:cGll,

lntroduction LrU.f-z

Acid- Base Theories 6Jeli]l -Li!.51t au;);; .2-7

cltJ JIll 161.r tuol! rt Li...r Jt Aj+"$ll rtdt , itt. rt ,-- .r 
!5jlt (lL.J},jlt g^ ,+Jt elti,e

.,3ra)t J! e"yr .r k+S_i i dltr tul_t:lt

Arrhenius Theory p 1gg7 u..s!r_,ri \9 .t-Z-l

Svante August Arthenius (),Jy;!aJi ti,,,r. Ji atti-, ,9:,41 lfJl 6;j
$c sll '!rul 4jl Glc ,_.:Jl -i_.r. ,..j- :c l3il!3 LlbL.s)l . -.JJ"l 4+J!Ji rJA
fuF eLJl c,l+>.- C.;_rit+- .-* ,.ill, L.,Jr. JJ+dl d.lUlt .,l.,j eLJl d k+lrl
c.,ljll GJ.J ctJt ; ,is ,jJl ;.rLJt \ra iElill : H3O* ;,p3_4sJt c.,l-:r1t

1i:LJUI Lt-rYl os(jsilt cI-f,J )3 r1,,- ", it -lt tra irt yl OH Ju_SrJ+dt

HA + H2O -r HsO+ + A-
H2o+H+=H3O+
BOH --; B+ + OH-

Bronsted-Lowry Theory p !923 cLj -:i;32 \rp .2_2_7

Bronsted Lowry

Brgnsted-Lowry acifibase EtjLula i7;A;
fl3 ..:c l3i.ll C. (-,fuJl gl).ct;ri u-isj ar.jij ,Fi the,ry
.r.,:r_rp g 3Y:S"n d,jlnJ"! .:SJL"iJt irJtJl O- 1< k-J6l
cB.Q-: .1923 pto ;:r ..rlo cr-r:l c.F_tL" 

".ir: 
p;+yf,

'o.rc.L6 g. _;'* -)eli: :ic +3i 9 !/ilt .+l .r*l-,yl e.+iJl
i .'^.- 'o&.Gll .JF L.+ i+j ri iiit)^i -oscL! ; jSj ;:,Jt ..)ti
A+-. _dt C'^". -:_,,+ell crL:.;ai) OrirJ+ll dJ.,1 Di O^ i+JE riiiit1.
as.Jr .u,4+ Ji U.LJ t-*.-l i+JJiJt ,ra ..1n"1 ctt.:.,, .1g* ,i

:s'! Ls i+ ,!ll elt Jl lrLii,l i:ouillj,i.Jl d1.. 1s.+J,j

k,- &U!1 ric q9-p,1 i:lJ (H* d+JJ+d! ;-91 ) ct-i_9=1a 6:- *t;yt! irL" : r.i .,iJ;.', !_.:!-a

. t€=,- &Lilll :j. .s>-l 6rL" O- OiJrl dt_,it "t ,=t r,pLi.o:L ; r!*i3;o 6.rL3

'_a.,lt3t d.:tr.r<lt il:l.,*ll Dr,i st. rir.rj3-.,p .o:olij ,r..!, ..F,.= LLi"j ,:S^r.J

a-..,,,|,-Yl &tl-At r fulrtt e liqStt
GENERAL CHEMISIRY: THE ESSENTTAL pRtNCtpLEs
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II
I I

I T

HA +B
r.rG

-, HB+ +
.JJJ9 !-,--

A_
a4.! ircli

g,-Jr ;33 JlJj'Jl ,,,,,,1<1 L"::o i:olill3 i'!;ill i.rclill ;-9-S.r:i-r!l ei+ l*$e '-i"Jti dl$
;ar;ifti ,tJl ..j)l+j'L-a-l-.-,++.)++-,-,+ell +,!sl;Ul JJ-Jl JUJI ,I+-*t'l;-,'tt

aJ. r:lr al:r--ll'ti$ e-rp-r-.:+dl ,:ur:ti 'ljrs- J;Jl 4-j- !r.Jl

HCI+H2O+H3O++Cl-

.,tt +'9U ) 'or:c dl1-$-.2. a;sl-il 1-l+: oL-': Oi .x +:J - ri "irrl L,;Jio '"'i< "i .llil

.,*b"SrJ+dl r:tcj*;.o

Lewis Theory,vrJ\Y .3-2-7

.J," &jL';lc.ti Jl qi-"s 1-6-il .rJo 
te llr' t .Js+t 

"lll 
i:LrS;Jl !!a,; dlia

eLt 1923 eto ./ r J+-srJr,1gll sb:.+^ ,i oujr;t .,Jc la:l ;i=l 6:o
;,A Gilbett Nevvton Lewis t*-y' cid d-4i AJ,^)l elJl

. e t_/fu .aL)lJ 4n" -tt'iSll

.eL"-i ;l.i TUPAC 4itLiltr 1:4,1t o 
"l-,,*Sll JpJt :L-iYt -iu--yiJ ri't s

,)li Jill-;J *-,rt;SJl e:-:l a@. i-g oXl ial.,a.Jt ,:L,S;-lt ,5a r-"y'
,a $,p ,,itl i"t-rr ,ilU .,-,+ t" ,-u:S;l -*":l 'r l-ss C- "bliXl &

.,v.y',/:h,t' et;lt li-islll 61rylt |s1Li"

,;-Jt . ;rr; l+t a,l .'r- 6&1iillj o-aJl :rrtl 'ti4!i iSYl ,F" .)9i CJJ'j dnK ellJJ

i:-Jr rf*^Sfl Jr:I rL-j)l J^ tJ;!l :lrJl.trr-,=nl3 .6!l &UJ ns)l ,-'rl-'iSl 3f i;i i:oljiJll

i:U ; i;- .Jl-,-r;iSJl . ,, ,.r<i 
=-:Jt 

;.LJt ,i *S-!t 4ji *L o+F ..6+ .+J ,-;^"r uli '+;ii.uliJlj

"j^r- 
jji -i r-J] ,i :-r1-., e;)l 3i .:q xJr y';lc[ ], a.Lui +]+lr fu-6- k*- J.tix .s)'i

L(P

irg-t -1.igi+4SJ,;a1,1 .a.".-H*;L4€lilt.rleti3ll e$i r;Jl Jl ,!l '':.',l-'jnSl)l

-/t 6-r.:;Jt J';tli{at Lr'.'lJ'"t'-,u*..,..J! ).li!ilt-NHe:OH';-Et"'!r'fJ€)r)Al

. M*BNHs. tuLzt eLi t'A* L':.. i*Yt 4- iu/t ,l:',j:t:,* ,J'uXt J:lt ' b- GJ'

MesB * NH3 --; Me3BNH3

l---

a+/L,h &r+t :iio\rl\'\14151\
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i-:rYr Jljiyl a ?:trt.lrl !-ra;;l[
rcXNreIAEM]WWi

,o-r_,_dr Jl 6!t dJEr nslyt cx e:j e+d si d+-.J,!"! 6:oG 6rLJt &tiill ,J l+..jFyl di..,jj
&SCI:,:,<!l , r:. ;,4r\!iJslt crLrJislyl cr.e:jBCla clslt ,JOrjrli _.u+t.j*

.U;.64.r1

Acid-Base lonization in Aqueous +ull Jlll-lt o-i 6rerirlt -&,.rll o.,,ii .3-7
Solutions

:J,! l-a.r. )S 6j ,,,."- :cljillr u;L-Vl , ii. 1

qy -ly:.Fl^.i _1

!."<-r_.!*r (,rli ,iJl u,:^= ,e! ,:ls-l_.,+ell L,j..s 1€iti.i O, .LS iii:;ijj,Jl ,e ,
:ir.li l-s k+tl .1g gsa;rr.r-*_-1, +r"s;r;r;.,;1

.LJ^J! rEl.! NH3 dj^j u+..,_":l o:., ll srB, dL: e+.=

.Cl3B - NH3 c.,ajl iit ;l d1l *l.+ tnr yt 
e^ O_r_r_dt +-.r:ls ('i)lj &lii O!-i .ells

BCl3 + NH3 --r Cl3B - NHs

,:l<;';, .:ll;rJS_9;:xJl r;^= rJi .r+i i-.:JFll o):l_eJl .i^
,,,lLJl +JjlSl .-r*i ol+l et-Jt .rj,.j ..,.i LU ;Jr"-+
elr Jl \i."<rJ)a,,l<iL.ilj,,,i!l 

e +rj+<ll JllJ
Jp"SJJr.,Jl rJ}ir .ii.!l p.9: Jl ;r9r Jr LU iSSt
16<<irl lJl;j q.ls,il J*n 6)-cGill 3l: OL'Ut .,,,tU,tt

-,:,1"-)l iJ*Sll ,.)r-jll i:!1 .p ta;Jo .1,'r,.r,.1- .[ll
AJI.:II ra *.i glri)l ,",rlj OAj ,.$Ul LllLll o.i 4irill

Lta-., yL g:t+

Lrill Etrillr u;1"-x a]i)l r-+ e":r+ 1_7 Jtjll Jr,lll
L.jiJt retJiltJ o.bLr)J i.l3.i :f_7 &€

Srroag
Electrolyte -
100't6
dk ociotioh,
oll icrg in

LJitl &lJitt L-3ill LtrL.rtt
LiOH
NaOH
KOH
RbOH
CsOH

Ca(oH),

HCI
HBT
HI
HCIO4
HNO3
H2S()4

el5 Z-r.,L,lt &rt-dt rfutrJt rtreJstt
GENERAL CHEMISTRY: THE ESSENflAL PRIiIICIPLES

HCI + HzO -+ Cl- * HsO+
NaOH --; Na+ + OH-

rr+



a-{-Lill &l+l riio\r}\'\.arSl\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

a.i1,.; :cl9i9 -i"l--l -2

,rlj 
"JCl rr.^s, CH3COOH,T!lr Il o:,^: la:li"i g^, Cj+ -rt &tS -)ti k+ti Jl t "

:*li l-S kjJ! JH:"5 d,6.U NH+OHe-*-r)l 4"S3-.,p+A ,HCOOH

HCOOH + H2O +HCOO- +H3O+
cH3cooH + H2O +CH3COO- +H3O+

NH4OH+NH4++OH-

Weok
E ectrolyie -
portiol
dissociction,
rrolecules otd
ions in solution

e!,r._.,_lill ur"l--i Oi rsj A-.-b-.,FI! ei).:LJl g.
eul :j-3 ,J LE .)l; !; e^-+ 'gl(:fi 'rurl1,
.1gt_j iJLJi s)illr ..:l-,r'ill eruli ,+!+l
+,6_r_4r ,,1<i 1^+ .++J.jl e-lr:,.r+<ll
','rll ru#r )l ,-ill Jl 'trj+'1ssi5 eri!r")l
,.:)Dlj:ll ulI .tl+'UL ,,,,lLJl &^,S:,1qdl r-t-rti-r

kib ds^,* d+;s e$l .,1+Jl lc<<ill ljii 4.1-lj'jl
,4"nul J,,1.L-ll ,J kl . t63t 4.-rilt ..-i,.; rJ^

:cl3illj ..i"t -)l slo rJlJiYl ill-- ,i++lij +J
&AHl d -.)is.41 .r--1S*rl k""il ,fl 

:::3lJ.9 JY J

lonization of Water cL"lt itj .1-3-7

HzO +H+ + OH-

(Jli .rlJi)l Jril.! G'pli+r

cl{lcooH

r

a+Jilf rc Uill rF. J d Ui..5S !-i !.=+ +.rl '''t- 6::=1i^ trl-n+ -,rU+: c'l+r"ll el ..,p eUl ++
i:t: rUt +Q:, r- ' c+l-r -igl \5$l eul :'-, l-s L.J:ill Li"t .=)l rJ+J d ireGs ri "-ir-J

.a-JEll i.l:l-Jl , ,,."-

loH- ItH l
e

at5

K
lHzol

+

,7

slight conducfivit)



laNil'ffi@wtwttsmiaiNl,
M

,',ilj Jllj. [HzO] Oi e.,.,-" r

KelHzol - IOH-ll{+l

K*= lH*l loH-l - 10-14

,t-lJ;*Yt d,-t-l!:i et^lt clsii dri.i Kw GJ4r

i:.,U 1_rts" *.t - db.,srJ+dl j$>: cp.. _r_txlt jS. j -,.l.b tj,-t- Oi {t!Ul iJ.:rJl ir^ }-x
.iri 'tai 

C-:lj lx , L;i" ISJJ lg 6-21_.,p as-p $c 10-14 JAr

[H+] = [OHl - 10-7 mol/l

..,+-.._r-.,+elt 6Er*i jbsJil r-+ gt;i lj),l Jl dJ,tJt , rr. r os^i .ii.,,Ut i-hlJt ,,,,..-r
:o.ll lx t^,.,:tl 

os cJr,6',-*Jl,r

I H*] = [OHl = 10-7 L#s o,s* 4!t& dJ" l^" -1
[H+]> 10 7 gi tX 1H+1 > [OHl l-$G 1i,:"- dJ" L^ -2
[oHJ > 16-z gi t-s [OH] >[H+] k* o+-r.! dJ. L-." -3

:li$i.n itt_,s oLr. .1r ,lic rr-.! srgJt &bll # :2-7 cbr+

('C)i-,;l5llL.1
0
10

25

37

45

l-rrt-Yt !r l-rlt r fubll ,e [.s.rStt
GENERAL CHEMISTRY: fHE ESSENTIAL pRtNCtpLES

?17

K*

1.1x L0-1s

2.9x10 1s

1x10-14

2.4x1014

4x10'14



e,i'"- qr- g-rY-5i" 0.02 J J-J ib-,SJJXllJ ds.. rJ+<ll jJS-i .+..-i :1-7 Lli"
.,rlU JS_l_,,+<ll

Hydrogen Number and Hydroxyl Number sli^"sJJ+{Jl d',lt i c++.r..,+dt *}\ ,Z-l-l

: J-ll

I;JEII iJ:t -ll U+L +Q .9j oi."- ,:lt-,; JS_r_pr,all ,*'"-

HCI + H2O -+ Cl- * HsO+
eil.)JJs:-.,+<ll -r-J +.Jkjllr;l$i)! jrsjill J*$l JEll rjr"+ll .*s Us4 cllJ

4l l,l+liJl e1-.r39)lj

-.rY:.0.02 =[H+] = t-rl ,,s..ro.. -r-,+<ll +Si .ri ''u--r

:al:l*Jl a 
,l "" 4jlr i-.!l i5: J*"S31+6JI jJSJi .J,-,"s1

K* - lH+) .loH'l = 10-14

loH- I 5X 1.0-13 M
lH*l 2x 70-2

cl-
0

0.02M

HCI

0.02 M
0

Hro*
0

0.02 M
4-.lJl.rir) I jslJill
4jkll )s_ill

1,0-14 1O-t4

-i;4j . r-!t--Jl a1.rG3 i-;e.= u*lr:l ,.s-!.,SJJ+€ll JilJ *jr+JJ+{ll irl r'-i "J

J JJI .'J JF. rr+€ll cilrr+i jis] ','lLJl elJ1iCl 4ii .r.lo s++rJ+<ll e{jl

.J JJr +.i &,srJ+rll sijli jsJil J. LJI e+inrll a:i *.L *l*.sr-.,ry11 ijl ,-iJl+ L"s

:{J- $l crYi-Jl ,;- aj.o! .=u,.;j

pH : -log[H+] ri I H+l- 1g-ou

el8

t 2 t...l.h &tt-lr :ii.o\-e,I\ ,lr.o.rSJl
GENERAL CHEMIS|RY: THE ESSENTTAL PRtNctPLES



IONIC EQUILIBRIUM

p)H - -log[)H-] ri l0 H-l- 7o-PoH

o-r*)t J.-lJt il:l,-.J..Ji,,,SJJri+ll i-if+ rrr+l*<ll d_,1lt .\_,1 *jll i-ilJt ellt1..,t 
-S-l

J LS,l-I

inUl ij.:Ut iirl',rJ J-,.ril

-logK* = -log[H+]+ (-log[0H-]) - -log1g-t+
pK* = pH *pOH _ 14

t_21_.p L'1:.ric elJ.:3 14 .e-rt+I-J.J+,,,SrJ+dt i_/t_r,"il+-r-.,qalr *jl e+ J.-r- ;t .eil*jl ,JJ".6rJ+dt -ri ;..t+r_.1r.,Jt d_rl .,,.,-Jrln3t g:cl-iro-:--!*rl .;1. sro,.25

pH < 7 < pOH ,-.rJls] +-:"sll .t*!l =.3

pH = pOH = 7 JA JrriLJl .L-!l J
PH > 7 > pOH .-rA g:cEJt l-jJl j

crx

oe Jl: q-*:Jl AJ.:YI pl.,rr...tr *rr*t ejt .re
*-!t -x+ UJ )4 a;.e:' :. trl 3l e:u-i r.r" itt+.
c,!t .r!L -.rk+ pt,.r.,,1,, ti I_/ .#-r-l*ll
lJ :c ljiillj .Fl--)t d.Li.- *1, al).rlr ! .#...9-.rglf

.1-7 JS-Jtr ef1. rA

s++r-.r+#l Fil o"t+r. :f -Z ,Js-

K* - lH+) .loH-l _ 10-14

l.l li Lt lt

.6j:.:-e.-*.Sj.lqr..rgt)-r O.O1 ,JJ.,"l .#l-.,xlt C-.,It .,,"-t :2-7 JA

: ,...t-Yt 3rt itt r fublt e ldcillt
GENERAL CHEMISIRI: fHE ESSENIIAL pRtNCIpLES
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:aHr

,,J. Ell  J.:lJl E+ lilS &Lil a.rJ'orclE piar-r,.ll .u,.S. -r,p,r

NaoH -+ Na+ + oH-

NaOH Na* OH

4=r.ihiJ)l jrslJlll 0.01 M 0 0

a,i- kiJl jislJill 0 0.01M 0.01 M

jSjil .s-rt* 6-r1.:J,.:it 'i.Kr-.P..e ..!il u. Aflilt ,J,r,KJJ+€ll jS-f Ot +i
ehii-L .JJ,S3 iJdl Cjl ',""-ri i,e-.rYr.0.01 rsr-lJt U '<3;+el illiill

'Ll$l il:Lll

poH - -log[oH-]
= -1og0.01 = 2

:.,! tx,.r::+:-,1:."Jl f.,Jl .+"-r

pH +pOH - t4
pH+2=t4

pH = L4-2= t2

. .irJfojll 1-rb,.r u,. gtY:. O.005cJ Js^l pH, pOH'sl :3-7 di"

: d-ll

;1.:6.il1 jBSJill -.i-riol iS+i glltr &lS +! +J4 r.1;rA L':"s ell qll 
"'-.'- 

:-! lx lir+r-.r+ell i-!l ' ,' "-l-r trJ+r-,r+#l cjtjli iSii :a ';g"'ii
pH = -log[H+] - -log 0.005 : 2.3

PH *POH = L4

POH=14-2.3=L1.7

eao

1 
a.-t-11 irrl+l rii-ol.cl\'\;;qs)t

GENERAL CHEMISTRY: THE ESSENTIAL PRTNCIPLES



toNtc EQUtLtBRtUM

11 \,jJ-.. rJgll &!-r KOH ,Jri.. e,J.t,K. rJ+dt oUj;i;S; ,,, "-l :4-7 Jli.

.Hr
pH +pOH -74
pOH=14-71 =3

lo H-)- 7o-PoH

-- 10-3 = 0.001 M

'r-i9.r:r 
,ri-jlr I .-

r ,...1-!t gr t-,lt , a.hrt e ldqsrl
GENERAL CHEMtSfRy: IHE ESSENIIAL pRtNCtpLEs
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Determination of lonization Constant for Weak i.iJ';ll rit..rl! Lrrli +6 O*$ .3-3-7

Acids

i;Jl-:.ll {JrL-Ll l"+t .rJ! HA , \r ' -c...s t4:J glS lll

:\r.! t"s &G; l l.r6J;tlilt .",r8 .--J-,,,-,;S+

Kc
[tuo+].lA-l
IHA].lHzol

:dJLi d+B -)l& = eUl jS>.ti ,':r--r

.",j8 e!.rij-,1 ,js.J .. if ' tl ,Jr"Jl iJl c-uLir -i-1*;9:Jl3 Ka JFJJ! allsl! ':r .r! cal'ill -,r2
3-7 Jll cjr.+ll .LC.,.,-.-r-.,+dr Cjl ,-r. 1.,,,s ;S.; Qj": tuJiiJl , ,""11 A-lX .-''l-'-l irr.ill

. 25 oC i-.tl> i+-.:r $ iit,Jl qr"t^-)l 
'u.'..'l 

;t-iiJt ""rt-i # .l+
:4f+;lt citsYl d+l oHUI e+li :3-7 dg+

Hydrofluoric acid HF+H2O+H3O++F-

Nitrous acid HNO2 + H2O + NO2 - + H3O+ 4.5x 10{

Acetic acid cH3cooH + H2o
+ cH3coo- + H3Of

1.8 x10-5

Hypochlorous acid Hocl + H2o = ocl- + H3o+ 3.5X10-8

HA(aq) + H2o(l) +A-(aq) + H3O+(@q)

K,.lH2Ol: ltuo+1.[A-l

-w{-
Lfuo+l.lLA-)

IHAl
Ko:

Acid lonization Reaction Koat25"C

e"?

fi]-

1 {,.,t{lt [,rt+t :ii.o\-c,}\ '\r-or5l\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

7.2 xlDa



rir+Yr Jli-iYr s g;hrdl -&ac!l
IIWRWMI

.Jrij d+E .j+ i-L 0.L M ._rs_i,iLtilt ,_d.-r J_:J-J o++rJ+<ll ijt ,,,,,.-l :7_5 du-,

Ka = 1.8 x 10-s elrlill cia,"-

JJ
cH3cooH+ H2o =cH3coo- + H3O+

a;:triVt 5tjt
jsjrr s3 J#rt

$e j$jll
OlJIrl

CH:COOH
0.1M

-c[

0.1- a

cH3coo-
0

+0
+o

HgO*

o
+0t

+c

.. lHzO* l.lC H3COO-I

lcH?cooHl
r:L.rt IIL-'+ OllYl i1- &.LJl LLr.l. 1J rJJSr^ll &tLS. !t _tS_l+.r-l-rl!

';i '':r 
'31;Yl

(o<). (o<)

Coi-") - 1'Bx 1o-'

(10-1 -o<) = 10-1

x2
"' 

----T = 1'Bx 10-s
10

x- 1.34x1.0-. = lH*]
: *! L"S..,++:_,rgll i_ll ..,1,.,- CF^t,Fllljl+

pH : -log[H+] - -log 1..34xi,0-3 _ 2.87

clL d+t dF !K+ JSi u"b-sll (,jtiiryt _rS_flt OJsl Lrc (rylill ob+,,t'
L1;3-q6Jl _lrSj +l ."-l!J,IJ" fJ. Ell d!)*ll a,,rr.,,r , r+- . ll ,;,aJt

[H*] : K"[weak acidl

jilJl Jl-:Jl .=Je iJ.rt-Jt ,:a ;++tii

lH*l : Kofweak acidl - 7.8xL0-s x0.L - 7.34x1,0-3

aP3 2 {.,.l3yt &r+t,fuhtl ,ti.istt
GENERAL CHEMISIRY THE ESSENTIAL PRINCIPLES



I

-

K. = 2.3 x 16-+;1S lil 0.3 MjS-Jl +idlr.JCl .r.J ,i.,,-".rJ+<ll iil ',""-l :6-7 rjli.

dJl

sJ,,i!^ aiJ.tJl i.LtJl 6*li+

[H*] = Kolweak actd) 2.3x 70-4x0.3 = 0.831x10-2

pH = -log[H+] - -log 0.831x70-2 - 2.08

Determination of lonization constant for weak iiir;lt slJiJ! irij '''i6 # .4-?-7

Bases

UEll il:t-.ll 1il,-t ..His a i+,.: i.:cG L:..,:1 ;lS l5l

B (aq) + H2o(l) + BH+ (aq) + oH- (aq)

Kc
IBH+1.IOH-]-trltwt

(..)ti ,"'iLi 
-)l.r]L = cul js_i (..li ,'t-_r

IBH+l.loH-l
K".lH2Ol -

[B]
Kb

IBH+1.lOH-]

tBl

??4

,7 1 J."l4ll irrt+l :ii.o\rl\'\-u151\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

:*-I i-S &Lilll li$l ;lJilt 513 ,-,,t ,'- ,3S.r



&li plr|i,J ,_fu .i+,.:tt i:c[iJt .Lii c+E G,r+.fJl: Ka J.ji+ ill_:lt 
".)A ..5.i c+Bll _x_r

"\ 
4-7 J;:+ .I",C s!,SJJ+€ll Cjl ,J-,,s ..f+ kl: A_",,L,JI ir"t..,ilt i*S ._..,t_,,-J 4tlt

.JJLi: r CH3NH2 dlFt J".:*"., NH3 ltj.yl J- ii*;lt :ctjtilt 
",:,+l 

;;Ltr ,",rtjj] 6",ill ";.,u
er...y e^ 25oCL:t> {+} s ,(CH3)3N dr*"i l}+ o3X j (CHs)zNH dpi Lj".n,F

:ctjill dll;;l3t oy:t -
4+F+ll rel$ll .pd apj:tr qlj # : 4-7 r.J.rr+

Ammonia Nfu+HzO=NH4++OH- 1.8x105

Methylamine CHsNHz + H2o + CH,NH3+ + oH- 5x 10-a

Dimethylamine 7.Axlo'a(cfu)2NH + H20

+ (cnzNH2* + oH-

Trimethylamine (CH3)3N + H2O + (CH3)3NH+ + OH- 7.Axto-s

Base lonization Reaction Ku at 25 oC

ae5 a1-ul,r g.rt_,ll ,arbrt ,ld.dstt
GENERAL CHEMISTRY: THE ESSENTIAL PRIN?IPLEi

,"ir+Yr Jl_i-jYI a t:{L!ill ,{.ai!i
toNtc EQU ILIBRIUM



Ku = !i:.}t cr"i: c+tj Ot+ i-L 1M .jSj Ln" r i d-J.-l .*b". t +elt pJt ...,,"-t :Z-Z Jtj^
1.76x 10-s

dl.ll

NH3(aq) + Hzo (l) + NHf (aq) + oH- (aq)

NH, NH[ oH-
4=6li'il1 jJSlrill 1M 0 0
jisJill \."i JH;dl -o +c +o

.i' j$jll
6l_!)!

1-a c o

Kb
toH-1. [NH4+]

lNHal

ae5

) {...Uilt&rl+r:ii5\-]\ 'u5}h}.. .. \
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

OlJi)l &lj i!l--,J Oljfyl "!. 1..!r.lJl d3:.l. l+ lls.l.ll ilLS. !l j!S'Ji+ o.o'"eil+
:oi r+.,,

(a).(o<) 
= 7.76x 7o-s

(1-o()

(1-x) = 1

... 
ot' 

- 7.76x 7o-s
7

x.= 0.42x10-2 = fOH-)

:rr! t.S r....,,-".:"*ell Cjl '-,,r-.,'* 
gS^J JHI+

pOH - -log[OH-] - -log 0.42x1o-2 -2.38
PH +POH -74

PH = 74- 2.38= 17.62

eijl .J. L,,.l itl$l t!)lrll tl\rl 'l ,:S"* ":r- ' tl ,.,pLr)l lll-r si l-S dB,"Il1

jSrlr+ L-,,ti. l+ iJli- t'ulill ..;i: {--..1"l J:-S 1-$. t 'rJ,.!,,Sr +Cl
t Eli! \rjllii)l

lor-7 -,FMeTaA



loNtc EQUtLtBRtUM

r:j;fl d,tjJpll s! +.,1 i," 6e3i & ,r_f U.!J- liln! Jie uu)t tuijl ,,,,,-J g.r!r ';fuJf 9,€<<;1 d-.JJ &1 C+F i,1,;lt ot4J-1;risl)t ,Jc dl_,iiJt OJJlt JiL e,^r:,, .;ri^tf ellxlt ,.+
.,Jc i-.Ej.lt dllJl dL"c iJsirilsLb \ .r{ tX !j, .rA gXl drLJt gr,,r., os galt rr .r.e]
d.ir,,".lt s9)t :3a1 rlJl ,J! OL.Ct i-r^iit C}"!l l-Jjl+J.] j! ,r[i<r dlJi.iJl Orlr ;g

.d_J.-ll rHii d dj,i. gr,i iit :t., rrrl;S 4+-,,+ 6>-yt .:r 1+l+l cJfr ,,_,-

Buffer Solutiont i'5;i1 ,.pr' t| .1-4-7

Common lon Effect dl,;.i.ll Oj.r-Yl $tS .+l

u,h.l-a ijUl $c d J.-X s+-. !+dl aijt j _,-.,xlt .Jl.6 \rjlt dbllJt k tl i-"gi"tr dJ-Jr .iJE:
.4i;iii Jie ti cJ JJI ;.uE-,i

:-l g" iir- ' 6:cli gr Ji ui"Jl llA C)-i r.i 6.. 1- . Li,.r Ll:. O. +ilt d-J.-lf arSi,
.6-r.l!ll c:l 6)-i

;a-r}.li .rrij -!Ur ci-r O. +j. JJj.l- .l_L_+7

dJJl 4l qJti"3 t-).i .r-i 6., r- ' i-!".1,- -Lli .'1. c.r:S:r.,;lr i--Li.lt dill--Jl .1. .r.uJt elEr
:4jltll iJ.:l- .ll l;rL 4li.ll s=.-;ji f15 pjgrJ,.-lf crL 4I_l .Jt,ktl Ld.^r ;" ,.t_.S:Jl

cH3cooH(aq) + H2O(l) = cH3coo-(aq) + HrO+(aq)

:*.! lx p3g: Jl sX eL .r"il.

CH3COONa J CH3COO- +Na+

:ai .r+., &) l,+rtsnYl &Uilt _t', &Slt dd,-JJ,!l.! &d.:l

IH.o+1- Ka'[CfuCoOH]
' lcfucoo-|'llult oY.:tJl ,rL cll.-sl irgJHI ,JI*,ll iiutiJjll riL

- rog[H.o+] - -tosKo + bsY!{9[)" LCfucooHl

pH =pKo +bsEaL:!
lactcLl

Ka- IHso*].[cfucoo-).---.......:-
lcfucooHl

z {.-l'&Yt &rLJt rLlrll e l*lstt
GENERAL CHEMISTRY THE ESSENfIAL PRINCIPLES
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s>i 6L: '3lrlrll -d..s; )s +i: cl'6i+ g:jr el-.,;i'LJl ;aYt -,:ll iJ)ill ;ri ;i tie !'x,
, -.r Jl

-.:Yr" 0.1 JJ. ..1-6- p.Ei. JJ-" Jl pypo.- !'r<rr\ir t):. 0.01 fiL:l sc :8-7 rJtL

+il| J J--ll *rJ+JJ+#l Jil o! ,"nll .11.:L L p39'r Jt c)i -.,1)v 0.lJ 'rllrll ria'5'
Ka: 7.8X10-s LCt i.ot3t i:U'! t+

ddr

)ri .laiJl j J-^ll oi;+1g61! Cjl ,JL,.,r eir

pH = pKo + L"siffi: -bs\.8x10-s + rooffi - 4.75 * o

= 4'75

JUll &lnll ,,,...- ap.i+ +j.ll JJr-ll Jl elri.-ll l+,Si-.,p;r i'iL'b! s'

NaoH -+ Na+ + oH-

:''! ts ''r'trrt ,: ' 6' aa'''tlt +.,s,Jxll suJ',i &lir

oH-(aq) + CH3CooH(aq) + CH3coo-(aq) + H2o (aq)

oH' cH3cooH cH3coo-
4+lri.ill jJSlJill 0.01M 0.1 0.1

j+s,Jilr .,,i _*l' -0.01 -0.01 +0.01

.J.,Kj-.,.ir. i,lL.l .+ r+r.lr jstJili.g;i ;-Jr ijirlJl iJ:uJt *s "r+J,ll!
+i.ll JJJI Jl ;'a:jJl

Itgltl= 
-bor.Bx7o-s + l o'11

pH -pKo +loo!1acid.) - os 
o.o9

-- 4.75 * 0.086 : 4'836

-.11:L;i 'rr a4sll 6Jplill i-il.-bl r*.,.jJn,tiJr tlJLll .r+-. J:c€ll aijl #fuJli'+
.4lt"al OS.J3 tq J''i; -.,PAlt

7 1 a.,tgill &rl+l :iio\rj\ .\r.oe.s.l\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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IONIC EQUILIBRIUM

ir-lYr ',r i-iYI r. ,'
Yt J-

t*r)..i rrir ii* 6.st! cj. +:. dll! .Z-L-+7

gJ JSj pjsrJ.)l ! 'K-r,EP dA l{.)-i \ir iir.; 'reti o" ,l-iS3 \ejjl iJr^ll dJ- Lll r^
d,Y'rUl cll c,tJt d S-+ e*r" -r)t { ,lK-r p-r+3^Yl g,,S3_p1r J^ )S.-.pq,':-. 

r-.rJ. Jr"Yl

:i+l$l

NH4oH+NH4++oH-

NHaCI -+ NH4 + Cl-

.;':"Jr ilL: j 6+- ll ar8)Hl ilJliJ :iL3 rJtJill qll Ls .Jl .,,-r llsll &s ulE &c"l
'lJll U:lJl Jl d..-Jt $+ r.)r.i :-ij, r- .-t1

Isalr]
lbasel

ir"S_r_.r+a .r g_t)r" 0.2 iF JJS^ ef-.;Jrt -t..#l_.,+*ll C_lt ,,, "-r :9_7 cln
pF. -r)l !...<.-l.r.l .Iti d+B ;L i.t ,p9:. j,^)r +_2lS CL.r" gty-r O.4r e.nr.)l

Ko = 1'8x 1O-s9

Jdr

pOH-pKotlog lsaltl
lbasel

pOH - -log7.BxL}-s+log
0.4_ _ _q
0.2

pH =74-pOH

-1.4-5-9
qt ,,S-rJr,r,A .r" lS.t*i: i-r 6:+ g:Jr d n&Jl JJ*!t -1l e_r+:"yt g*i gi t,o Ji=N

.rr+-r)l +-t:K eLt erp_r)l

ea9 2 i...l-Yt &r l-.lt r Lhtl gtl.$tsrl
GENERAL CHEMISTRY: THE ESSENTTAL pRtNCtpLES
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Solubility of and the Common lon Effect '{j'i.ll turil .;ii:3 g)rtl *rt.iji .Z-A-z

!li!.1 eyl .*.-r."ll ;i r+.,, 4il'- i-21-2- i+-! $e \+r.lt ar. ii-" i*"S .rJl i.rlr.l ;rL ijL:l rre

,e+Ill lLJ Jl J; U:i e,,J- i.,.li )l- Jl JL',.r,Jl a+Lc --3.,,1 )r 4Jl i!L;.ll -rlr"ll 8l+"S

.j..j.',li',Jl!l i+-rr: 1!.8 J JJI r.- ; UU .u"-/l LlSl .r.lc ;rl-! .,;s. ,J'll'll l.&-\i JA Jl
i,J.-ll rrul ..1,4 *Syt-i;: gl_.,!l lJL l.t,"', i JJI ,.+ .+Jii el.uJl .1. i+S 4+i i.iL.bl gl.i ,dl.r.l

J JJI ji6Jl .,.lix: .+--!l a->J llu ;l.r.i:.ll Lo-.1*, dr-;S .+.+ ,1..yiJt ji JlJlr iJull
.i.ilJl oiA # iliSll J,3 ..,;rili &C.i.JS+r .'tiJ.E

Solubility Product 6sn513n1 Lti)t J''L''-rE

,l,.,jJl ri iJ.-lr :ryJr ;t.ifjll i-dri1-ll )ic, i-4}'.j)l s)-clii .J]9 iIsll J.i OyU J#i,3 Jrl4

Solubility i+llyl &1. iJf,ltr 41Li .-^+J JJt ; ol.ijell 6. .11-.1i1 i.Jl-r i i:.,+.iJl

d .r!::lt i.+.; 
C 
)-)l i4liyl :L-l- "",'6 6rttt"'1 6 irc'l;ll bia J*8".. .s .Product Rule

a+ r.1S L"lS! .liliJl 6l+Jl \,.i c)-)l 4:iL,,.rr.!.)++ g;:Jl, ,i;t.r-tl JP i-!'j)l JI:

Lli)l &l-r i.,.13..-.,. t,l-!F+-r .e* -.SJlr al.b CJI fo" I+JJ sjls i eS Lli)l .),-l-= cr,ii
'U$t 1llLlt .,."- ;p"q ,tjJt X,yy ";.) gJJ

.j+jJr eJ-,r Cl" ei" J:k-; a-Sitt &Ejg)l .lrJSJ, +J; J.-l-- 4jii qli)l J'.-l-: .iJ+
*Fill aJ.- #r .turjrJr Li. L.sJl i-J:lJl os ^LL- 9:L,6 ii Jl ;r:i Js j5> e-.u :+.+

cU,g)J,-e,.,;Yll j$!l +-r,- J,-l- 3o (,p 4+E)l J.-L'.rU ,q-1)jJl 6'l'r'; 'U jsrl' *
iy" ,..:* rA ll ijiJl eJ:lJl i ei)jJl .:.ro t'-rt+.r! ty-r rJS .eul l+;ll 'rlct \5jllv \- 

'a.l*t ai'l

eLJl .,! rj.,.r!l a-+-,jJt C)-Yl !.r"*J aJli)l J.-l- .+E # e..$ 5-7 J::+ll

6:t ft 1.F+l i+llYl &Lr c+E :5-7 d.rs

X,Yy 
G) 

+ xX[aqy + yYaaq)

Kse - fx+fx.lY-fv

Ag Cl Agcl+ Ag+ + Cl+ L,77XLO'10

PbCI, Pbcl2+ Pb2+ + zcl- 7.70X70s

Ag2CrO4 Ag2Croa * 2Ag+ +Croa2- L.!2x1..0'rz

8.46x10-12

a30

Ag2CO3 Agrco3 * 2Ag+ * aor- -

2 a...t3,!l &r+l :iio\.c.J\ '\-r-or5}\
GENERAL CHEMISTRY: fHE ESSENTIAL PRINCIPLES
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toNtc EQUtLtBRtUM

Ot+ t"l" .rt--ll +_,,4 .1" e$rJA c"s (J.l-jl O-,*i :S-p,,, ^ l : 10-7 d84

(KsP = 7'7 x1'0-s)

LLL-lt ,-r"n r.i dl_i.^i.ll ...ljg!t .-r Oi ; g)-!t a,:, Ll:] .J, el:i&Jt ga)t 
_2",,'3b e_+,

.eur Ur,,.r r-r cJJr3 gur .J, 6J+ gilr

ddl

J l.S ri.t,.-jt +-plS et,:utl

Pbclz= Pb2+ + zcl-

.1ra eLil i.ill)l d.,-t- c".ti ct$,
K* _ [Pbz+l.lcl-12

7.7 xt}-s = S. (25)2 = 453

53 = 0,425110-s

S = [PDz+] = 0.0L62 M

e3l

6Jsgyl@UJY0

a-..,./t*tt &!ut ,fulrrt e li.Jsrt
GENERAL CHEMISTRY fHE ESSENTIAL PRINCIPLES



elri.-ll +-r-1JS.l^g-.r):" O.O1 I'il;l $oi.-hill +,,rlseLr.:.Ll:.I '5:s;liL:11-7JB'
(Ksp = 1.77 x lo-1o) 3! i^l' ..1 .:.s-lt ,; *tt

&lt
.rr,-ds gL tul;t r+l cJ+i i;ill +-.,4 elJ !t)r"ll I'r:. !5r,ll ',""-t

P-#JJ'-]l

Ascl(s) = As+(aq) + Cl- (oq)

K,, - lAg+).[Cl-l

1.77x 10-Lo = S.5 = 52

s2 -- 1.77x70-ro

S = 1.33x 10-sM

*,r -,)-r 0.01 -rl.q jsi ,isll Orli -,,5-f C++ elJJJJt +-)JK I,nr.J
ri ,J,lS[ +.r1]r jJSill elsi$l+.9-1ii i-v 

'+jn:Jl
K,o - lAg+).lCl-\

1.77x 70-Lo = S. (0.01 + S)

dllJ dil;l i t'll cl 'Li.ll d,r!l jsjj+ tu-21-i{ 15 L!i; 5 rl:L gl t "i

UUll !+Ji5ll Ll"o elJ+l (JS.,J

(0.01 + s )-0'01

,r1.1 qlc At4_r

1.77x70-10=Sx0,01

S = 7.77x 10-8M

r.r i;i!t +-.,rK eL U" l+-ri t .:"ii Jl 
"9:i 

el s;Jt eigYl " 
or'. -r

1.77x 10-8M Jl 1,33x 10-sM

"37

I 1 {..,tr/ilt Utt+1 :ii-o\-c.J\ .\-r-or.5)\
GENERAL CHEMISTRY: THE ESSENTIAL PR,NCIPLES



##Y'i' i-iYr I J-
IONIC EQUILIBRIUM

gtJt iJ,ai.lt ;Ji*i 6-7

:,,/1, 1.. i.+utt Lr-.yf .,,;iii

grrir3 dll irtrlt +il sle c1i.,sll 65J _.lj,*j_9_,; .i* .L.9.,,1,ii 6rL ,l

OA E.l.l,D
&UJJ3SJYI

ttsJl

iiuj;&Cl .C CrUj-ll . g

rjJj- JJ+{JI ,.1+.*soqgll
AC,Ulf

il+t.,' t+.. ijJs. dji irL sJ e+ ,/ill 6rlrJl ,r.l ,..r.,r.rrj i.rti.l
.!.ru

CrUj-r.rl ,t)
frr..urr{ll tr ,<,lggJl

csulr ur eJj .B
crEfu')all

u, eJj .A
sUJJnsJYl

6-,;,rll

+ip..:tt .pt*rYt i.t-i Cr.3
HCI ,D HNO3 .C CHTCOOH .B NHqOH .A

t;.irlUrtt Jel$l o..4;u..;$ oJj ortjj
NaCl .D CHaCOOH .C NHaOH .B NHnCI .A

sl .lL,;sl5l*{ll (Al 0.05 M ,JJ+{ll d-,lt .5,.JAt ejJ+
1.D 12.7 .C 2,8 1.3 .A

+r lJ,-,E-* {yrs3_2rg O.OO1 M .er...r_)+dt d_!r .6JJlr.l
t2 .D 11 .C 2,8 3.A

:q'A (i..rll 6Js,+ "- qlElt cit rit #_, .7
HOCI

3.5x708
HCN

4X7C10
HNOz

4.5x7Oa
CHsCOOH

7.8X70s = Ko

HNOz > CH3COOH > HOCI > HCN .B HOCI > HNO2> HCN> CfuCOOH .A

NOz> HCN > HOCI> CH|COOH .OH HCN >HOCI > cHscooH > HNO2 .c

&,JjrJr. qtutt ;gtr-r.rr i.8
NaOH + NoCl iF OJs. jA .g HCI +NaCl iF OJS. clJ'lr. .a

KOH +KCl u. OJS" dA .O NHaOH + NH4CI t, ct.f.r JJr .C

C;. rr1 .9+.,l. JJJrr 4+tUJt .l:lt ' - lt

NaOH+ NaCl U fus, &Js .B HNO3 + NaNO3 d,. iUrS. &l*t .a

- l+-ul,t l3rLIl rLtJt rlriStl
GENERAL CHEMtSfRy: THE ESSENTTAL pRtNCtpLEs
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II E
)

II

CH3COOH + u' A* tW -.C
CH:COONa

NaOH +KOH 0a OJSI tlJJ'l - .D

6UlP 0.5 
^A 

r elr.Jdl &., O.gM O. 0J$" d}'.l sir+JJ+dl fs'')ll

( Ko = 7'7x704

.10
o r c.u.,E ull

4.A10 .B3.5 .C10.5 .D
,,!rt:.rl rF.Lr JrJ. 0,15 iF OJS. ,,!Jr.l L,l#"SJJ+tll P-ll

........ J! JYJ.0.10 ojfj p3;rjrll
li)i e.LJ

, IK, = 7.8 x ltsl
.11

4.75 .A1.4 .B12.6 .C9.43 .D
4r'itiJl ,J-tj Jl ,stg .L2o"lsjll r&. J$

dJls.. inEl .A
IJJJS U

Pjgri"€ll

f,lt ,-'.eij .B

sjs..JJ+dl
.L-C

dJs. i.lL,:! .C

Crlipis Lt

oJsjll

y.D

i;ilt c,Lr-S I e*L JJL. ,/ ;;lll crt'iJ-Sl tuYr..tt +.,:" t+lllt .13
.'..'.,.'......,,}

(K' = 1.12x10-12 )

6.5x10-4 .A10.6 x10'6 .B1.06x10-5 .C0.55x10-4 .D

I 7
,7 a-a-L"h &l+l rii'o\-e'J\' \r'er.S)\
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a-r_J;rlrel+qslr ; {gll}ili drecrll
ORGANIC CHEMISTRY

lntroduction L& 1-8

;:iU Organic qy:c i-"1S3 .,.1r_.,Sll ci$_x elag ta:i ,r,l' 4+ G,ll rlagJl Jl iJt,iyt JS":t

rJ.{ $,,ri lii t'l ,i+l ..,'. J +.61-r.i ;rL-. LF Liii 1€:lt- ,}-Jl ,S+ a;_..aJf crLS_./l ;rS ;^
,.U"+i j.i !]il rlj JJll ,!_*Jl ';:rl! (J-+ L '_+l J. +) 4.Jl+ ,l .. Jl rii.rl gL(, ,i.rs.ll crLlJlsJl

li q;Jl ,1+4Sll +_).r i ,1.i.,r- . L._9.-a,Jl cits;Jt gri.;l ,i+1,- Ji a;6 +rtli .irsll ctLjJl$l
q:il 6^ ..tJ+;31 .5l9 4.it ill ;1ti<_/l 6r.+ Ll_,r+ ern Jt ,,:-,i_6lt eli<J. elt.,r( l4t ,-Jc

.l.€. i.-lll &lj!l 15J1SJ^ Ll;.:j l-prrl-. I i,is" " : U aUJl ,,r<_rJl

Vital Force Theory L"J+rlt iJllr CJE, t -t -g

ul+ L*Ji r,tJl :$c)l *Jc ;tr e 1815 ai- ..r*J*t_r .gqjJf plrJf C. CJLilf ora o +t
dt:r ui .Je !,-xr a!"*Jl ;i t6-Ji. i iJfu )r .Fl uisr 9 {r.J-.a,]r orSr^tt .r-rtf ,,. ^"tr
4i Jijll ,ra p.u ,j3 le [t.:4.r.r-:,-ll eLS_./l ,-]1s ] J^J .l;Jl s1.:"1Slt {-,,,:i J..f. CJF,}
t9r-l \Flr LJll irl- J:l.:si r,o ? 1B2B.t* jn_d ;tJ)t ilul jsj t $. l-Cj9 *lijllr

UEll i,lrLJl i l-S eJ+iJ.)t c!E!-,r' L_..:. ;,a. 
.;Jt-^ 

#.s.,ii jrall oE-f.

NHaOCN----> H2N-C-NH,
JUt OS;,'t- J.,-ll os L.j":Jt c.,!6>Jl .t .r.uJt *^:-: ur^ eUJt oS- !_t*lf :*.brj:,.r
,.tUf gtl-t cllSr cllill ,Jb.s ;lGsl r.r" p 1843 2,:," llgfingn Kolbe o_,1. 

g ;La
d1i pi ;$-)li ;t!Jl gjl; _.pH p 186g .ii- Msrcetin Befthetot -fu.. -x fui-
aiJ,esll rCl a.1;,JE; c.,-,6! ;EIL.J dt -ll d !_r,Jt :tjJl r;sj 4",jts"t dlr + g3#l+Sll

.l.e+"ai

Jl _U;i t- rj! L*;,Jr orj.lJt C+; rrls.)tr g+.-i leJr ..riit U!,i j)-,";t r,.r

.l(1,,,tJr irLc ja;J k4:; rzjy;
Classification of Organic Compounds L-j":lt ets;r , iir 1 2-1-8

:k.,. ur,,-i 6.:c ,Jc, ' tt ^1ll hA $cl
_rp crl.i6y: ! t.t" c,ls-* Jl ,",r,t. ) li6lijJill u,.lJAlt Lr.,i (5j, J"j+, iit i .1

(!+"
liL crl-rs_y Jl ,",,,, ,"t-) cl$J"ll ..,.',y,6lt d<*tr ,r4 *J, ,o" I .+,. I .2

(L+.t. -lt'r L,-r&" c.,ls-x Jj,,,;, , 4.,j" l+sltu-tdt Us,::x .3l:e ,,rioi ,'r-) g_".:,lt :.rS!r ,.p_r..; a$G, Jjt ie. i,Jl ei,+ r"j+ tt I .4
os ,!+L!l A.e q i-ll L)$., kl qjll elS-.!t rJ.i,:l clliJ ir.rLi _,iS)t, an)t , ,r,. .r1

(l.di^..i i!$, Jt ,.iL:)L 4"_tjt+4sllr tiil+jJjlt o-ldt

?37 a*l.,U}l gsU,fl r &lrrtt e liqstt
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2 a...Lrtli$t+1 :ii.o\-l\ '\r.or5l.. .. \
GENERAL CHEMISTRY THE ESSENTIAL PRINCIPLES

Jl r-,ixr Lii ei^...,_.r*ell: ;Jr_.fll ol-! ar. dr_,sfr ll oLS_./t *l' c,L:s-)sl-r*ll r-l dq
.i,.,-,i.;; ri i-r,i^ ,',F Oi ,-jS+ ciJS. !l dlb .iiit^rJi ol.:3a,fj-.p;a3 i5t!.li c..,1-.,j,,-.,$j-.p.4

,r-,.-!)t Jl jl .l=". _u+eil ol-;.:.:c ;i o:,+ a+l-.i C-C \l:_,r 6+"+qt-S;i g 6prlt+ r-.+j
L,,ti .JA)l +l+ll *l' S -u" ri =jL,,,<!l .jS rl-r- CA dri rl-*-.rS.9-.rlell ,,s+ g.Jt

ir=.. _r -,:ell c.rl-.,f ::c ;f..j 1$)j ,i l;t-i: u..lr-.,,& .:S; gi.: g-rlt * 6+.l,Jt J;; $J^ll
.e.,;.9 gi ,.t-r.,.-;S.-,r+eX OS+ fJl *-'6)t ::,Jl u^ di

AliphaticHydrocorbons ?9g,g;.J,llciLi},fJJ+!-2-8

e-i .1fil As Cyclic'aaiL j\ lgyglig i--p" ri i.$t* &)- crli ol"Sy ct'l-.r1+' ,y'
Jl i:6l4lYt c..,Ue,f-, r+eil el-fi ,i^.-r ,fat 4nll n';t Aleiphas Ari" ECI A-lsll d,. dl+ll

. L"l UJieJ +.

l+l,r-r -L g;-:3 ,saturated HydrocaT6gng i4,tall ouju.;Eg-fiNJt .i

CHs-CHg Ethane cJi. alkaneS cil:tSl .s-,,,fu A-rrl-.l eil,$ -.ll-6
*l' +r1.:: ,lJnsatunted Hydrocarbons i4,:aJl -F auju.ts44Jt .+

.gj,",i:j .+;ilX _ri a+ui or_6 -rtsj !|t-.r
€litsN$,(C=C) 4+-r-r. rl*j - O.1r1-S l+ryt & .:j,F Jl ,Alkenes at4styt

z dL ..S ll ,'rlS e.l e- .c:ca-',:)lj OIJS - cl-rj rl+l-.r ,& +:H Al AlkynesLJ 
luir- ,i 

-i.ur-"r'

is- ja-f3-4r c,l$-r ip 
"* 

O-r"*" orr* *r-rr*t rr** *
ol-! ,",." O" OJSS LJ,i^ J;c lJil- tssj cr^-, dlyt ,rJt t.:-1, a; iiL *tt $t+; ,f;':

.1$,:^ bJiJ a-,-". Jj j+l-r-,r k+ r.r-l+j

e38

Hydrocarbons 3UJ'iJSJJ+#! 2-8

Alkanes clulsjYt 3-8

j :+l-iE: ,arJ+_rJ!e ll-, otJsl crlJi & +_rH .L!i^ a+}JsJJ:$ c'LS-x crUlSNl J.d,.i

3fi; a;. qlr :l3Jl q!.:., ,',rSlJ .9ll .-,EJl rn ic ""+Jl oil :l-.!i &ir ,cjrJiillr ,r++Llt .,1Ut

i+ti OElf rg;JyrSlt .9j,.,,^,,sr'.-r3.6Li.ii.,.,*lt jUc-iJ+Ljrjcl9'r*Y''r-d;lt
.Lii \re!J *--.,;o JS& 1!-r sK lil l6ttj Jl ;11 ,.,-.-!i ,ji-+r .il-l-!l crlj: nSlYl s." 6lj.1i

.r^.. -r-,,+ell:.t-ic-.,$f arA.Lr-!t qJj-t J+ r.Hs d,1+-,r: 109.5 dls.&ll liA il+lril rr+1i*ljllj
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?LJFJ cr-.e..Sir r:.. l-][ l: ; !

/c

H t--- H

55 O- 0-61 *-+ll jUJl gi ,'"- .outSlt ;L-. eei drc dJr... ,'r++lt jUtr Liit ,$,J
.dlLs. !t o.4J _pL-Jt *t .r. L4i i-ilt J.f,.J .jlj.! .Z tO_S r.jil.yo

".* + (r-,Er tiJr c.,r.irSl!) a,:ii.j^,.JlJli c.,bf kt ,ilt c.,Etsllt u^ \rr+Ul _,1r.ilt OJS5Jjtll .J.i cJtslt .,rh.rFL rr..,i *i.rj..tE-r:+ltr.r!rj. t, ,;B)t q!,.;;, JS+ OC
J! le''+d*r:l ,+Fll k"ni ,-*3_,r!i.l+ol_ltJt o.re1U;"r;llf ,lr-*J+fr
J+i:ll i!-l3l 't>i Jl 4L-i,:rs+ J:_pr.tr ui t4:lt i+r.jr*StiO;l irx r*uirlri-rr
kl Ot+tll ot+, rrJLiil lc l. i,, -. l Jt c.,titSl)t .r "f* ryr Cr a.,_f^ rt;!t .rAr . ij+^,lt

Sources of Arkarres c{.ls$t }L.. 1-3{

General Formulo of Alkones cijslll irult iij..tl 2-3-g

N ome nclotu re of Alko ne s crursJyt i+-*j 3-3_g

e+€ rre n '':- , CnHzn*2 ;qlEtl l+;Jt U:.-tt tC t S^tr i,:. r_6:_+elt 6lr<_2Jt 6;.s;on iij3jJlii+.-ltJl.,:r.;,;lJsltiJtJj "- ,,Jc (n) J+l ( eft.......,n-= i,S,Z,il i_
tl ,..u-. -r 'r+ r-p 6. rt-l$ !;a ,i;.:-ls urt_u 

e_rL. k* i-r.l &.U_r: ,l*.'oiir.ff .i^ li
.g9_.1S ot'! 3i i-.,p 6^le 

. q: -tsi

kJ, l- Li i*li ,U-i kl Jllr L..,t c.,,Ul$!t , ( -ane) e-LiJr-r 
".r: r*j:i 

oLilSl)t Cr+ ,.r!, (ane- ) +iJL.",ixr ,.Jr_l;lr ..+ Jr (nl+*yr a*[r.,')-;y.,1s]l c,ri.r^ iiu .rLi rj
.4 e** ( 1_8 ) rJr+ J l^.,

e39 a-yt l,rgrt-,tt rLlrtt el+.$,t
GENERAL CHEMISIBY: rHE ESSEN AL pRtNCtpLES

a-.ricNl@wlfiN



. r d.,+ll fuJs.l! OJl].JSll slJl Jrl 'l+L &ulsjt! +*' ; : 1 -8 ,Jl+

oYLrirYl Pl iujt :!.ll :jJ,-ll

-ir!.;pJ1 
iir,all t-vl

.:j_l CHa CHr Ju+.

l}J CH:CHg CzHs

.Y-l CH:CHzCH: CrHe .JqJ-l

CH:(CHz)zCH: C+Hro ,.JljJ#

CH:(CHz)ECH: CsHrz

# j.-e !+r^ CH:(CHz)qCHs CaH ra ;L,S 
crl -1!*l,l :jE-e CH:(CHz)sCHs CzHre ju+

rJL *-;r CHz -.^+ ijJ.E6iJj4i 6tuJl ',K!l jc +ju i'cJ'"+"ll ''ra;" 1s;r rJS;i 6;. l-e

,siL;:r r , rioil ;6, ;I & s, M etny t * 
" 
U,i:.[rrffiS;.rh# ;

Butane CrHro :1-8 Ji'

CH:-CHz-CHz-CHr
n-Butane 4rb OEjgr

6tj+ -JJri
lsopentane

.rJe - otil
N-pentane

lsobutane oEr* -rii

Pentane CsHrz :2-8 dlj.

oq -J+
Neopentane

Alkyl Gtoup rlrsl-Yl itj.+.r 4-3-8

"ln Jii .l' j ,,ll .,,rrj ,J:Sli ioJ - *1" J.-'l Uil-i gul$ll ;r.,1+-9-!S rJi riii $e

Jli#ll ji al;-)l..,:,i.r3, +5j p.ll:,-JS,iu a+ e^Jl g]=S!t iror3\Ij e\r1"1 l'ei '':- o1''o "'+Jl
.lSri i--;-# JBlt ..;+:-.r+<ll ol-!;:-lr Lv *l'lii L"{r^ rJs *tA..rE)l-'
* U," rKi .L ;1i.j ..i+-;-.r+l! .r^ !e! .rLrt$ll L"+ (',$J:lt .,Jo J!- )t: ,.)"'irll oa;r'-l-e

J;' ; &" o i$i tr -; -,sl uF k u Js!: ':ia.li :so;tt ;s;11r;6Jr crrlr

'(2-8) Jl'

cH3-cH-cH2-cHi CH3CH2CH2CH2CH3

2 {...ts}l i,t+l :iio\.rJ\'\r-or5}\
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CH:- cFI-CH3
I

CH:

CHs
I

CH:CH:

cH3- c -cH3
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i J.o;rtr e t-q.rslr I i.ml:tli ,f-:,i,1il
@MNNrereffiMi$ffiM

4.ii;l.r r:Lc #l ,(CnHz") Ll-ll trr:, , iiiLll iljlslll JA ir+Lll .Etsl)l :r, jrJl e J,llt'iJ$l 1&!t J l-S .iiLU tu3s.Jr ; q-fJr i!l,p ::c .,. "- jlSlt a.l aLi (CyClO)--jL-i_K

.t<J i.l"s.lt rgt4tt &"-tt, jgJyl c,bJrr. ch tw,ll:2-g dr+

JSI\tl i-.-+. e-i
Name of AlkylGroup

J$JYI A' r+-l +,L.,JI i;..,Jt
Structural Formula of the

Atk I Grou
Methyl -CHa

Ethyl CHaCHz-

Propyl l'J+:-r CHeCHzCHz-

lsopropyl

n-Butyl

sec- Butyl

rJ+-rr.::i

t'.b d,i" _r*

+yE &"-r*

CH:-CH-CH:

CHsCHzCHzCHz-

CHaCHCHzCHa

Cycloolkanes r*tlr:t ,+rsfJt S-g-g

cHz

CHz CHz

uiJr gtrgg Cyclopropane

cHz- cH2tt
cH2- CHz

oirlr 6Eg;

?41 : ,...t-lr 3r t-,,It r fuhtl I t re.dt I
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I I

I

T
I

CH)
CH{

I

C
I

HZ

CH2-CH2

eli.oe Cyclopentane

Systemotic Nomencloture of Alkang5 eus$l 4i'Jl 4i'Ejll ii!&ll 5-3-S

e!-;SJJ Jj:Jt :l-.j)l le - '-r q,ll r.l3iill ..p lo-r+. tLi. 1+ tJill1 ic;rii.ll cJUtSll .r"'6
IUPAC ::'te.i;'j *ll .4'1!rJnll r liJl

:*! :c' l3iill 'ra3

etcj4-Jl Li ,6,Y1 iuJl ,,.A L6,iJ.4,61jJ1 ':t tl ,J i:r,.i,,.,- !j-lrl-S aLL cj.lAi :t .'t
qJil:r 3i L-5-,yi $! 4iJilJl ::JSl)l

rt Ct clr 1>lr :rL ,"u-r 
.,.,,,. 

l;,Jl 3-!tr Jl +-fl| i.,.|(Jll ri ' t'-Ell d,. {*+JJl altJ-Jl ij .2

*,'d * ii ,,.-r r.* r-rp- 13r *1" Jrsr i-lr 6al+ 1-)l lts .e ,jl ry:.'eu,.,fl
e;J_rtr'li .,J'rj+laneeli.llie-)l i+r.\r.-L-)l rS-/t e-l 1-,;:i-r,j,1'rtl 3,r"ll

:!Ur J:Jr i, C-:+ lx yl eLLL,, #+ kr" Jsi /iilsryl L:-!t ui

12 _t.l 56
CH3CH2CHCH2CHZCH:

CH2CH3

3- Ethyl hexane

llJJl JJt l,.le (i<+r .irJl i-,l.rSl.. )l sl.eJ +JS) .:-l: ty J. rj" dl el'lritt r*r. "* 't, 
.a

,ai,.lil t'i JlJsll *l' ,J$l lS: Penta .tetra ,tri ,di Ctql err-,,*, .i+."1'lil 4"'l-1r.Jsl

,f.t -rr"U*.,,+ J,.ii Ad.r" .GJi+ k+.L cJ+ cl.,,rr+lr o:a 6;3*j Cf)...... l'"; 3i i-'''1i ':i)s
aJriJf gF e-jt L"S .p-x ijl -2 ,S:+i;:-l-e .te-,S;-.," -b aliJ,.4-fi cjS+lt -,,F lilj ,liSa3

:lutt

tf'
CHr-CH- Cs - +l 3

CH:

Hz-f'-QH:
-lr
CH:

: J..,U/yl i9r+1 :ii-a\-r)\ t\r.srJ=l\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES
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ORGANIC CHEMISTRY

2,2, 4 - T rimethyl pe nta ne

l-S g:++Yl :+SrJl eE Liij 1e!...,r iS "1,,:,_ll iLtJl _1, lilli iil$li gltr ire ,",t. X til .4
J

^q- t o s 4 f;HzC,H3 rc H3- cH2- cHr- cll - gH- i- cHz- ch:
CH3-CH1CH2 CH3 CH2CH3

3, 3- Diethyl-4-methyl-5-n-propyloctane

dF r'll * iJ .,rjjl lLLll o.i>U X r..r ,sl-r:+ *le L,i$f,-," Or!--1s OEe_a^+. ej 
j.\i- 

.5
:oJ; tx r;a).lt et+6Jr ,rs !_ei iq g-rlr EJrlt Jl -.;:i;rur 

-

165.1 32r
C H:- CHz- C,H- CHz _ CH_CUr_Clf ,rl

CH: CHf,H3

3_ Ethyt_5-Methytheptane

t$.., oits J lx k1J...6 rx 4iLi 4+,:il^.r-igll ..ri i,J.sli af*L (3_!r ri) d,.r+tt {is ti! .66Ji J. ehi.,r 4d-i + r,.,,r rJ ,(ane) 6liui; ,,t+ tvrj ++ jr*;r y!',.s! uLi 
'-

t.,"r d-,, .n-Cl cr,- c!++_r ,ty * iy' c+, l-rr"'ai .!r iI"i.,rL ,,. 
-;i, 

d,-;rsli
:JEll JliJl d.e*:ijl-oS.,,-.r,r 11 ellt l{]l,Cf olr Or_Slr

F'iF',
CH_CH_CH3

?H'-9nr-?tt -?H 
,frr1cH2-cH2-rcH3

fr, cH2cH3

CH:
3, 5-Diethyt-4(1',2',Dimethytpropyt) octane

3

_ a,-i.t.,"l't gr t--,f t ra.brt e l#rsrt
GENE0AL CHEMISTRy: THE ESSENI|AL pRtNCIpLES
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,

I

.illi J' (4- ,.+-ll) Jijl 'rlt 8r.l+- J$ill sLej*;- JHd rll al-LJl ,.J' .s-*i LJ'lr'' sr'. J lrl .7
a- 

"ISi..lr.,fr 
,;i"'+t rL"*,ig-A jj.s.ll 6.-93 .4i:;+!l iirll {i"r;E;1c ta4a;,' p.,;IJ-LJI

'iJ.,SI)l JP

.LLS- Jl J+e crttJr-ll &l+ll o:ri r*'*j :3'8 ,Jr+

il,Jl

-Arr.-tl

YI it J.i.ll
-NOz- .,& F

,u- -CN -r-.,.lls cl-

I J^J} Br.

'Utll iE )l iA e*:+ l.S

fH'- 
c*\

CI

.rE!-l-.,4
Chloroethane

CH. - CH

,t\sls-#-2
2-Nitroprobane

cHr - cH- cH2- cH3

I

Br

,,tBr+^vst2
2-Bromobutane

cHr-cH-cH3 CH.,

I

NO

cH-cH2-cll

CN

,..rEr.".yl+--2
2-Cyanobutane

cH3-cH2-cH-cllrcH3
I

CH,

irl4 d!'-3
3-Methylpentane

.l

.-rQ!:rel
lodoethane

iSO- t"!lf ;ls i-o . +ll :+$-r,l -*Uts q:;'r)l ;1-pJf CJx al 'il 'l '$e q"ri 
" Si ?t.3 8

, loCr * -'.*ll -i-9-dl .r cj;S 1$o)l .;a J3)t W-.i ti, ngO-.fui+ll dlrsj

.r cj+S -iJc)l .;++.r, ) U[ tri r di akr iec- , tert- #Jlrrll ri :,-l' !i
.inLilll irll

Physical prcpefties ol {/ftsag5 oEtsDl i.,,:- tjilt ,JatJi.lt Z-l'g

LUI treljillr ,.,;ti egj+ etll u+ 1xi$ rP c.qj+ UY 'Ul d l{ii''jli.r+ clul$)l ju"i

; -,,rs .i,.i:l ;i I r.d-, ,;+!i-', ' :, *s a*xtr ; r*J'::^tt '.Q;Jt ;i 4++hll J
tr-*** !j.-c oQi.S.p; ";;,a, rrt"sdl Ji" W trS ul J+ '4rr,.:'ll.il1+'''ll
i'+rq ; Wq- 3,* -urarlr ; ; -ii",.i 4:biij^ Jk'-jlr ;qE .tuii i ; :i iulSYl

,:,jj' .,U t-ls;$Jl L=p 6sJ-r reljLo ,.1o l-!" J-l!l c''usl)t ;i "r-' 
JI"l-, 

' 
jtiJsti 

"yI"iJi-.is"Vi J" ,1;i iU -ur.r, r*t i-r,r"tt c.,r.:tsl)t ;i !-)o elJs, ot:tslXJ o+-n1t

!,, or' ,fl-sr' i Urir a.+ a' liJl ;:lrlslYl ; -tl-s;U .r-le -ir;'.'r'"r lL"L;Jt
.6q-iJl .r*,Jr,ll ll+J)!

?44
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Alkenes 6Li.lSI. Yr 4-g

:'*:-r , (C=C) i+Jr-x cu-S - .t-s.r-F il+t-.r ,& +-r*: L+l^ -x' sUrj-r--r+r o,e crt:.rSJ. )l
L..li: ,CnHz, + a;ilJt };r 4JrlJt ,ru;SX UUr ii,r.-Jtj ,glgfingg eu6- .3yli Ert-!

.C2H4 iJCJ:ll ,ro crlr;<l)l i-ELe ; ..:",

120\a\
C:C

H H

H H

Nomenclature of Alkenes ttU+"yt q-; f-+g

+llnll i+^.illJ 4,j1lll +",,nll t+oi ,.3_tt ru altr:<l)t ,=-^,rj

Common Nomenclature ;ridl i+. .irl 1-1.4-8

.irjljll c,U.sI,.!l cF+ rlr-i t4-8 &+
Alkene o.rsryl

Ethylene CH2- CH:
Propylene CII3 - CH: CH,

,'/ \

- aliJl Jlr,:i-l,J dIlJ i;ia.iJt a;i!t utJ_ryt crlj crtlJ<ttl ill-:;4.jt^tlt iluilt e\r1.'1l-S ,nC$li ,.,<-Fll e+-'l ylene- CliJr", alkane rrl3yt ,,,<!t e-t !t+ d e +jr ane
:4-8 tj.9+ll d e*r.3l

Butylene

2-Butylene

Isobutylene

CH3CH2CH:CH2

CH:CH:CHCH:
cH3-fH - CH2

CH:

- L_r.+ 
"_f- 

qp i.^-E eL^,,,i+ CHz=CHz,:C*rL)r .t ajij.,iJt ,tlsrFlt q^,,,: .S^:j t:r
:"I Lx ( Vinyl group ) &u 1-_r.--" e-t CHz=CH-

?45

2r:--;,.r: r r 
-.e:tlr 

a "'-- -'1, ,r.ci'-
ORGANIC CHEMISTRY

a-*-Ulrl &Jt-{t r a.trrt ,ld.d(tt
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CH r =CH'l
CI

Vinyl Chloride

CH ,:CH'l
Br

Vinyl bromide

cH2-cH

Vinyl Cyclohcxanc

Jr:,. (allyl group ) Jhlll 4."r-+. r.^"iii CHz =CH-CHz - .-,J*:-.,J1 .1^ +iii'o'Jt tc q +-11 f i

CH1 CH = CH,

CI

Allyl Chloride

Systemotic Nomencloturc l+"Uijll {p"'iJl 2-1-4'8

'4jil

I:115
H2C-CH-CH=CH-CHz

6

-CHr

jlsl)l ,r-L)l e-yl *l",jr  ++rjJl a.J.rljl *t' +-rH U*i:*a il"J- Jli -rliil e+ .1

alkene L"lS qk'r d: ene Cl"Lltr ane eLiJl 
jt'rr' I e uLUJt

*t Lt ! 4+rrjJl lLrljl iy" +r.: *: a;+-ril 4hljl +rt orj +yi rl" il-lJt Fj .2

.U a:rs..1a;S i1j iji
JL- o.i Ui ,!+-9-,ll il+ltX JrS #!l U:l uti !+l-., thl-.,r iJ'r,:*" a-".1'";- r-r+.1 :io .3

.t r +ii .r. i+ .+.,Jt ;Li 4lJJt -L k+r .ilu
i.r.r.rc' 6,$3J di, tri,... rlrii-,I ri; ilJJl .ile !+;j ihl-,,.1." -.!Si r3s-9 rre .{

strr+-lliJ,-l5i e.r!"-ill olril .tF,',t-r2:1oa-t+tll ll,rljl rj.tii$tl1 gt ,<l)l o.!.5
il$i,,*ll

cH3-cH=cH2

Propene

CH;CH=CH-CH3

2-Butene 1,3-Hexadiene

cH3-cH2 f
3r,-tr,-tr,-t-bn, 6x.-br-t*-bt,-',C

I

c

H3

6

-CHs

cH"
, ,l ", o 3 6

cH3 cH-cH-cH cH2-cH3

H 3

2-Methyl-3-hexene

?46

2-Ethyl-'l-pentene 5,5-Dimethyl-2-hexene

7 : {...tsh&r+t :ii.o\-c,l\ .\r.orhl.. .J
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a-J-J,arJre r-!.rst I r;f'n'f$lf lrff;l
ORGANIC CHEMISTRY

CHs

cHe

C

.'l

CH. H3

C-
HH
Cis-2-Butene

C H3

cH3-cH-CH-CH-CH3

1-Methyl cyclopentene 4-Chloro-2-pentene

CH

5-methyl-1,3-
cyclohexadiene

cHs

1,5-Dimethyl-1,3-
cyclopentadiene

3

')

135

5 4

l CHo

1, 5-Dimethtl cyclopentene

drljll tJil :st3 6s.,) l..19._!t ot_!.ar \_p;Jl lj.Jtjt Cij.'t-r iijslll eriLlr !^.^: e:3 .6
ap-.plt jr Ailslt *.le jlq :j;j rb3 .e-)l rt-i Cjl C;,/ ,r-t" X clLl ,i;h ii.-+ ;Fr ,.!-r

.iLiJ)l _,i.,-i ll:,rlt t-_..+Jt A C+-.r _r"l-J

6
3

l

4

I

5
3 6

ene- CliJl J+i dllr ii'r ' Jl !l_e;Jl r.:c 
"j' 

il)Jl ...... di , tri , tetra 6lUi.lt ,,r.i.,,i .7ilL +.+11 tiii ;i 6p LS JS* .r.ro Jq lf-,Ur d r+r.i:lr J,rt3;Jl'.rls. +i: e,;r*

Cyclohexene

i-1 il
CH2: CH-CH2-f-CHrCrt

tCHz

2-Ethyl, 1,4-Pentadiene

-l -Medrylcyclohexete

.i:rl3Jl LLl_!l

5

2

4

3

I ,3-Cyclopentadienr

4 6

7

I ,3,6-Heptatriene

7 J.-t.,ll&rl-rtl ra.brl elqSrt
GENERAL CHEM,5TRY: tHE ESSENTTAL pRINCtpLES
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1 {...t(itl!p+l :iio\c,}\ ru5.5l\
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Ols. ,.+ Jlsi :i ",*S-* 
,-ixil ) cijslll ; iJ5jJl *ju;Jl JS,iall r-.;olJ; Jl 1!l;l .8

'.-glJioLiSl. !r .F+ d ,eJs ( butane-2 : butene-1 ,'i t-S 1;-e:-.1,.Jt iJ"rt-.;ll

u)S-n" dlj6.i . i+-l.r-r"ll il+t-!t cj-n..rl-,U !-,- :r=. -r t& ','i"t dil!3 ,\r-,sdl dSjlll
:L"e-r butene-2 r$,xX O!-,str

H Hr CH

HH

C CC C

H
trans-2-butene Cis-2-butene

.l+)l (J.i ( &]JJt JE lt d c}|}-r-.r+clt liJl ri dlLll U.r.+- ) ,;ElSl.^iJt uEe ,.+-ll urs l-s'i
1 lS..,.,,^tr ,i I +-,xtt --.+ i$hi- d)+al+jl .J JErSi hier '(ur+- - cis ) r5-Fil ,r'o 'r; r4''Tii

.f.:1;tf ,--r-nll ,J L;+ i1c oGli+ rg)ii.". Ol+Sy "pljt dpr- O)S.:fi"llJ . tfanS u'l-i
47.5!rj,-112ns-2-butene O$;i+-":iA+-.r':60.3 Jljl cis-2-buteneOllrii+'.rri

' i {t-l

Alkynes dil+tslYl 5-8

r-$ i+-i Acetytenes au#sl ?','tl-6rL,.!J.Lrr C= C 1t3)|3 l+l-u & k:14> +lN
.Acetyleng iC$-!l9j estsi \i3cJj! 6:ult

::r ll 6$toKlt ,3J+rJ^r}+r,F$olleJl t*illrilr efljKNl 0"ilii^cJLi'-lsll J+i'6

' C6H21'2 LtJl

IVomenclature of alkynes ':''lntll,l 
1r"l t's'8

Common Nomenctatu rc -Ar.!,il| lrl.,,i\ 1 -1 _S-g

.5-8 d.l:+'i,Ji- 9 u o*1"':-)l cin"i's i!-+ll d't:.,'Kl!l '-'"'3
l*.Ujll id...,tll 2-1 -5-g

C- +rs: e yne 6l;..Ia 629 d&ll dl+l-l'l 
")r.tilr 

t,lSliyt.r-l J,. CPJSIyI f-l .Ji''rT '1
5-8 c)l+ d lx 1i8)$l rhl-'l

-.,;l-fr ,;"+ l,;:>Ell thljl 1i!)L u-r+-JS'0.,1,: .-,,-,,1i1 ;p !3)r:lt i\t;rlt +'iE :A-L r.Lti d-i .2
.A\n.-ll oto ."+^ll ;p

:=. -: Ol t-F c.-Fl,..1," *i; p, af-J*lt rj;i. gr !:)t5lt aJ'rt-,;Jt iy g;rt-i .lie . 3
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{p_;t Or_F +,Si ..,- iLLJt iJ: ir-lt .="i gEJl;- a.r=-.,e_.1 t'_r-l_r l$)ri lJ.et; :1s3 :.to .{
i.J-". rjll lLtjl

{--r+- .+-Ei u. i+ 
n+- -,,11 gL &ilt & i-rtt d L.. -r-.: t'_r=i: +J)3 iLrlJ djLi r.io .5

. cr:-. : gi iJ.rg,,.

. oCiiryl o.i:i:.L l+. d+l gtJtl jyl3 crErJsJ$ (AJ 4#lAjtt t+"dr :5-g &+

cH3-c:cH cH3-c:c-cH3

Ethyne

(Acetylene)

Propyne

(Methyl acetylene)

2-Butyne

(Dimethyl acetylene)

111
cH=c-ct{z

cH"
.l -,
-ctl-ct12-c rL-CH=cH-Crh

2,4-Octadiene-6yne
4-Methyl-7-nonen- 1 -yne

cH3-cH-6:g-CH-CH3

2, 5-Dimethyl-3-hexyne

(Diisopropyl acetylene)

2,5-Octadiyne

CH i"3

Aromatic Compounds a;:uj.)Yl .Ls. J.lt 6-g

eli3 1.6^11 Jg; 4+iHt L_-:Jl ,i+l+4sl sLJsll slc Lr.c i:i. L3;yt arr..<_, Jt JiiJ 
"iLLt:...r:+-rSll .:135 g^ turs^ k-IiL;1i 6i fut.l. drLli,ll ora OJ53 $ .r':dl L;il . ilt

drlJ: j1a ,_91ii i-.! 
"* _,,iSi :j i-,;i kiljiL !+Sj ,J cJ=+ i;r+i. Jr. dr3Sr Sj -tii &+3_4sJl

.c+ 6ll_r..r;+: qtll: O",.,+*,S)l &.rs3tqll: c.rs_6lt

( !])l,tt ilrjl drtl ) LlJj+ll (rr;l.r " 
, : ; d ;:r" (Aromaflc) il-rJl el!.-Jl ,J-.\

, OCH3 - & a$i- eLo,r"+- *lc rrl-c gJr,.< lt DrA .,Jiisj jl crf:fJi u- A.-Ej,*Jl
i slr c. a:i yt -C6Hs A;;iul:r .f: ul"ar^-r Jt ... COOCna . COOH_
d,l: ri a.-jljl t+- ..r:s 6i u! ".ra, .-C6Hs k,n ,jlJt J .ej-:,.9;i ir-,Sr* ._tt_:Sr

e49 : ,...t-itrgrt_At rLblt rl+r.rftl
GENERAL CHEMISTRY: IHE ESSENTTAL pRtNCIpLES
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I cn3-ctt=ctt-clt=cH-c:c-cH3
qj

cH3-c:g-6H2-C:C-Ctn-CH3
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alt-Jl -Lil ,d-i+l ( 4+JL ) ld-Fll Clt^Jl iJg "r"!l 
lrA r'i "lll 

i iE lJ (i(+rs a-jlJ
.jurJl fi 9 L"S d"tDJt

Structure ol Benzene ,r^All ''t<-tr 1-6-8

Js,i *L k-.+ e" ;JlJsll (1U: qJ.-s ;.)irlt ,.J: i$L^:t!t eJl+srJl !.+i CoHo .lj+ll -+
;rrjJl ,:l;j ++ 6* ,;i,-" eqgj+ .11!lJ ..i-.3:-./lj t-!Jl .L113;Jl a+ d:$l pJi::- o--l:*"

- ;r.6 l+1r.,; Cl.+; .4+*lt Sp2 J).ii ',tJsll Jrljr J"*i-,n ll ,:rl3 3 ii..r^ -J ,r+r.:+<ll:
C=C 4+::,.rJl al+t-,lt .r cjrti *"-r , (139 A') CII: .J:!lt d !-rl,;" +-r.lt .-+ Oe-F
reri" ii JliiJl .i-nuJl d4Jl ui-l .C-C (154A');:jJl L!l,/l ;l. J"-!ir (732A')

:*],t L"s Kekule al-.S-6 \jju)l ;l+Cl

il

a.., r qa ,'r ill .:i-'iJt ol-,ill r.L 1-<i !J!l 4:;Jl3;uJt t+S):ll I , ll j)S-'ill Lli"tJ
.:..,ur nslyl ji .Jc 4l)-rU a;L a-Lil+-i o*"1.:- gE L ;;;jSl 

"E4r 
dl.l . | , ll itr" 1.:Jl .r- Hybrid

.DelOCaized 
'JY''li' 

Jr; ri t$;*' ;c

Physicol properties of benzene o,,,;&! iJj- L;dill (.FlJtll 2-6-8

Nomencloture of benzene derivatives +j"lll crti:& ;"-.l'o; 3-5'-3

' i ' "l r 'r., ,isl oi ,.r.s, o r:.ra ; ,: .il:r:-t a-rl + ...A .'r 'iJl i:rGf:i.D$  :}.rr.j LE! J)51 4E )a? r
:+ lJ o" ciYls g).t,.ill.ia el[ii,j"Jl

A-iU,i slJA J! JJ-l:-.';4 l:13 po 80 :i. .jlH .lj+- 4+JtD i-jll-9i ,..,1jJll p'':c .-l'U ..pj+ll
!6+ a-:l .''J-4+..:,Jl ciLlul *-"e-e'1j^;a.lSletJl o.s r.rU:Jl 6:=i-;ra-reo4.5 :.',c 'e--n

.J. i+rL! -Li q+"J ri Vl .:;l ueJs-r.l1;'-rJr+A i.,..JJS^ a-,) eIl:J *+t! * q-F
.Tf slj3 nsll .jlo 4jlJis) i,,.r,:,,J1 .:,Uy-6:t+<ll

,7 1 i,t{ilt&r+t :ii.o\3}\ '\1c$}l
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES-
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a-r};,Jr eL-lqsjr ; tln,[-fi]l[l jr:,,t 
.l[

ORGANIC CHEMISTRY

a5l a-,,,.,,t-lt grt ltl r futrrl e li.Jstl
GENERAL CHEMISIRY THE ESSENTIAL PRINCIPLES

Bromobenzene lodobenzene

O2 H2CH3

Nitrobenzene Ethylbenzene

:di" l-jtl e|.rl crli'i r Jl ::L $J

H3 -CH IIOCH:-2 s

Toluene Styrene Cumene Benzaldehyde

:ttlt j.Jt ,Jc Ir",,xll uJS:! LgJ-i i'y+- -ri 6-A ..l-,. -u*r 6Jj Jt'ir,,,l :ie .j
e*:it L"S a5a i"ls .-)l rx+ ei )rl 6r-!ill ii\ lLlll ie ""+ll i-t j:,,1" C)1".-)l i

.U" UJt iJi")r rJ.



Phenol Benzoic acid

S

L

_CH:

Acetopnenone Aniline

Benzenesurfonic acid Anisole

phenyl L!+ r-)l r.Lr ,xlrill Ac-."+-ll d +;+lt l-iL ,.,i,6,1i ,:",--,,; gL,-, !l ,-,-+ .orj

. Lt."j ri el',i e-l kl .*l &jJl iiLr 4tl:nll ior.r ^ll sils lll A,-li

C

2-Phenylbutane 2-Phenylethanol

,4: Benzyl ac -."+-ll dll ,r^.,,1! dJiJCl r.J"iJ" Lej ;- o'i i:rlj g;;JJTS iJi g)rir"'r uJS Li

*^.,-ti #s..-l.1.44 crlJ! &)^3 dl+i-l dJF Li ,$gn22l .+.d ct+-l:f$ ,tJi Jl+i"l aJL

.Benzo

a5e

L-.

:,..,t-ltt 3rt{1 :ii.o\-d\'\qroqs}
GENERAL CHEMISTRY: THE ESSENTTAL PRINCIPLES
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a-r-$rJr e l+q$Jr r dtllLtll tl-- Jtl!
'AlR@ANrereHEMlt'StiliRf/

)

Oi" La +jj t-J (r!S_x !.:X .:0... _r er+ r!.i i,jil+ ggc_e*;" dljdl aiL J..ji L"$o 2
*L: (o) ortho -i_r-rl eLilt +iJrt .Jl arie ""+Jl *b "ilh: .liLlt *L :$.."+Jl
,jLt+i JrllrttJl ;Uca ;-Jt L"i (m) meta 6!!Jl t:.=t_e Orpjs rJi 1 "61. ir JJilll J:,lc *+ll
i,jic."+Jl !+J+ jl+..nii,:+ilc" et-lc_e;Jl Jrsj L.l.lcr .(p) para lrL tliJl t<+lc

e*1+ e-)l p!ii;3 ,irslj a--r+- _f3.!.,i .BenZene {^lS e-Yl ++ i A+.}r)t G:!!
4+l[il] alj.)l .# t-S .jir]Jt .jci,L

Benzylchloride Benzaldichloride Benzotrichloride

CI C 3a

CI

O-dichlorobenzene m-chloroethylbenzene p-fluoroiodobenzene

B

m-n itrotoluene
,r-bromobenzoic acid O-chlorophenol

:o.! L.S i;U:rJr !-Jr a;i: k l.l -cHa Fy"+. .r 
"+_r 

eJl-s .,-ij

O-xylene m-xylene

I

Noz

J

L-!4UY| &JLrlt r a.hrt e l*liSrt
GENERAL CHEMISTRY THE ESSENTIAL PRINCIPLES
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p-xylene

zcl

"CH

3 OH

o"

TH:
(Hr
-Lr-)Y
CH:



;J:ljiJl AiL *> s.ul _.,:Si ri iI+ sb_r-+- a)8 Stra .:rils l:l L.i

3-chloro-5-fluron itrobenzene
i -2: --le 3ri: Jl , 'i i J r.:jJl 4-. ,"+." )

( 1 *l .rr.Flt

1,2, 3-trichlorobenzene

.*l-l
1,2, 6-trichlorobenzene

2,4,6-tribromophenol
i .r -t .t!i .i . '- , I .j.rill a.c ""--"/1.-L

(1) i.l.r+Ft

6

5 3

2,4, 6-trinitrotoluene (TNT)

t-.,1 .,L t! ;ri .,,r,, ,li+.lt .- r-+- )
(1 e: 1-,1-rilt

tmportance ol Aromdtic Compounds 4"!uj.,trl ct!'sJ.,ll 4Jd i 4-6-8

,.1;l-dt:J,JiYlrJ+illr.i.[J+ll ur.-LrLf*iorr' t| ,=++$l*:-lYt e!!S!l ,i^is&ti

,'!re .;Jl g:-t..
.r-rl-l, irrl+li

7 2 a,..t{ilt&r+t :iio\rl\ 
'\.r-srs}.. .J

GENERAL CHEMTSTRY: THE ESSENTIAL PRINCIPLES_...-

CI

4

Br

4

1

NO

NO:

/
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' iJ't.J' eLnq$Jt f +:-11
ORGANIC CHEMISTRY

,$; d-sl ,qr.r-lt ,tr 'r<tt ,Jt+- rr" +.a- ilJ. a,jL"JJi nljL .,lc L.ri.,Jr crr.rslr LEsj t-S
iiL 1{* + C oUJ:lt tltL. ) qlj;r.- _a,;;^i rtrL"-i eIUAJ (dslt diLjrtst j ..Jc.Ull ...1*

.u_t-pltl .ttiAJjllr JHjyt J"ijlilt JL .&ji.l

N

N

o
o

No

Tryptophan
Phenyl alanine

N

Tyrosine

el-riJ i.r-1j r;.lli_r+>-r ;S)i .I$ crlix|;ti agirll iiL grrr I Jc ul-!)l j+,1 lJJi]J

Functional Groups

.,jl-ryl

4AErt cr!rj.+4!t 7-g

u-.rl. ^rll jr .illF ctlJl i.cJ.s. ,i ;_.,ri *_o-9 ill*il| c,Lc, 
""+.Jt., 

GJ"l li+L" !l i-e."+Jl
+iet';+ rJS*,r$).tilil tri!r"nl 4+Jt a:i+L!l ie_."+Jl a;iir g_..-rJl +_Flli;cCl
.&ll ,Frj # & .rlrJt .r,i] qJ i.,irL.. Jt i. ,"+-ll u*., ._J' +-I.: Jr sr-6!l ,..,:S I .1S

A-rirL.. jJl ..:Le_""rlt .,12i ,"xi" .JS.Lj :_.,p,: 4-g Jj5.lr -s_,

o

o

e5s 2 +.-l.,ll&rl-{t ' 
a.brt e ld.isrt

GENERAL CHEMISTRY: THE ESSENI/,AL pRINCtpLES
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1 J.-l,slt &rt+t :ii.c\r)\'\r.or5)\
GENERAL CHEMISTRY: THE ESSENTIAL PRINCIPLES

.:iJ&ll sts. J.ll 6j#.ll d+irEJll cirj.#l :4-8 &+

Family
name

Function
group

Name
ending

Example Name of
compound

Alkane -ane CH.r-CH Ethane

Alkene -ene CHr:65 Ethylene

Alkyne c c -yne HC=CH Ethyne

Alcohol c_oH -ol cH3-oH lVethanol

Ether c-o-c -ether cH3-o-cH3 Dimehtylether

Amine c-NH2 -amrne CHr-NH Methylamine

Aldehyde o

c-H
-al o

il
cCH H

Ethanal

Acetaldehyde

Ketone o
il
cC L

-one o
il

cH"-c-cH
Propanone

Acetone

Carboxylic
acid

o
il
C OH

-oic acid o
II
cCH: OH Ethanoic acid

e55
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!.!tilt J.AaJr a!-i 8-8

sA l-.l.Js cF i+...-tt qLr. yt jil
;9 rrii-dl .rl 4yb qS. -lr.rr.:+ Fti i,. dJi ,1

L3'..:lt CJt$+.lt Cr qA L. g .2
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PRACTICAL PART

HCOi clu}.Jfull

tlJqJl r.JJlstlr 6r -1
j.r-Jl :,.r -+ri .,,...1_., i osl

2NaHCO: + BaClz + BaCOs +2 NaCl + HzO +COz

tJJ*jel-.ll 6EIJF d3lr. C. -2

. etJlJsll Jl crElJs:#ll Jt:.l 4+,itl ,-ui-l11 :,.r .,:+i . 
, 

,. .,t, g Si

NaHCOs + MgSOa -+ Mg(HCOs)2 + Na2SO4

Mg(HCOgz -+ MgCO: + COz + HzO

,'rlri jrl r.,-.rJS dJJ! 6l -3

'ilrl- .ll GJ .fS;ill :.r .;o.s.o.,.r1 .+l_,r.t 
-nli.

4NaHCOs + 2HgClz + Hg2(OH)2COa + 4NaCt + 3COz + HzO

i;ill €lJii furr. g. _a

;iJsl-^ll G3 ol ...,...,1t Jl n"rUI+ rj__..:.,:.. ;t1 crl,ir fu u^ !,:":yl ._r^.,1_.,1 .-t:Sjr

NaHCOe + AgNO3 -+ AgHCOs + NaNOs

AgHCOs -+ AgzCOa + COz + HzO

AgzCOa -+ AgzO + COz

.S2- st+iJ_.)Sll

a+/ru:rt &rt-{l ! a.hrt e L.rsrt
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I
l,

'iJrUJ lii3 . ;lr lt eL-!;Jl ,;,--s 
"-l 

,;3q {;ill +S-1S .r. 'ry*i ',' "t; ;;S:l

Na2S + 2AgNOe -+ Ag2S + 2 NaNOs

"FL.jl s)-.' dri.- C^ -2

.J-l-jl +*JS J^ :3-i .-',,1.,,1 ;.Si+

Na2S + + (CHaCOO)zPb + PbS + 2CHaCOONa

1t;-.) aje: Jl 'I-:-*-9 n+ ,J J-" e- -3

'a-hl,^lJ'Gi3 *+.,d+ iri j-JJt ;iJ:5

Na2S + Na2[Fe(CN)3NO] -+ Naa[Fe(CN)3NOS]

.Sz 03- €,E,-.rPs. J$ll

i-:ill .r|,tr .J J.- C. -1

Jl .Jr-*-r c,q-,1$-r;ill r'Jlf.- .t lrliil j 9j:; i'slt c'q 
's. i cl' ;6+i ..+l-l cl SQ

.l-blll +ilJ-)S dr-6i l+ix l-iil .i-i l5l U-,i + +,lJ

NazSzOe + 2AgNOs -+ AgzSzOa + 2NaNOs

AgzSzOa + HzO -+ AgzS + HzSOe

.rL--ll ;i;is J Js. 6. -2

.rL-j I 
-jJjJrs 

ir :j*i ,,,,"t-.,y Jl .JJ-+ "F--!l sqJ$J+: ;,)' .-r+i .+,,1-.r ..,r 5l

NazSzOs + (CHaCOO)rPb 1 PbSzOe + 2CHgCOONa

PbSzOs -+ PbS + SOz

(6j+.. ) ,ii+.Elt .tr^dS j9!u 6e -3

*-iiirj a-eJ,.,+ J:+ o;,,,+ .rA J-J.JI ;rf+ ell+olr +-r:ls ..jA'JJ'i J'i &L;i :.ie

. jr+Jl +-.,rlS .tFt JljiiYlr'.r.,,s>l {++!

77?
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PRACTICAL PART

2NazSzOs + 2FeCls -+ NazSaOo + 2FeClz + 2NaCl

SO3- +rJJSll

estt;lt +,rlSe _1

+tr'Jl ur"Lrll oi +3+ e*_tl+lt ,"ri-,r$ d,1., ,j"#i ,,,,,,t-1 .t.lSjl

Na2SO3 + BaClz --> BaSO: + 2NaCl

.rl..-_lt cJ)i JA C. _2

;IJ:UI i.:iij, i;r lt dLJ_idl g,..r j.+l+ !rt"-_!t c*JJjJJS dF ,_'a+i ,,,.,,t.) g3si

NazSOs + (CHsCOO)zPb -+ PbSO: + 2CH.COONa

i--bill dJtJ:j J3L- 6. _3

d++rsll JA.l^ 6rl+jJt (,! -_r\ 4;!lt qJS J. ,-,:*i ,,,,..r_, Jrsil

Na2SO3 + 2AgNOg -+ AgzSO:* 2NaNOs

NOtcf;Ji+ill

L:ilt drlJit e^ _1

lrli-ll eUl d -. -r+'.' ill +_i# u,. ,i.-.,+*i ,,,,..t, J:Fl

(6JJ^ ) 5-rll cLUSll o:".r + e:l-E+lt .!.r3; LIJ,L- e. -2

iJ:l-,-ll ilij + jjr JJs-tt JJJ+

NaNOz + AgNOs -+ AgNOz + NaNOs

2NaNOz +2 Kl +2HzSOc -+ lz +2 NO +2HzO + KzSOc + Na2SO4

e--lr4rJ I c.-?-lt I .'::. ir ,-'-

?73 a1*ul,r gr t-,tt rfutrlt e ti.r+gt
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(6-'!..) jsJ.ll cl+J$ll ub,os + ilFll a-:irs jr+sll ci+JS JrL" C^ -3

;{J:L^lJ'!ii3 ;JJXI 4;a ,i ,l ,^*u iiL O-Fs

NaNOz + FeSOa + HzSOa -+ [Fe(NO)]SO+

cNo-suli-Jr

a,-bill cJljii,J!.. 6" -1

. iir Jl dLJjntl u'-.r p +3\ L:ilt cru!-,.J. ,-;.,,1i ',' "t1 jrS::

NaCNO + AgNOe ---AgCNO + NaNOg

CN-cl1+$r.Jl

t-ill irl-E.J!.s- C. -1

..:lrJt . slr,,tll ;-".r j +e Y {--aill +!- J".u""ui ,,,..t.,,1 ;:S::

NaCN + AgNOs ---rAgCN + NaNOs

jr+:.ll ci+JrS,:J!.- e -2

.J,. drlJJUl .-;.*r i.iL:l s" (f+--t> ,jJji ) .:l"r+r.ll if!-4l' .l."ilji .-+'rlJ .JJSil

.. '.ir -ll .rlllrrSJl !,i..os. ;,1.{ el Glll ';.+ 
ilUl i r,:. !-1t JyJ-." Jl jJ+sll .ltiiJ.6

CIOt,:,,lJJsll

irlllJiij -'t

J!.- alUll4je ' ;'"<ll .,is^r.g:lt :;-.1rJS!t rISiJ Ait; i.rJi'i! ;olJJSll j*s"i Jrc

.a;ilt +-r';JS..r -6*i ..i-l1 UjSi; ''tr- i;ilt c't-r:

6NaCN + FeSOa ---,Na4[Fe(CN)o] + NazSOa

3Na4Fe(CN)6 + Fe2(SO4)3 ---Fe4[Fe(CN)o]s + NazSOa

3NaClOg 3 U"CtOo +NaCl +2Oz

NaCl+ AgNOa -,NaNOs + AgCl

?74
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PRACTICAL PART

ldentification of the 4tAb..t.rll &Lill U.4"j- t.:lt ;rj.+.ll 6UJ:\ji ue ii.isill 2_6_9

2nd Group Anions

c.,U1oi ,.t*"i i- -*+-ll ,rA JiJJ jslt , 
jll:Jr(ll J,--i a.e J.+. a, . +^Jl .:a c.,Urgi *Jo jJ-tt

:..+l Js_xlt HzSOa dE_,,Slt ,*-- '!is rci<lJ, :i:.Jl HCI ,J:^s+ jtx ) Jtr
Chloride - (Cf) - +_.rrls -1
Bromide - (Br) - *tt -2

lodide - (l-) - +.y: -S
Nitrates - (NOr) - 6lJij -4

Thiocyanates- (SCNI - d,Elr-r3 -5

The Moin fest 4l-l*.yt L.-n:tt

._F_).ll dlSJSll ,;-"si-c_.-+lt .;.16. i..ii_.rl$il Cr+i Jl .,,r. rr ggr ir^iL.1,^q^5ri

0 Li,.t!JA

..n+r +cll +tA jti JA iijli A-rjtJ 4l jln ,j$i,,6lL .ul I _1_23I{t ;a"i i.1t- o: _1

.31J4;J'j:.rc. el '' ,l .,,-." o!+ 3 ct!-.,;-!l ..p-.ill .:Lrc a:-rr 
r^-; iq.-&s* 6.:i

.eljdl ,,j iA+ oi tx t i_ r.)l J J.^,, ilL

Jl JJ..+ 
"5:Jl i,si=,pxJl *-rr jl- $ ,.ll I apc jb -l .l 

"1.-t_.*ll ;r;.,i 
ilt- j -2

.J... €+ J-1tr,l-J-^ll..,.1J!1 -,, "** ji tti:2 _1u

J:+ .p". -l-,,.1,6Jl q.:jg jli :r OJll e;s jli , :1 lr ,.ti,.,,ilt C. 3et . -,i r.rdt g,;ui ilL i _3

..i-.1-1Yt ;ll Jl i.ldti ill" i-iJr J-,.; g.Jl lz $ .tCt ,r+."ili jtr Jl

NaCl+ HzSOa 1 HCt+ NaHSOq

HCI+ NHqOH -+ NHqCI+ HzO

2NaBr+ HzSOa 1 2HBr +Na2SO4

2HBr + HzSOa -+ Brz + SOz +2 HzO

: ,.-.1*l,r ffrt-At t a.hrt e td.dIrt
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A
2Kl +HzSOq--+2Hl+KzSOc

Hl +HzSOe+lz+SOz+HzO

+r.^ill J,riJl :+ Jrl+: Qll +t^,Si ;11 jli -1rl Jll o+ jli, :eL-i rrtj:ll OeJi lll-' C -4
. rr;.. .3r-.1i .d+ cJ-jI'Jf .LuL 6^ .-rlJt 'o:l-.2 I'iEL i.ii+ll iJ+)l rlr-Ji3

!r!l + $ll +.,Si .,:tl tgai ,3ljLe ':cL-o,r 6. +ri &lii !31-i '{aUrJ 'r;ill lll-'; -5

. Gc* t-s aje ' : r<ll Ji^J

i4,ls- i:tt -. -)t-:lt

CI- r3lr,rJJJSll

Jsll dlrlJsll ,-i..es + ,,,1 lt jF+:.jt U <i ;B 6. -1

JIJII "-3'r l-i' aJ g-rJ lJlsll j!; 1a u-b!. !i,-l jl-c &1 ' '!t

tGill (llJfi,JJ-- y -2

,J-nl o:;tl .+l-!l .r>.i lll3t+JFll d!..o.ir',,J+A':ill +JJis.J." tq,.,li .--""1-.l g Ss;

,"+o+lt OCt J)

NaNOe + HzSOa -+ NaHSOa + HNOg

A
Cur.r + 4HNOa - Cu(NOa)z + 2NOz + ZHzO

2NaCl + MnOz + 2HzSO+ I Ct, * 2HzO + MnSO+ + Na2SO4

NaCL + AgNOs +AgCl +NaNOe

.rL-jl o)ti.j!.- 6- -3

+-,,$. ! .+"-r+-r +i;ll+ ,-rjq ..,-l--il +-rA ..r '=*i ', ""1-: .l 6+

776
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6r FiLt I l;r1T --

PRACTICAL PART

2Nact + (cHscoo)zpb _+ pbctz + 2cHecooNa

f,7-crl:;.ojll

jsll cEJSlt eL:"^ + .,,t. ll ji$+j.lt ,,1.,<i 
*.J13 6^ _1

u^,iJl -2!j: i!-,,-r ..,:l 4;,g.tt eJJJt jli y ,_t:!t JE-; ri J*,,s+ jti :cl r,

A--Litt Clt,)jj JA e. _2

.. :ir Jl ,r! q$lt ui.^r; rJ+ yr f+-r!r Jrg" *J s!+ ,i.-. ,-++i ,+.,1_2 0:6l

.rL--,,11 cr)-: J_/-^ 6- -3
+_21il! .+^_t-._t itsi.ljlLr i+ L-j I r*t+ d4i* !F#i .,,,.,1

-., .lSl

I-€t+rct

et;EJf ,-+s o: -. -r+ )3 Lrr. j^Yt ,JA ,; r,r3.1) i,":iJt -""f*' H 5 il
.. :ii. Jl

2NaBr + MnOz + HzSO+ --> Br2 + 2HzO + MnSOe + Na2SO4

NaBr + AgNOs -+ AgBr + NaNOs

2NaBr + (CHsCOO)zpb -+ pbBrz + 2CHsCOONa

Nal + 49119u --Agl + NaNO:

.rl.._!t cDri j_/.- 6. _2

+-r!. l+.+--rr"-l CtA.,,nl!,J. J+.r1*-!l +_* # ,i.-i .,,..,1J JJSi

2Kl+ (CHsCOO)zPb -+ pbtz + 2CHaCOOK

-_ 
t .+sul,t lrt_dt r Zrlrtt e lJri(tt
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(i-.)u.. ) Lrp,l-ill ,J+-rrS JJ.- e^ -3

"uo"s! 
,,,'.1.1 -,,+h NazSzOg d J.- iiuLJ *+ J, Jeh

NOte,lJ3l

r l.;r.,,ll iurJl i t l?t -1

dl*J$ll ,4"- + '.).:.ill e+s j3+sll sqJS dr" + &liill .ji'*.1."J'"1e'!L4

;,/l 1* -ri ,l-r^.,,, liL OF li-x 
'qJ'!-yl -,r1.+ *l' trl-F-!-F-rll

SCN- ci-q-Jill

e!+:.ll +rAji" C. -1

,:l*:.Jf .,f:!-a3,JJri rF. J i+$.rJ",".=i ;3J .,!a

a.-bill e',lrii tJrt - 6^ -2

.i;ilt ,:U!--* jpo .-i..,ql ' , "'l-.r .l 6l

4Kl + 2CuSO t --> 12 + Cuzlz + 2KzSOc

NaNOa +6 FeSOe +4 HzSOn + 3Fe2(SO4)3 + Na2SO4 +4HzO +2NO

NaSCN + FeCl3--- [Fe(SCN) ]Clz + NaCl

NaSCN + AgNO3 _-AgSCN + NaNO:

"74
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PRACTICAL PART

ldentification O1 fts ;:*a.lt^lJt dUi,.ltl g*:3tiJt irJ.+l]I oE.lriii .p i.i.,ittt 3_6-9

3'd Group Anions

SOi- oE,,JSll

t-r--,rt+Jl r.,..,rglS fuir y -1

q:r'Jt ;,al-s) t d r;J+ ) re_,,l+lt 6qJS.J..r:*i ,,,.,,t-r ;rS:.,

NazSOc + BaClz -+ BaSO+ + 2NaCl

i;ttt otJij,gu y -2

r"r:.u".lt .pLr)t gp 9J+ a;ill c.,qJS.l. ,_++i .,, "lJ UJSjJ

NazSO+ + 2AgNOs -+ AgzSOa + 2NaNOe

#1..-ll oli, dA C. -3

e,p-r!l s.,)[i j +3+.rl--.Jt -qJS.J. 
",:.+i 

,,,.,.tr;rS:.,,

Pol-dj-rilt

eg_,,l+ll + ,!S ijrl* C" -1

4dr,.ll di"U-!l ,/ -. _l+ .!ji+JJ+dl urJLll gU*JA .1. ,6+i ..+lt ,,,, 6l

i.:ilt cJt_E cJA 6. _2

.Lj. Jr"!l J!:.J, i;r 11 ,r\r1Jl Lr.,"ro.i.-r. j\ _ri.-. ,-;.*i ,,,."t-, g$i

Na2HPO4 + BaClz -+ BaHPO+ + 2NaCl

Na2so4 + (cHscoo)zpb _+ pbsoa + 2cHgcooNa

Na2HPO4 + 3AgNOs -+ Ag:pOa + 2NaNOe + HNOg

?79 a-sUll &rl+t r fulrlt e Lraesll
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''!u.'-ll +->ls e,. -3

!i:,,"lt ui--!l ,.t' -. -t+ elq.sJl oG-3ri o.-,,;e.-. ";.*i ,i 'i-i ' , " 'l-2 ..r-rSir

Na2HPO4 + FeCl: -+ FePOa +2 NaCl + HCI

B+o 7
r:rl.uCl

e_pl.1ll + 'rlS,IL- C. -1

cJ J.. gr'.irj ,J ,-r. j.4 4.lJl fg-,rt+ll c.,l-t-l.E;- (..]l. r.,),+,+l c;-l-) O-,S+ c.rlJCl OJirji alLi ;
.rlj+ll +'JS

NazB+Oz + 2BaClz -+ 2Ba(BOz)z + 2NaCl

A--aill cJIJS J!-- e. -2

d.+,1-.r Jl dpr..,il't dJ,.+J Li- J.)l jA./,J. J\ Ji,-. "':;ri '-""'1.,1 .l-rSjl

NazB+Oz + 2AgNOa + 3HzO ---2NaNOs + 2HaBOa + 2AgBOz

cl "':'ill lirtJl 9 ','e lll Jliti -3

elJl Jl \r-1,r")l J-Slr .1. & S + -F>Jt dl;ir$ll .-;...s d. LL 1 {il;l & drlrCl {ll-: .n'i

BOe(CzHs)e &iJ. )! crlJj JrSl 1+$ el2;i tit-' :: +C xl+','t ll

[ds04]3- c,l3rjJjll

e-*.r!ll +trlS .J J-^ e -1

elJLJl di-i+Jj ir,-i+i .+*l-r.t-A

Na2HAsO4 + BaClz --- BaHAsOa + 2NaCl

i-;ill .al-E &L- e^ -2
arj.:,-ll uFL"-Yl d -. -r+ s-i+ ': " 'lJ G+

2Na2HAsO4 + AgNOa--- NaHzAsOa + 2NaNOe +Ag3AsO4

a-{.Lirt irrt+1 ;iio\r}\'\a-or.S}\
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I

I
or

I

ldentifiCatiOn of the BaSic rlr'-;tt 6f.f r or a1s6lr ,,iJi.,.ilt OE . ; o-<rt 7-g
Radicals (Cations) in Simpte Satts

u+-l-rJl

sl+-r-S

ll 'l .,(r-).rr,l

a,liSJS

irJ.+.Jl stils

e-tt-lS; _,,"#l .i,^rHC I

rl:_,,-rls_i.,1.#t .;-*H C | +

.r+3=;qall ++-rSHzS

NH+Cl ,. 
j5.e"i qrrs

NH+OH e;,5-yi .r .<rJ+A+

NH+CI p.1l, j^i +rls

+NHaOH a-pr"i 'r ,<,r-.:le+

HzS,-l+-l-.r+*a +!-.r$

NH+CI pe1, j"i q 'A
+NHnOHerr.ri +J-9-.,+o

( N H+)zCOapar,3.l -L:9-.[

.br -i,.ilS ls, Y

,psttll ,r.ill

j:$i-rrL-:-i;i

- p}..rlS - n.2"1 - u,,l-rj - &A!j

,. -: _ Orn li _ g-.1..:

irJ.+ll

JrYt

i 4,i- Ell

+:--aj_6-e.Ji"Ji aIl

'ebn _ ar*Jti_Jls,! _ dL.rS o-ll-rl

e*-,:l+ -p3+i:l;F-l - .9Js a*lJt

.!i -e-*"ti* - e-.:u".lr- - e-+^":il-

err" Y"Yl

e8l a i...l.lt&rr+l ra.hrt eu.rsrt
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PART

,Je fr$lll hA r"i'+J .eul J,l^,,i ,,.tr a*r- crLo: +. c!,,, Jl 1+ j..,:.r 0S+ 4+relill JJi.ill
Je,+ eU"l: ,lJl ; Jryl a.'-..Jl c,t+JJs +ls ) lE l ,iJt i C)^yt ._ ;1t.9 JLt
1l^ .-,Jc ,,,..,Jii AJjUll i& _*+-lt cllSJ c.rt+ ulS 4jr,A ,-J, .s-,1r}l 619 ."+^ll dy: 16t. iJ t{+.r!u:
a+olilt jJi,ilt Jc, , ;.i<ll 4jJ,.fI.t .r-,^,yt dE!- C l-S-l l.Set .'r-:Jt L..,Jl ,./ c.l++JS
4-e *+Jl .i,ilS p-1+ i- *- i+i !.,J-j cJ d",tu: \r$l ,.1t, t..-tf ,i ,lJ.^tt ,_-*r, r*f. 

-1,

:ld jJ. ll , r.ilSlll le,.+.LE c.,t;U C..r cj-,,rtt-r

.qst.,Jl ee g tat;j;att !.iilJSJtJ qsEI 6.l&}tt :2-g &r+

LrLJI



I
IL

-tI
I

ldentification of 1"t Group cations l3fl i,e.5r;.lt 6i* ip!j.r,sll 1-7-9

.r*3S! i$l-r Pb2* , Ag* , Hg22*.F-,,11-r 'yI-lll l':ill c.,,l-'-iui a'r'+Jl o:a rx
.. :i:. -ll eL-2jlS3 ,:ldf ,Jr.s{ ldJ. Lr- Ll. t . rie elJl .,.i \JJJII t-+- i' sl+lrK

Moin Test iptlU L..5:tt

r-iii..Jl,llr--,gJ53.,,1+{ll,..Jaa : ie J.l+.ll !i'''itl

dli.lt.4 uJ.r<JJq+ll oL. iF &l +J+il L.$i sp el"ll drlr. 't1 eA
:-o.ul,Llt

cr)rt -ll liil,rllirtjll +-,r-JS:,rl--,Jl .1;3,15 ,L:ill +J!s u )S ir r;"*l ',""1-r 0:$
.iJujt

:eEji-Y!

(Ag- , Pb'* , Hg22* ) ieJ.+r,tl o.t .i-# rti +g
Conlirmatory Tesl5 lgsi:lt eiaill

i;ilt Cy.i

KzCrOe aJj-,liJill eL.# t. -1

6.11pJ,.Yl ++,SjJ!a sl .iJ+ i.:ill cit-.-l-S rJ' i^... .r'''9 '+1-r 
i-ill --L'i

2 AgNOs + KzCrOa -+ Agz CrOa + 2 KNOa

Kler;*uCl{t'9; 6e '2

e-l+-r)l ! '<JlrA *r +J+ ) i;iil +r.g J" &! )i'-i '," iJ a;il! .i}'l

AgNO: + HCI-+ AgCl+ HNOs

Pb (NOs)z + 2 HCI -+ PbClz + 2HNO:

Hg2 (NO3)2 + 2 HCI -+ Hg2Cl2 + 2HNOs

a8a

AgNOa + Kl -+ Ag I + KNO3

1 a...Ultl &t+t :iio\-.J\ r\:-o.r5}\
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b (NOs)z + Kz CrOc --> pbCrOa + 2 KNOo
P

u.t-Jt g)ri

KzCrOe tLr..UJ+ll c,LS,.rS c. _1

p-r+-r^Yl !'"<-r-.p.a sJ rJ+ y croL-jl .:.r.r3;..,1^ ,i-i ,+"1I rrL-_!t c.r4

Kl psl*E.*ll *Ur C. -2
.-,l+Lll-l +:+.rl*,!l .:.r:y;- i.oi ,+,1-r cpL-jl ,i-lSr f-+

jrn!, jll C),i

KzCfOt tJr-Elll c,Ls.,rs ge -1

Ul+14,..J. -rq iJd,,ijl eLJJS 9. s+ +lJ j-:"I_ilf i,A

Kl p3;-uspll +!r e _2

' ; rKll rr i"t+jJl ,.+ e.r. j4 j-oi-rj. --!l g.:jg,_.1" =,lo.-)lj Gi)l r.1;+ ,,,,,,r,,r j_g+jl OA

ldentification of 2nd Group Cations fuljlt i-cj,..lf Orr-l O" , : r<|l 2-7-g

.C"qiic-,1s a$c..- Jl i4.-r-ll DrA ,_Lo f.,fi
Hg2.el".i..i, ; , Bi2* &J.o-)i , Cd2* l.H..lL{ , Cu2* cl*_t-: (i) qrr_ ljll i.o.r rJl

. -rL)l e-rp-r)l *lj!r +ir , :;{ Jt 
-:t-.,:ls_r_,,++ll 

,_-.1- os it-trj.Jl {_J kjl A$t cuj jir"jjJ

, [55+ illrr\lj , As3* j_riJ,,,j . Sn4* d!Jj.-! , g1z+ j3.,pr,a3 :(+) A.l:. f-iJf fr, !.+_ll
S b5-,rrjJ.jiji . Sb3+ jJjJ*#i

os gtr.j.:Jt {le* le t<L , ;;r Jt cLJlSrJq6Jt 6.-l- d ..,. rb I dr]Jllt DrA ehitiJrs .r+"j:J

. -r,-Yl ru#rFyl .*JS cJrL-

Pb (NOa)z + 2 K I -+ pb tz + 2 KNO3

Hg2 (NO3)2 + KzCrOc -+ Hg2CrO4 + 2KNOa

Hg2 (NO3)2 +2 Kl--> Hgzl2 + 2KNOs

A.+.,,Ulrl
GENERAL CHEM

&rt {tt r Ll*lt r Lur.r(Jl
ISTRY THE ESSENNAL PRINCIPLES
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.qrLJl ,jF.ll li^*f (i) a..:"$! Lor'"+'Jl C)^l Jl J J"ii-u

Moin Test i,f-,1*,,11 L.Jaill

rt++3.1qgJt f+J$ +lifiJl 4'pSr*#r L;..'r :Ael'vll J'its

&1 + lili,.I dlJdsJur+{ll &Js cF &1 +Jt$l Ldi c't el"ll &,ls" ll *
,'u:,. gt.qSJl si3.r. ;S

1Lrt-u.ll al:\--ll Gi J u,l-jll "+r-.r$ 
.l' r3-l ';-l-,r tJJSiJ u"l..jJt C)."l ii-- ;

.tlr, -rYl r*JS 
'/ ''. '-9+ 

): tiiJl 
"u'L^')l 

d t.l!3.:ll eJ'.]i r-rF,,)l ' 
" 

'lil lia

Gir (fu,-aJl aiiJl d.i-l-Jl o") e-:u'rtSll i*JS dl. ri'-l r--r^'rl.l a4^:tSlt 6)"1 ':':S:
'u-$l alJ--ll

i+JS oFl:.tt :3"r)l Jl .r-i+ll Jl r.,+-x cJ-+'; 
"':+l "' 

"1.,l ''1F '-'lJilljll C)'l
,_rlr:irjl

, :ir J1 ,:ll-,,Lrll 
"r:,^s 

o-i e.r. 3q dr3--2ll +S-.rS cl .r'r; .-r-l-,t 6J j+ll C)-l 
'JJSJ.AUI

6Eii-,Yl

ieJ.+.ll oil 4PLi .r.i .r+.1:

LLlIA0

CuSOa + HzS -+ CuS + HzSOa

CdSOq + HzS -+ CdS + HzSO+

HgCl2+HzS-HgS+2HCl

2Bi (NO): + 3HzS ---BizSs + 6HNOo

?84
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f-laj I c i-g-*l r

PRACTICAL PART

Ifl It ^.{nn

Confirmatory fs5ts !+siill .-r. Jttrrl

g.l-rjJl 6)rl

#-ECl .1"J-tr 3r-r.tr 6e -1

rFl-.rll cP -. -r+ y .llJ-tsjll {.J -l.r,u 3{.rr iF ts c+ .r*l-,r Ojif

rfJr.Yl {9r53;rg r-r -f
gi.iL$l 0.6.!t!'ll # rJ+ &ji !r.4lJ OJS3,

Cu SO+ + 2 NHrOH + Cu (OH)z + (NH+)z SOa

f.lg..rlSll 6)ri

.r,,.,E crll rrlLu., rl.rJr r-r -'lt?

. e.trrKll iJl+ g{r. O. ,jZ*r\ r.r-,1-,1 o$i

2KzSOa 2CdSO+ + Ke [Fe(CN)o]+ Cdz [Fe (CN)6] +

erJs.tl t#S3-.1f3a C. -2

i-i..irSll g,r itL1.,;Jl 99,-,,.3q Y pjr1.rlSJl r;rS3jg c,. ri#i t r*.,1-,1 O-t-S3.r

cd soc + 2NHqoH -+ cd (oH), + (NHn)zSOe

,rl6+jll C)-.i

lJ+. .r..Yl +^rSJJt*' e' -1

dLfd. . Jll Ji;.li +JJJS iF ci#i H-,lJ OJSI

Hgclz + 2NHaOH -,Hg(NHz)Cl + NHIC! + 2HzO

2CuSOa + Ka [Fe(CN)o]-+ Cuz [Fe (CN)o]+2KzSO+

a85 r 
a...Lg,Yr &rl-Al la.bJl eL.rsrl

GENERAL CHEMISTRY: THE E''ENflAL PRINCIPLES



I

fJ;-rjJill +r3r ea -2

It:-rrglll +r31 ir. iJritl 9.s -,.1* ''!ti'il +t-J O. -.y.rl r;-'lt,,; O$l

HgCl + 2Kl ---+Hglz + 2KCl

'-r jrrl C).i

tsJ.rll ++.,sof*l Y -1

e.lrrj. s")ll {yrs3.2{"o gr 6.il.1}Jl sp rJ+ Y ri+i epl.l OlSl

Bi(NOs)a +3 NH+OH---,Bi(OH): + 3NH+NOa

r jr;-,li3gJ | +r3g ,r.r -2

si.itsll O. 6lt-r;Jt O.i ,-r.3q ,'U...,;Jl +jg &lti cl. i .r*.,1_,r OfSl

Bi(NOs)s + 3Kl --rBil: + 3KNO:

ldentification of 3rd Group Cations i3Jl3l ieJrr.lt O3,L,ii o" !i,.i.ilr 3-7-g

&1,-rl $c cUl o.i gl+jrll i.:-.^i c..,1 't."<-r,.rr,,r ,lJS3 ojJl stjJill ac, J.+Jt o.re r,:i
r3i.,.!!l J"-E ll ora pi ; .a-i,"03.!l +-r:lS .r_e: ,,s k!ll- JJ e_r+_rlt *-S:-!*a

.Fe2* , Fe3* , AL3* , Cr3p3;St3 -r;rJt,

Main Test q-t,,ft L._5tt

pJ+J.Yl $3l.5o +pj$3rYl r;-.lJs :itJ.i-ll -iis
f.urs3..,rr3l c,. &1 + ti- c"!l rr-,sls cr &1 +Jl+il o+Jili cr, eLll drJ.. bl *

erJg.yt
;6rlLLJl

\,.i -. A ) rj-.tj,"jlYl +r"S_r_.r.r+r dF..+)J+ e,:J+i .,....rr,.5!+.rts,-J!l C)-t ilt=;
;al.iJt os tl .+-xll J-Ul u^ i:l+jl

Alz (SOa)s + 6NHr OH ---------+ 2Al (OH): + 3(NHa)z SOa

486
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i-l.rJ Ic!+lr :',:r-f'11't]l
PRACTICAL PART

f 
-!. 

it

r-Sq jr+r-lt 'i."<rJ*A r.r g.rr.i 2":ii ,=,-tJ qrJS+ (jrSlt q:slf) -11q.:Jl ilts o_i t-l
:el;r6Jl CU+,.S! 4.-bJ'i ::c ,r+ll ,{t+.:slt ,,J..<JJ+A J!

FeSOr + 2 NH+ OH -+ Fe (OH)z + (NHa)z SOa

i t^S.-{+:-Jt r+.Sr-.:r".e .J. 
'.+)++ .s+ ., ,.-l_.r ,JJS+ (.,jXll q:-.lt) elrrlt A[- \ri

'i.,l- $l i,lrr- ll

FeCle + 3 NH+ OH -+ Fe (OH): + 3 NHq Cl

'i;JL:ill iJ:tJl .J t-s #)J+ g.:L_) "-aii ,,...,1.).t:Sl errsjl C)-t ii.r .,i

Cr Cls + 3 NHaOH -+ Cr (OH): + 3 NHaCI

: Gliji-Jl
i.c J-"-ll oir ,jirLi si +.lx

Conli mdtory Tes6 lgSiiJl r-r. 
-.1t llrt

. d. .lil 2f,..1

:l}.tJr,-ll {gSO{r ge -l
LF,,, J.ll &tJl .r" trlj qf .,3+ ar,+i-J!t q,"Sj-qr dF,#\+ 

"'-:*i,-,."1-,1 
9 "S:;

.p-ig: Jl crLn-ri

:tJlifulall cl&3 6r -2

. e-*.,.!)t e,Li-Js J^ o$>++ =vi 
,-r.,1-r .t-Fiu

Alz(SO+)s + 2Na3PO4 ----------) 2Al POq + 3 Na2 SO4

Alz(SOn)o + 6NaOH ---------) 2Al (OH): + 3 Na2 SO4

Al (OH)a + NaOH -----------) NaAlOz + 2HzO

?87 a-i-u:,r&!l-Ar !a.brr rli.Jstr

i crrrsll ztrrl
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FeSO+ + 2 NaOH _) Fe (OH)z J + NazSOa

leJgrJe..ll {YJ3.;r$ .r-r -l

..,"..!l j^ 6rlJjll .,! e,'J+ ) jJ+rsll .r;.,,SyL4 r.i. U+#l .;-l; g},-ir;

:6,.,E jrrrll gtX#U-ii e. -2

.-,1lU&tn.ri .'.'-tY

:#-ECl tJtgr 3gr !1 -3

.qJEJt rJ:t 
^lJ 

Ui J jJ+.ll s.,j. 1+-.-s+r- i.,. &ln 3r,1i .,, .,t, .,!+

&&Jrll zL.l

:lJrJJ!.ll rrurs3.,gl e. -'l

.,,,.,!l J.Ul .J.'.rqj.+,-r. _9q ) ,rjr$).rs \j+ q.llJ jJSiJ

:pr:.*tij;,ll &uti{N: 6. -2

.t'-r.: ;ns,i .J! !)JS4

:pr*"83!l r.,:. q." 3qs g" -3

(!-l-r Jr-ri) .,.1< J-.rji ', " 1-1 i-lSir

4Fe Cls + 3Kr [Fe(CN)o]+ Fe4 [Fe(CN)6]3+ 12 KCI

FeSOn + 2 Ks[Fe(C N)o] 
-------+ 

Fe3[ Fe (C N)6]z +3 KzSOq3

FeClo + 3 NaOH 
----) 

Fe (OH): + 3 NaCt

FeCls + KSCN 

--+ 
Fe[(SCN)]Ctz+ KCt

488
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PRACTICAL PART

Ul+ -rt!l oie i;^!j dls$ll i*j+i.llJ c.l+-6jll .ru.-,,llJt c.,uli i-c."+-Jl o:a r',i
.r,.+-r-.,+Cl r*-.,5 li rF. -r!t -'+JS a.ir ' !+ dli *3 .+rL t--9 ,J .+-.F .-al*rirr:s urs

.e:r-r!t ..r."<JJ+aJ e-r+-r)l +JrS 4!L-bl r'-, l-Alt tl
Moin Test i.,,.,,l*Yl L.jFjll

rr..Fll glel

:t-H{!.Jl +"<sJ+ Ca _i

,"uui)'.:ri,Il.- Uj..+-*lt &Ul u.'o"l+j.J c.,,r+ '.-eii,-,-t, J,si
'(6+-l..lt

:ur!!-ll eti*rc C. -2

.ruJ$l crLi-Ji ;F J.:i.i .+l-,, ,_.r 6l

ldentification of 4th Group r';t-,lt icy-:t ,yi,,l ,9 d.i,sll 4-7-9
Cations

f$-.r$:l .tr-..:-.r+<ll $JS +eljJ Yl ! '<JJ!A +r.l*tiJ,.) | q,.13JS ;1-c ."+-lt .-i.&lS

.f .i. J Y|

O.,t1 + li-.rYl sr.;uls c,r. &1 +J+il q3a:i u! t'rtr 'tl &L. &f e;
.eir.Jl rii.. -.$ ri ir-rr...r.J+dl r&. -JS ir & 1 +ui- JFyl .lr.6og

:6.ut^Lll

,-.ru<rl g)l..l iJtr {r.i

. d.,liJsll i,r5;JS g* .:3",,i r;-l; 'd+

Cr Cls + 3 NaOH ----------) Cr (OH): + 3 NaCl

Cr (OH)s + NaOH ----) NaCrOz + 2HzO

Cr Cls + NasPO+ 
--) 

Cr PO+ + 3 NaCl

489 1 a...L.,Yl 3rt-!l , fubrt e ld.iStl
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Co (NOs)z + (NH+)zS CoS + 2NH+NOs

-iiJl ,JlJJSJJaslt Ja.l-r ,.'s c.,-l-Jl l:a .-r3q )

cJ*ill CJ.l iltr ee

. 
jS$t r.",1_.,;,rS; rr-i ,,' "t.1 ;.S+

NiSO+ + (NHa)z S ----------) NiS + (NH+)z SO+

.-iiJl JL ,JS r ,-rxlt . :.^.1.- J..,..lrll lra..,-9r )

;i+itt g).t ;.lU or

.fii'iJl UiJ^-!l *f eJ+ -''t+il1 liJES,-.)..,,f-+ 4jJ.,,."lJ.r:Sl

MnClz + HzS -----+l\4ns +2 HCI

,',,r.atl3J lJtr o!

.- i,i. Jl .,LJrsJJ+dl -iata *r.rr+ (.r;.-;tilt .* _rS) -;ai .,,...1-,l ;6!

ZnSOr + (NH+)zS -------) ZnS + (NH+)zSOa

:Gliji"Y!

icanr-tt cb .gj;i.i r.i +rr
Conlirmdtory Tests 4l+sijll s. J' f ll

''rudl C).1

:fJr!'.-ll 9.S3..p9 g -1

g:_.;jJl ;_elll Jl rr*rr*-ll *d_:_,r.r*A ir '.rl+j e ;ltltr Jjsi 6r.1i . ,., .t-r ;rSil

2 l...tstl &rLll :ii-o\rj\ r\:-s.rsJl
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PRACTICAL PART

Co (NOa)z + 2 NaOH ---------r Co(OH)z J + 2NaNOs

:eJ#J.Yl .tg*sj-;.t tl 6n -f,

a:tr.)l ! '<-l-.rrra ip t.:l;-.,/l d .JJ+ .!,tji ,.+l-l ,--, Sl

is-JJl 6)l!

:PgrjrJl q."S3-,49 6.. -1

..,.,,-!l ii+j .,s *. J+ ) s)lpll ': "'<3114 J. dral+ "-:ii .-r-t-2 grs:l

:eii. J.Yl 4;,x3-,P;l g" -2

.lJ#J.) I .4,S3-.4r j^'!.:t+il d.iJ+ c''Al'' "-b3'i 
.'-l.,1 .l 6i

NiSOa + 2 NHqOH _--) Ni (OH)z + (NH+)zSOa

jrr:fjrll g)-c!

:|Jrl'lall +lIlSJU+' C' '1

Jl cj,pl,-r ,,,,.,!t JhUl J^ "':l;j.+ .;J+ ) -'*i'j.ll rl <JJrS sp ,-++i ,J.,,,1J -L+
.-ntt.r-*.ll4 *r,tt

:tJJrs-ll eesg el -2

Co(NOa)z + 2NHaOH --) Co(OH)z J + 2NH+ NOs

Ni SO+ + 2 NaOH ---------) Ni (OH)z + Na2SO4

MnClz + 2NaOH ---------r Mn(OH)z + 2NaCl

a9l a-i'lL/,:rl &rlJl r futrll r llqStl
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IfI

1;e-Jill CLl

:p1r;rj*all +#ISJJ+ e. -1
UrS-.+_xlt &tJt .1.i.:U.++_11(eL_.,/t ,':.,,<j_2.u).#}5u;,ri ._,^,,t-.,rgdsl

.alJ. ll et+.-JlA

:p;,.t33all +g+,r J+.!r e. -2
. &ii-ll ..Jbt"-!l .,i Ot+jolt ei.l dE -JlJl .:r!-r *.:- .-r e++i .+-l_,r rt dl

2ZnSOq + Kc [Fe(CN)o]----------+ Zn2 [Fe(CN)6] + 2 KzSO+

ldentification of Sth Group ;-.,.Lill eeJ.+..lt &Li .p d..i$r 5-7-g
Cations

3 I

ZnSOa + 2NaOH 

--) 
Zn (OH)z + Na2SO4

Zn (OH)z + 2 NaOH---) NazZnOz+ 2HzO

. ar:ll eL:J* k )-i +,-J e*-tl+llt e +,:iilJI-)lJ eJ+Jt$l a-JF+-ll o.:a f,.j
Mdin Test iJ-l...yl LJrjll

e-t+-r)l el.:ja_f + elt3.Yl ! "<JJriA +eliJrYl +t!S :i.c *+-lt , ;.tS
.l*"s:.,r.rrr Ct ,!1 + ti. .ryl !_-U,ls O. &1 +_rt*it L.$i cr! etrll dJlr &1 g"a.l

frLr"tl,:,U'lrJS & I + a+j- _r!t
: i.ut*iiell

fJ-r-JtSll 6)-l futr os

ajii-ll 4r,j.:'-ll 
"r.U-!l ."+ +,-l_il l:a .;j.rr.j f ClSJl ciUlJS..r e+ri ,,,."1_2;.lSj.t

CaClz + (NHe)z COs -+ 2 NH.1 Cl+ 6s99.

frrijl-n "Yl 6].t iJts.i

. aiinll 4,n&-lt dbl-=Yl d -. _r+ e .:$,tlJi-JYl stjjr;_.6 gr ,_u."r+i ,,,,,.t, g.S:r

e9a
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-!4J 

' . 

->''PRACTICAL PART

SrClz + (NHa)z COs --------+ SrCO: + 2 NH+CI

piJl+ll Cy.l illr se

.iiiill +r,-"ll ur.t":Yl ,,J er+ a3rj+ll strj4JS j" .r:#i ,,,."1r u .SiJ

BaClz + (NH+)z COs 
-----) 

BaCO: + 2 NH+CI

:Clijj-Yl
l.eJ,..-ll o3l rjilLi r.l +rr

Confirmatory Tesls i;$titt ,-,. -Jqslt

er:-ltsll glrt

{-ili.rll ,Jlil.-y(l ..P,s 6. -1

.t,5!l JJr- Jl ;. p3e-JtsJt r.,,qrS .r" u:+i ,' 't-, ; s+

p3#dsll e,,u.5 g. -2

.,,1."j &J-J y

eJ+{tiCl 6uss e. -3

.&6i-ll a).1" Ul rJ.,,t."-!i .5r-J Y

!+lll Jl+il -4

,r;jE -y=i OJ e*--b-ll JP d"-,1,r9 q.,61 ,,s k .:J .lje ru+JSl diS-.jr-,*!rl

r.tu.ijlJ3-Yl gtr-l

liti..tl d!ir- J+f,[ 
"9.,,r 6. -1

.a qJljl !:-Yl d,qJS..F ua+i .,, "t-r 'e-t+

CaClz + HzSO+ -+ CaSOq + 2 HCI

SrClz + HzSO+ ----------+ SrSOq + 2 HCI

e93 1 a...t!/tt&rr itt rLrlrtt rLs.rllt
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rut.Jtsjl c,ll-.$ e. -2

,jF-,!li ti t-jl .+ e..r.,iulJi-)l d.,tqJs .J. ,-+*i .,,'.,1-, JJsi

e.lr.tiCl c,t J-6e -3

..rLlrll -;a.l-r *P .+J+ e.lPi,il-r,i-)l iiu-l-.rS..l. n:i '," 'tJ J$.EJ

SrClz + KzCrOa ----------) SrCrOa + 2 KCl

,,.{rrl _tt$il -4

.oy-F o-l d,r-r+ t,€l dle - ' -l rjo e.J.,iiilJi-Yl C\i "!"1
:a+;til 6)rl

Lit3.ll .:!ir" JrlSll .F,- g. -l

.aiilt ,r.t^.!l o3 9-r+ Y e-r-lt+ll c.,qJS,.J^,+*i ,-,..,t, *}r

e3g-JtSll cJ!^.,19 _r-r -l
.{ji.-ll JCt-Jl j" *j- e}JUt d,qJS.J^ ea*i ,-,-1, J-ll o.i,'11$9

lJr,.ECl clLt6 C. -3

gaU-lt sl !J+ .trSJ-e .rlrkl1 gro l-r; +ll Y r*-,rl+ll c,L3j.,1. ,i--i .,, .,lJ .-,lJSi..,

.lp:,.Jl

BaClz + KzCrO+ 

-----) 
BaCrOa + 2 KCI

';'trrl ,jjil -4

. !i.-Jl .-ai)l jC! jJ+:xl arr_)U| C)-i ;-,X

BaClz + HzSOa ----------+ BaSOa + 2 HCI

CaSOa + BaClz -+ BaSOa + CaClz

?94
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ldentification of 6th Group LrtJt isjs.Jt ,iJLi Oe ij.istl 6-7-9
Cations

^+ .;Je k+j--I drs.J rl \F$l sljlill ,+ !!ill leri"+-lL GJ,i Jl {o."+-ll .rA rfrisi
4iiul --.Jl ilLc *+Jl , i.rlj iJ.-t_l eErl,,9 ,i cl1..,,.,<lJJ$ -ri ge_,,S 3i olqljjS
\,J., ; iLS .l;jg )J .(er+r.)t .!.3 - e,*ECl - e-*.r_ir.-lt - rr-+^,,iiuD o.a crt_/ilt .:a,

.to,,]c '-ie gls r,;c' , ;,x<ll g>f l;!:{6, ."+.ll o*l

, ur ...11 2J.l

rg+"tifrlt crUJrlijiJ.1;'r 3.l -1

.pjgi Jl sEJ".dji j-p; ..1 ,-;+ti ,,' .'lJ .rL+

;r,4Jll .,!gil -f

.6ai ;ri.-i OJ+ O-,+ +e.l par3.-lt crl$-x.t-A

:P3;-tiCl 6)rl

:er:rl.ll ,r.-j: ,jlr.i 6e -1

.iJJ-ECl +Js -'ili-6 Jr )i,-i .,,..1 ' .rllill ..,p^l-r, :93 o"i .,J".;

:++lll .ttjil -2

. l:i*ll .,+-i!ll i,,Jilq.*Xl rJr-Ell C\i .r;l:
Pr*'3Udt 3>"t

:fi" J"il ou.Li y -l
a-rg.;;tJt crErj ,..1. -;"vi .-,,..,,t,.1 ; d:l

KzHzSbzOz + 2NaCl + Na2H2 SbzOz + 2 KCI

Mg Clz + (NH+)z COs -+ MgCOs + 2 NH+CI
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Mg Clz + 2 Na OH -+ Mg (OH)z + 2 Na Cl

:t#{r,.ll 6e3r Cl -3

eJFlriul crli---,.,ui..r"r=+i ,,,.,tJel,ij^Yl +l-l-,r.$3ri-r)l +,.r4:-nlj,,J.n
MgNH+POa rrr, v")l-r

Mg Clz + NHz HPO+ + NH+OH + MgNH4 POa + 2 NaCl + HzO
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