5y <lecteons:
ﬁ' Charge.: C;—)
-Mass I g36amu

: le\ovzge :C—¢—>
~mass - 1 ama

Mass Number(4) : gt +n°

Atomic Number (2): H#p" /Nuclear choege
# newrons(n y=p -2,

# electrons = = peofons

|Sotopes: Atoms of the same element, same atomic
number but a diff eeert mass number (n).
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Aromic Mass: 5 Cisoropic mass) % (abundan ce) i
Average mass of isofopes by abundance !
1
------------------------------------------------- |
Spectroscop i
Mass Spectroscopy - «den‘hﬁj 1Sofgpes !
- Seperates elements by isotopes i
-&ach peak eepresents a diffeeent isotope i
- Height = Relative abundance E
Q\.JJ 100 :
S o '
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»

0

"/ Abund

[} S
Mass /d\dkﬂe/ MlL/MaS.S Nomber | Aomic Mass

Phetoelectron spcd'eosmp‘(j (?éS) - Eneeaj of e
‘USeS K Rays o Remoye &lectRons
‘lmagine ndclevs 1o the leff

" &ach peal = Svbghell "Helsh'l' of peal = e~
' Fuethee left+ = Thinding eneegy =V éneegy level
-FoR Same okbital, dfFeeent element: Slement w i
more. pt will shfk peaks 1eFt.

Zpé

ZSZ

of electeons
a
~

Rrelative no.

0 7 0-
Binding energy (M3 Imol)

T e EEEEEmm==
8

Bindin o energy = €nergy required 1o remove an electron
feom 5-H'\e cgbzeespo:g:%‘s Shell.

UAnt 1 : Atomric SHRructure

Eflecteon C.or\-Fu'gulaomm
F'\ Core &lectrons

r g
1 1
' '
' '
1 o - . 1
E 000 - nner electrong E
E 00000 Valence <&lecfrons E
; YT - outer electRans |
R 5= 2e :
1 - - 1
' 00000 P= 66_ '
— 1

; eecco0e o=t0e ;
| £e14e i

°

i oee 0000 Aufbau PRinciple: “Yobuid P 1
1

| e electeons age added o lowest
E YY) subshell fiest. E
; 000005 Hund's Rule: &ach Subshel should |
i | @ have one electron befoee -they aeei
! (I X ) doubled UP !
: | @ FPauli Exclusion princpre: No more |
: 00 auls clusion prRinC:ple: MOoRE :
' | o than 2 electrons Can occupy the |
E o Same orbiial and ‘H\ey must have E
' opposite Spins. '
i % 7i 2 P 2 zl E
' y y ) y '
B A ok ok ol
1 1
1 1
E s ollzbi-}a\ P | Py | Pz E
Eéxomple.: Oxygen = ge” E
i a1 1 :
t P oe UL UILITILLT [T ;
H :‘5) zs = s 25 Px Py P .
: s = :
Eweir:’n €-C. exomple Calcivmt E
; 1s%,25% 2p% 357 35¢, Us :
iShoet+hand: CAr]™ us? ;
1

Moles and Molar Mass

I mole:= Mole (n\ _
.0wzx/0%® Molae mas§: MM=M
gaoe.ﬁc,:es. / N\AM\ N
Paencles Mass (m)

use of dimensional analysis:
"Multiply Known quantity by a Conversin factoe with
+he staehn g un it inthe denominatol
Example: How SMmany grRAMS 10 0-§T mo! Carbon’
0-83'9:‘8' C x_tzgc¢c _ 10-2g C

| mot'C

T M ==

Fe======ssssessese———-- S mmemmmmsmsssssssssssss—————- 1
Periodic Trends

F = Coulombic &Ce.
Coulomb's Law: F=_§1-92 g¢:= charge on paericles

re = i ghance betrween paehcles
F increages whenm
- Charges increases +q1 - gz CritRaction
© Digtance. decreases +49!  +¢% Repulsion

EfFective nuclesr charge (2 egp) : AippROXimate nuclear
Chaese fel+ bj “+he outer electron due 1o +he shieiding by
core electrons. (2 - core e-)

lonization Energy CI1E): &nergy Required fo remove
electrons fRomn an aton

A+ le, DA+ e

A" * |ez _’ A2.++ e._

A » 1€4 a4 +e

&lecteon AFF-'n'd-ﬁ ( eA): énezs:j Relensed when an electesn |
is odded 1o an ofom. Has similae Cout ereahc)+rend o lE .
A+ e PA + £a

1
1
1
1
1
Electeanegativity’ How much an ofom wants an electean i
1

frorm another afom. From 0-U. Similar +eend a3 1€, 1
These aee a |

G eneral Teends : prece of calel?

" Down Family: T Radivs , ¥ IE/EA/EN s i
Outer e”in Igher Shells (* shielding), furthee away and less |
ofteacted o nucleus. i

- Aceoss periock: ¥ Radivs, M IEIEASEN E
More p* (geeater Zegf) outer € mMore abteactedifo nucleus. !
-Be 108 (Zp?ZS’ H

* N 40 0 (unpairest +o paired. e°). '

* Rodivs of Cohon < Element < Anon: !
AS H of e” increases, There's more e~ e~ Repuls (ans :

* | soelecteonric sFec'ﬁe.s: E
Mor e P"' ( szmd-ec Zem). outrer €~ more odfRacteg o :
nucleus, smaller Radivs. i

i

1

1

1

1

1

1

Periooic propeeties: Elements i the same ‘FGM-"S
- Same #F valence e’ form Similae. ions, SiilaR Chemical peops.

--------------------------------------------------- ol
Feeeeesssssssssssssssssssssssssssssssssssssssssssae. !
E besce i bin COMpOUﬁdS H
! Empikical Formula: Mole Raho of elements in compond in Simplest-foam;
i Moleculae Formula: (Molae mass)y (EF) i
: Mass of EF E
Ly Coe
!/ Compofition: Mass of X X 1007. 1
1 1
[ 9 of

MolaR Mmass of Compound
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— 1
Ee\\

"R G Mol e culae fece: attea chon within

a molecule o Steon
« Hard o beeak

lonC Bono\'-ns

TRansfer of electrons feomn a metal 4o 0 non- metal
& oo -
ke T

Coulomb's Law : 4 charge, Vv Size= " bond eneegy

Covale nt BondnQ
Sharing of electerons Yetfween Nnon-mesald:

Polae : Electeony

not shaged equallg
Large O EN.

non polae : €lecteons
Shaeed equall ;
Small A en. J

Zalance of atteachon and RepviSion between afoms.

ga §

‘g g

g (VY T e L L L L et tetlleled NoWQK‘qP:"o atRachHon
v
1] rreacnon

o .§, Some overlap : Some a

Internvciear distance
N Bonol oeder =1 bong eNerY ) = =V bond |€'\3""‘
Bongd polaety: Diffeeence in elecreonegativry of +wo elements
§ porhalnegative charge AOMS with a hgh €.v- difference
§" poenal posirive charge Afoms wih 0 low €-n. Aifference
D
Dipole arRow points fowoeds moee electronegative atom

Mnefalice Bonding

&lectrons not associated wth a fingle a+om
ok molecule (delocalrzed electeans).

T defocahsed e~ =T pond ener gy

Sitema bonot (&) € shaeed berween odoms
P\ bond C7\3 e~ shaeed oRound ofomMs
Single bonck: & Cbond eoctahon)

Dovole bond: 6 + 7° (no rotahon arouna l::ond\
Teiele bonv: & 4+ 2 7% (no Rotahon @eound bond.)

. UnTF 2 Molecular and

Jf° ™ " T M M NSNS NN RN S SN NN SN SN R S S NN RN NN NN SN N NN NN NN RN RN NN SN N NN NN S NN RN SN SN N S NN NN NN RN AN SN N N NN NN NN RN SN SN N N SN NN NN RN NN AN SN N N NN NN RN NN AN SN N N NN NN NN NN AN AN R N N NN RN RN AN N N N N R R M

Lewis, Resonance ana Foema) Chaege

P.T and valence e~

a 8
H | 2 5 LU § €6 7 |He
L Be R | ¢ | N 0 F |wve
Na M5 —Teanshons: AlS | P S |cv |Ar
K | ca| Vvariable 'mlencﬂ Gq (Ge |AS |Se | B |Kr
Rb | S¢ In |Sn |Sb |Te | I |xe
Simple molecules
[ .o .
? -B -+ N=C =H H=wN —-H -H-.o.—-n H=F"*

[} ] I oo
+H -+ H

Digtomic molecules

F—j= =o N =N

Octet rule: Except for Hydeogen and Boron ,all atoms

end v with 8 electeons aeound them.

Steps +o ARQw Lew s $Fructures

l. Count and Sum yalence elecfeons (adjust o (mQPC)S- S+3(3)=26

2. Determine Centeal ofom (We iHen '&’/MOS#' €. N \
d. Subfract bonding efectrons fkom fotal  26- 6= 20
L. Add remouning electeons as lsme paiRs cn -p- c.

+0 reaCh an octet aeovnd each ofon
I£ octet has not been achieveol:

Aod muf)ple bonds (dou(de,-f'e.'ple):.o. = .5. — O -’ 0 - s =

|
eCle
)

cl-p - C)

!
Cit

If all atoms hove achieveo an octet and nof all valena

electeons haveé been assignedt:

Add r&emo\;n:mg electRons +o +he centeal ofom

=
This ‘s an E. ',

expanded octet T -Xe— P..

F

Don 't Reget squaee beackets foe ions!

-

Resonance

LN

O' 0

Mor e negatwe =F C on more. €N afom

)
.0

Y

eTbond &~
delocatised

Forma) Chaege : :(Valence e’] Clone e™+ 72 bonde]
Lower F.¢ (0,+1 -1)arae beffee structures

Dot want F.C. with Same Sign§ om adyacent odoms
Sum of F-C = ChaGrge on Chemica! JpecCies

lonTe StRucTuRe ond feopeehes

VSEPR and Bonad Hybridizoton
+ Electrons eepel dve to Coulome™s Peces
* Rondj and lone eairs aee negoatwe n nafure
So aeeange themselvel o minimise. eepulsion
© Steric Numbee:#F of electeon domaing - flvences geavetry

Steric 2 CSPB

Lineae
ag, (180°) | "\ |

o—o—o

stegic 3 Csp?)

TRigonal planar Bent
AR, (120°) AB, €, (120°)
[ N ]

o/\
Steric Y (593\

Tetrahedral Teegonal Pyramic Bent

AB, (104.5°) m3 €4 C103%) A8, €, (1ou.s’

Solid Lin@ Do shed kne
Ciun plane_ of {(qwab from viewer

o 00e) [ W}
pap \' _‘
r‘wed e ./
(Fao-ns-rhe viewee)

Steeic S
Teigonal bipyramidal See-Saw _ T- shaped  Lineae
ABg (40°,120°)  AB,E(0°10) ABLE, (ac°) AB, €, (180)1

LE R LR RNy \-/-----------------------

. K I‘T‘ —Q: @
®
Steeic €

Octahedral Square pgeamot Square planaR  T-Shqped
AR (90°) ABg £ (46%)  AB, E,(90°) 48yé, (107)

. "-f:'-

Polar compound: A Comptund wiH~ an vneven
dustRilovhon of charqes

~Polar bonds don't cancel ot - asymmetrical
—lone paia. e” diseupt electrical Symmetey

Non Pofae cempound A compwnd with even

distibuhon of choeges — §ymmete: cal and
I|___Lqer\‘hccu atoms-

R RS CRR———
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Ani+ S <. [n4CR Mole Cu [OR ForceS and PRopeeN S
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of

Int+ermolecular Forces Polae vS. Non polaR Solids
lnteR molecular forces - artractve forces / Non - polar Polar .
w mn ’ *Rong dpoleS wrthin - Rond oho'es donet cancel lonic Solios (metal + non MQ'Mn )
- weak Cpaehcle.s/mo(ec.d(e.s gequ\./e(3 fae ap_ec-l—) o molewle cancel out each other ouf * Electrostatic attRochon between Cahons () ana anons ()
= _ sWon polar Molecwles: H Cacle, MS §0u, Fet..os ' ASNOS
LS Lineae, @ gonal planae, Polar molecules:
~ rRamoleculag Tetra hederal, Squaee. - Lineagr, +Rgonal planae, +-et raahedea\) PﬁOPeﬁ‘hes :
( ‘/ ploanar ,’(E\Sonq' biP‘-\/}EaMrdQ\, 1€ otomg arovnd central otom are 'H;sh Mtlﬁns Po'm'l'
In+ermolecular Octa heodeol not- oenhcal - Condvcts electricity a&s a lquad \
N Polae geometry: oR aqueous Solvfion (lons feee+O Mmove
8* d - Benf, rigonal pyramdal, yee-saw, -Haed and beitte
T- shoped, square pyRomidal - offen 0isSolves in watee
Inteemo le culae for.ces IntRamolecwlae forcey
wealest 1o Steongesh —P ) A\ §teong, nord 1o Compare  Steon ged- Metalt /e Solids Cmetals)
London Dispersion (LOF) Dipole -Drpole lonr ¢ Metrall ¢ Covalent ‘Lotnce of metal cohons weth Sea of movile e
J \»Hﬂdeosen Bondng ) Cmetalhc bond) e.o metals (Po,Ag, Ay, Cu, e, 2n) .
C3feen g dupole-dipole Mo lloys$ : Brass (Cu+2n) (CutSa
0 - fetals Alloys$ - Brass (Cu+2n), Beonze(Cutsa)
Al Subgtanced Polar molecules 0ccwrS im pOlaR wmgtecdles metal + Onlb cefal - e d\ o 0-0 Steel(Fe+C).
. A\GWY »
On l:’) foece in non polag g WO etRical Moleaules thod hove hydeogen Non - metal  atomd ¢ taga p\nn*a cey stat Y . —® “sea of delocaneed e”
- ‘ :
molecules ok Single nan- 3 iy non-mefals  aieecrly bonded o . 3 ::W::e* K+ N Yo - free_to move
metal  odomd N O o F §0 metal cafions o o . © AN Conduct electeicity
: - 0
Ne, M, o HCl, M, 0, CH, ¢l HF, 4, 0, CHi5 OH NaCl KBr MgD  AWALZN S‘_ 2 o and. heat
- Sic lnee stiial alloy: Svbstityhona allo:j:

London d-’speﬁ&ion fOrces Small atoms D gops v Same Med metal eeplacas

* nterachony between paehcles ok molecdes as o eesvltof +empoea23 oR ngrant an€uus o poles metal lattice lofhce.
* 0CCuR dve 1o +he Cortinuous mohon of electrons 0,0,0 © 0 00

'Polae-'zabili-hd : the eage wWrth whicik the choese. dustRibuhon «w an electeon Clovd Con be diStoeted. .°3 0.0 o000

- Loeger +he atom Imolecve, +he 1arger the electRan Cloyd | +hus moRe polar:zable and greater LOF. ® o ..

® 0 0% 00 00 V
Di pole - dhipole . Peopeeties QAP
‘AN atteacton between poloe molewles i a way thatthe paehal positive end C$*) of one molecde 1§ oftRacred "'2;3:2“‘3 ”"“3 pout
: Sfeous

1o the paenal nesqflve(s ’)aF neaeb3 Molecule .
'+h_:>deogen bonding A $eeng d.pole-dipole inreracton between o -l-\sdeosen ofov Cbonded 70 o N, 0 o F)
on one molecdeand an M, 0, o F on ancther molecde (or another paet of a large. "0 CRo molecule)

- mnalleableé and duchle .
*Conducks heat + electeicity)

+ H
) .. - ' . WOl .
N @-2- w T Peopeaties as aresui Lathce of ﬁf:—mf«»ac'w;fx i‘o‘l-‘lis
] : [ l' * T 2 WoR ¢ sp? hybri
n o TS GM_'_ a-c -3 _.H\, TS is H bendin I?E' N C.Q@.Slﬁ IM."': . covalent bond§ e.a. Cd?g%\%ndd, Cﬁeeqp‘?t:iéd.
-';l .. 'll - _H mnd. ns . ‘:. .o _— 3-/]\ Me\hn Qﬂq F.geeltnj 'b. . . S.‘ Oz (Saﬁd. 3'0&5, q,blae*'bl.S-C
H -C -%'-H .w f:\ ( 'Sn‘"\alps of Aision lvapor; zaben PeopeRhes: - High Metng pont
v o {. Lo o A v vapor pressure -&(ectrical ngulafor (excepl5 8quhﬁ&\ _
lon - d\i pole " /' .7 I'O :_. T viscosity -Uery hord ond bertHe (excepr gea phide)
- An atfracrive foece berween an 10 anda polae molece ven 2 Sueface +ensian N e Sotds ¢ )
l~ Solutions PouAR)  onow-POLAR) : . ole cular Solds (non-metals
- steonger than Y bonding (Hence T B.P of an ionic compound sol.m‘.q( " - v Solubildy (Depends oo ): Ilattice of molecules with weak (MFs e-q He, Kr, W,
Di pde wnduced dipole § N 90‘02:1'53 of Sowent+ Solvie E E Fo,B2,12,Pu, 8¢ ;M0 N, @, N0, CoH (O, 02800 ¢ Comp.
"An artrRact ve orce. between a polar and non polar molecufe/ ” ) Lathce €n eﬁ&j i 1 Properhes: - Low Melhng govt, poor €lecteical

- TenpPoRARY, Relies on ORient ochon :- COﬁdVC“DZ—. bevtile.



PROP eehes of Il.q wads

Vapor pPReSSuRe
“The presSure exeeted by a gas in equilikium
wWrh 11'S liquid phase of a gwven +emperature

gs ‘8 E M\'n:mum K€E foe

T ' / mMolecules 1o eSCape
< 1 B

S i lawd

20 ;

e H

2 s \

inehe &n
As +emperoture ncreasey, a greater feachon of
I Hhe molewles have +he KE needed Jo escape +he Liqud

1 anO VOPOR pReEsSurRe InCreases.

Solhid vs Liquid V§ Gas

88 An

Solid Liqud Gos
- Fixed shape -Toke Shape of container *MN° Fixed shape
*Fixed voloma * Fixed volume " Ne g gible volume
- Vibrahona! - Paehcles shde ovee
MOV ement each othee
* BP IMP eeloded to

- .

L il il il L L et ]

STP M V= Volume, litres

-
1

1

1

|

| otm = 60 toRR =760mm-|13 =101.225 kPa. 0= moks :
0°C= 233 K K=°C+ 2%3.5 T = Eemperature, Kelvin :
R= 0-00821 L ottwt/mol- K :
1

Idea! gas Law P.V =nN.R.T '
Small low IMFSQ_se_s ideal of low P and HignT :

1

Commbined 3as Law Pi.vi_  _ Pa.Va !
i

1

1

1

1

1

1

1

1

1

1

of

T T,
Dalton's Law f4= ( Ng ) (Pygray) = 08 R T Peroral) = Par Py + Pe
néoful v

Grahom's Law Va . MM o A+ samet+emp,
Ve _“W L 5h+ &R gas Feavels
faster

o

Kinetc Molecdlar Theory and 6oy Laws

Pressure Vs.Volume e k YV 1 col§ions
(Boyle's Law) —— 1 pressvee
M Collisions
Volume vs.Temperatge v Tewp ,
CChagte's Law) " volome
T — pressvee
Volume V3. Moles v : A Acoligions
(hAva sqdﬂo's Law\ T volume
N — paressuee
Pressure vs. Temperalre ¢ : AT P co\siong
CGub Lussoc’s Law) 1 pressure
T — voluma,

- Gages Consist of molecwles in constant mo‘nOn,momnS

N StRaA: gkt ines and change dReChI only when they
Co\Wnide wrth other molewles oe walls of container

2. Presswee exepted by 0 gas 1~ a corraner Reyvlks fRomn
co\llisionS between +he 3as anad the condainer walls.

3. The average Kinehc eneegy of gas molecules § peaporhinal

o +he Kelwin temperaiiee ofthe aas.
L. The molewles compasingthe gas age Negligibly small
compared tothe ckStonc betweenthem.
§- Gas moleclles exeetr no atfractve & replswe forcas
on eoCh other;-therefore,Hheie comtlons are dashc
(do nat mvuolve a oSS aFenQESQ.

Deviations feom ideal gas law

|. Gos poetcies DO have volume
A+ g~ pressures (low +emperatwe and volvne) +he
volumes of the paehcles (s no longer Neghgible cemparzed
to +he vovnma of fhe contaunee

2. Some gos paeticles QO aftRact ok pepel one ancthep
At g~ peessure Clow +emp ond volume) the afteactwe and
Repu\Sve foeces an impoct strengthS of colliguns.

Soluhons and Mixtures
‘Homo genouy H eteeogenou s
- Sold ok Liguid - Macroscopic propeetres
- MacRoscopie propeehes  depend on locaton

do not v N Sawmple t~ Mmixhee
0000000 ::::
0000000

Molae try= males of Solvie

IHRes ofSolution!

Cheom QTDS(ZQPhﬂ
Paper,th.n 1qyeR and CTolumri~Seperat-es Components
of a Lqud Solvhon based o~ +he polae Yy oftheie
IMFS and theie ability 1o bind o the stahonary phase

Cheomatography papee -Lazsez paehcles move Slowly
Cshwmonaz:] phase - Poeticles with o ng‘.ﬁ
which matches Hhe solvent
will move fuethee.
Retenton facroe (Rf):
Digrance Moved by Sample
Disran e +eavelied by Sowent

Solvent
Cmobi le phase)

So(ubi\'ﬂ‘&
- Substances wih Simnilak IMFs +end 10 be misciple (Soluble)
loniC Compounds dussolve «n polar Sowents

| Sy ———— I |

,_lncreasing Eneegy I-Feequencﬂ (v)
B \ncreasing Wavelenath C N\
/

Goammo X-eag) V.W Visible [.R. Microwave eiaio
+ 3

CoRe €~ e +eansitions  Bond Molecular  Nuclear

| S —————————— |

(Photoelectesn_ (SpectRophatom . ; +ations SPiNS
Specreoseopn) proronere) vibeation et at o0 I Me)

o= m e e s s s e s s s sss s s s e e ————— g
: Photoelectric SHlect :
1 1
1 1
1

i _ C= sPeed of gt 3.0 X16f ml¢ !
E C "l v A = wovelength  (mn oe Am)
l v= feequency (Haoe §')
1 i
1 1
1

1 - € = &nergy of photon c3) !

= 3

E E h Y h= planc;]('.s ConSrant 6.626 %o '.?si
' vz Feequency (Hz oe 5°) '
S i S m———d
i Beer - Lawmbert Law .E
i A = Absoebence Lt of O i
i Az & b o & molae absoebriviy (ke A)
: b= poth length :
E C = Concentrahon E
1 ln Mot experiments, path length and wav elength '
i of Lot aee held Constant. AbSorbaN® & then proprToNal ]
LA _Concendration of abforbing moleculel oR ters. . J



A U ChhennnCcal Reochons

Phssicw VeRSUS Chemical change

A phySical change: Substances has a change > pRopeeNEs,
bt not @ e.hanse v\ chemical Connposrhon
lnvolves a change " ntermolewar atteachons
usvally doesn 't irwove bond breaking (Qxcept d'\&Soluﬁon\
Phase changes Ce-g-‘Hg_ 0C) DH. 0 (39
Sepaeahng mrxruees (OuStillahon, fiHteahon, cheonato
1 Chemical change: Suostance is teans-foRrmed info
0 new subsrance, wrth ddfeeer Gom posrhons.
lavolves bRea.K-r\S or form. ng chemical bonds - ReversSible
2H,0 ) D 2, (q) +0,(g)
AN O, (ag)+ NaClcag) —) NaNOycag) ++AgCl cs)

[ I ——————— |

e
Net ‘lonve equations
Guide ines
I. Start wwh a molecvlar equahon
2. MaKe +he +Ran§ition 10 1onic equation oR not
Tps for when 1o +Ransihon oR not
- Beeak H yp Don 4 break i+ yp
Sfeon_s Acid (Base Sold Svbstance
lonic compound Covalent Svbstance
“Aqueous Substance weak fAcd (Base
Gos

Pare Wquid Isolid

InSolvble Csligathy Sakble) nic Solich
3. Ceoss off spectator s on osth sides of +he equathor

Example:
I CaCOH) g+ 2HBra)™d 2H, 00+ CaBr, o)
S.B. S.A. Gualery Soluble wnic comeound
2. Ca2*+ 204+ 2HT4 287 D 24,0 + G "+ 2B
3. Ca**i 20+ 24Te 2877 D 24,0 + P 287
20U+ 20D 2H, O

24, + 0, —» 24, 0

Stoichiom e:l'acj

volumne (L)

"01e Crnol)
Par hcles
Example :
Al )+ ¥Clag) 3 AlClymg) +H, Cq)

2A1e + EHClcaq) 12 A1Cigcag)+ Say)
Moles T© moles

4|C'3 X Z mo Acy

GRams to geams

753'“1 X 2.0l6g,

Mdae'd-:)

6 snol Cl x 000wl 9y. 5

H-Usﬂl x zg.qas.m S.omelHCI

ldeal gas Law CPV = n@T)

V=nRT _(1.95mol X 6.082 06 L.atm. ml"g ~ ) ( 391‘():qu."

Cl-12 ofm)

Lc’m.hns Reactant and theorehca) yieid

x smol'"-l x 2.0!‘3‘"\

125 A1 X z6-age Al z .u.os-n,_

3-20mel He! . BeonolHy 2043l _

2.50L HCl x §-06gH,

Lim."hrls eea chant § HCl and +theorehaa! yreid of

N N NN NN NN NN N NN NN NN RN NN NN RN NN NEEN RN NN NN NN NN N N RN RN RN RN NN NN NN NN SN SN N RN RN RN NN NN NN NN RN SN SN N RN RN NN NN NN NN NN RN AN SN N RN RN RN NN NN NN AN SN SN N RN RN RN NN NN NN NN RN SN SN N RN RN NN NN NN NN NN NN SN N RN RN RN NN NN NN NN AN AN N RN RN RN RN RN M A A

g —————

"

THeqthongs

/"T'I'eanf (soluhon of Koown Concen"!a‘ﬁon)
A.K.A. standard Soluhon

Anglytet (soluhon of unKnown mnCeM-Ro‘hb(\)

€quivalence pant: just enough +iteant has been added 1o
eeact with analyte. ¥May be indicated by a Coloe chonge ¥ This
observable event ¢ Known a8 the end pont.
oH M= MolaR rry

3 Equivalence Mg o = Mb Vb V= voluma

degree of +iteahan Mew(,eq"sqh()n', Ac\ + Base - Sa b + water
HCl +  H, O =D H o' o+ c1”
Rronst+ed Bron, .
Cowey Acid  Lowey BaSE C # Conyugate bas
Erehron dores) (pechnaccepma) VA Jugete base

| R —————————

!- _ Tgpes of Reachons -E
I Sometimes REDOX !
' A + X b Ax O \!
E Ax D A+ X *E
! Always REDOX i
i CHo +0, = Co, +H.0 ;
! A+ BX D B+ AX :
I Never REDax :
E AX+BY DAY+ BX E
' Product § a preciprtaie, gas or weak electeokrte |
! HA + B b 4~ +Ht :
Jf " T N NN NN NN N NN NN NN RN NN AN NN N NN NN NN NN N NN NN NN NN N NN SN NN NN S NN AN NN BN N M AN N M M N MM M -

Redox Reachon

oxidahon Redvchor
‘Loses e~ L Gain e .
-Ox # ncreases (moce +\ - Ox 4t decreases (moee -X:
A dat+ e’ - A+ e DA '

1
- Redv Cin o.senf - Oxrol sfhs asen‘f E

- Amod\L 1~ electrRo cell - Cocthode 1n elecfrocel) |
£ssiens ng Oxid ahen §todes E
"Ox # of elements= 0 Ox# of monoatmic 1ons = charge '
- BreakK up onic Compounds 1o 1ons :
*10 comn pounds F'—""; =-2 (excepr peeox.dn.z-b; .
H =+ (except hydeda = -1 E
‘Balanc. half eeachons :
- Balance elements (not H oe 0) |

- Balance O wrh H.0, balance H wrks H* !

- Balance charges with e~ E
‘Ralance +he electeons of @ach half Reachon 1
1

J

Lo Add_ve half reachons. Add ot icy bagie Selvhon. _______

N NN NN U N N N NN NN NN NN NN NN NN N N N N N AN AN S AN N N N A
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Reaction rates

2R ¢qq) 7 L%cag) + Prag)

Rate of dCCQN\PDS\‘I'IAon = (char\ Qe in concenttaten uFaeac’ra.ﬂ') . (Cfﬂc - CQ—.\\.): (3[2

>
L\y

Q
5
' 1 T r 1T 1T T T T ' T T T 1T 1T I r T TP rTJI '

~ Chonge n TimMe €2 -t
3
t
Rate of a ppearance - (char\ Qe in concentratun of gzoduc*) . (Cﬂc - CP'.\\;>:
~ Chonge n TimMe €2 -t
S
t
Factors aFFecrinS Rates: Ol GOT Tl
Recctant Concenteotions: nglr\ez Concentrations S fajrer eates

Tempeeatuee: Highee +empeeatues = fasree Rates
Suefoce aren: Geenter SuefOce e s fasher eafes i,
Caralygs: W depends -- See catalyg sechion [ < -
Ar\srhmsd—hqf inceeages Collisions will inceease the eate. N

Jj ™S O N N N NN NN N N N N N N N NN RN RN RN AN N N N R N N R MM

-
1
1
Rate Law Must be found | !
e—xpekammmb! E
X+ Y D2+4+w !

Ua) (a)
Rote Loaw: Rate= k Cx) CY) i
o Reactants onl H
> = oRdeR whh Respect to X E
° N = order with respect fo Y !
o+ = overall sedeRr of Hre realhon !
o k = “@ote Constant " Fem perature dependant E
- un ity eeflect pueeall ordeer '
1
of

[ bl el ]

- mmmmmmmmmemmmmmmmmemmmemmmmmmmemmmemmm———————————
' ----------------------------------------------------
i Reaction MechaniSm

1 This i§ the process by whicha Reach:n occues, OVeR &

! Seeies of elementaly Seps

-

1

1

H B

1

1

1

1

1

1

1

1

1

u\f\)~7l' S L(lf\gﬁc

[ "
: élemen-l—aej Reoctions

1Reqctions Hhat occue™~n o Single event 0e.8fep.
1Rad e law for elernentary keachony Can be infeesd
ol Peedscted ffeovn the Stochiomete

P moleules paeficipafing i the REaChd

'
. Exawgles: Oy + C1 )0, +Clo rare =k {OI(eD)
" 280+ H,d N, +H,0 Rate- kCNo'f'C-H;)

-

. Inteemedhates
Caragh, STEP L Oq () +Cla(g) ICI0G +0e(q) [ e i gl

- Present ot

R e p———— |

beganingand Stp 2! Cl0¢q)+ Ocs)ﬁ Cleg) + °z(3§ consumed in the newt

Lo e n: o 3cl . Not included in
i st Oveeall: Oz ¢q) +90q) Q)+ 02¢9) oveall equation S*ae!
1 o Nof in Rate law” =—
T o o o o o TR }

1
1
1
1
1
1
1
1
1
1
1
b |
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-
I ColliSion Model

1ISucessful collisions have

11. Sufficient eneroum +o oveecome actvahon eneaﬁj (éch
12. The eeect okientarin that allon bonds +o
Qeaeemse N the Coeeect manner

T[ = LOW‘f‘QMp
T ="K|5k+emp
Maxwell - BolHzmann
= é/ disrRibyton cueve
N—
Kinehe eﬂQE@fj

paehcle nuwm bep

eSS EamsssoSSE-.-

Endotheemic (F-€ of nreemedhate

S"‘ep’-: £xotheemic '\‘3"0& +han reactant]
(P-€ of prodvct lower than & eactant)

Step |1 Slow step (Higher &a . PQOFIIQS-' a|

r --------------------------------------------------- 1
: Reachon éﬂeiﬁg Peofiles E
1 DY DY '
I & o & o 1
1 £ < €< -y i
) < Y oduets 1
1 — 9 I 1
1 g p S p A-H"E '
' _F¥ _F¥ :EP' R '
. 5 | Reactants 5 | Reactants .
1+ 3 AH°  Pecducts 1 3 !
1 Qph =€p~Fe Qpy 1
1 1
1 v v 3
H Reachon Co-oedinate Reachon Co-oecinate i
1 - 1
! Exotheemic Endothermic !
H ) A.ﬁwai-ed comnplex 1
I A €a7T eeaction earel  Mu lti- Step a :
i i
1 1
1 1
1 1
-

Ar henivs - TemperatuRkre ond oRientarhan
Factors offechne eate enstant, K
eate= k XM cY)

1

i :

1 1

! 1
1

! '

' : i

H concentration (or paehal pressure) '

N 1

: éveea +h3 elsel :

. .

1 1

1 1

1

! :

1

1

T +empeeatuee = T "k ' = T eate

V €a 21 k" = Teate

Cotalysts Homogenaus : Catalyst insame phase a$ eeactants

Sro, 1 |
g £a with o catalyst g% —He:l'emsenous_:
£ cs Cotalyst
) hY ?.:/_ Lo with (" d'g\w:
v Els a catalyd ohoSe 8
3 £ +H~0N i
< \ o | @eactants reacia kaSI
& . 53 AH°  Peoducts
g. N QK =€p-Ee

Kinehe eneely | o
1C

Mo x well Bollz mann Moge colh§ions with

wheo_ o Codalyst 1S used, L fo vffeerenssy 5P eatel

e EEEETrAm"m e AT T EEEEEETr = NOp S m—m———— T gl —mEmmmmm—— o e EEmmmmm SEEET
; i O oeder 1| S5 oedeR 1 27 Oeder 128 0pder 1 1 REaChoN fmechoanism, Rare law and&l—mo(j Srate. appeoximation !
1 Rore law irates K ieate = kK CA) ieote=k(AT8 [k-UNfirate- k CATB/C-CAGTI 1+ +he | STstep (s Slow, + determnes eade i
Possmmmmmmmmmmmmssmen s UV Fo=-====- S Sy mmmmmea b Wohe 19SHep U not Rafe lirvhing, use Sready Shate- appeoKimanan :
P uads of K ol L™s e Mg 1S fLmol" s or M Limel's o M s MUSH Remove. ;
_____________________________________________________________________________________ 1 —_—
: H H 1 - 1 1 Steol 0y = 02y ¥ 0 FasT 2 rvheemn edia R :
' integeoted tate law 10A), = ~ke+CA) g1 1nCA).= ~kir InCA), 1 Cale TkE+Calo ! 1o A :
poTmTnSTmmmmmmmnmnnmn iy it S s i Fommsmmsmssam-- T istep2: Oycq) + 009 20,9 Stow eare- K, CoNLA) —I_K, COp) =SK-lCO23CO3 :
1 &Heai oht ine ploF i Y- tercep 1 ¥ intercept 1 M i 1o a0 - 20 v Solve foe i
EO\r\d S&— 'S eelo‘:-\onship E g T E § e Ei(’ ¥ inteeceet E E Eoveea”. "0 e _’—ﬁ‘\ccoo% - Co) inteRudr E
ito k : t P L : i 1 A+ equilibRium: Y '
- - - — _ ' - C Ky Co) Vb 1Inte 1
s t k= Sloee & | ottt k=Slope & . i | Rare forward = Roke eeverse P LTI eae ]
. . ' CA) VL1 _ 0-603 exn o isoades N 1, _ _\ ' 1o v '
I —HQ‘F - l‘Fe 1 t '/ o 1 b /Z S — Raodwoactwel t / = 1 1 1 C’OMbW\Q z
N R i L S 3 Wke (A%S‘Eemcoﬁ E
' R NS <ol €0} co H



. r Exothermic Reaction Endothermic Realtidn 1 1 -:
= e P R
: 1 T 1 1 8 A 9 o :
: 1| | Actation = 'T """" : i geeseeeey o S i
emergy /4 \ 0 v+ S\ 0002 S Y8 b A " e
: 6‘0“"'@2’“ \.c ='én8235 .‘s mmw '\nN S“&Odﬂd\‘nsy Qs he&.‘- E l Activation Energy E : 120 S | ] ] : ; ] :
1 . energy of products 1 1
! ‘ Temperatruee of Sueeoundings inceeases. ]} fp— l ] 1 : : | : : Gas :
. - N 3 of reactants a absorbefi 100 + ] I
' Endotteemc:éneergy is absoebed faom sueeoundings. E g 2 |- s E E & I I I Gas - Liquid 'mcAT '
1 o Energy w nergy ] ] \ ] 1 1
1 . Tempm‘-“ee 0‘ suucm;nss decemQS. : of products of reactants : : O\_’ | | uquldy | AHOV'p " 1
: i pp—— LB T T T T L L L [ et T ——— of : Q : : chT : : :
Esqs+em:m m¢+ *“ e*eez“mw “h.& weﬁcﬂ me l'--------------------------T.-b- ----------------------- 1 : f’ :usql:::-: : : E
H . . H Theema! EquilibRium - ' -] , Solid | i " H
i oftenhon. Normally consishs of eeacran's and peodvcts. I When two Substarces ot dFlecent +emperatures ! ! g Solid 1 AH%ys ! I I !
inas: : . H . - X 1
Sureoundingt £ve25+hn3 eye. Noemally cansisis of +he contrainee I come into Contract: ' ' o 04mMCAT, , : : L '
and evergthing outside the certaines , 1 The higher +empeeatvee Substant will lose energy Cvia oo R i : : : '
. . I -

P / SURROUNDINGS I Colli§ien) ona Hhe lower +emperatvee substone will Qain ' ' - ' : : ' '
e YA [ . I ! Heat Added =———=> [
i waker to form a Soletion, ! e“ega\j Cuio co\\a,smb ! H !

the +heemometee that 13 ENERGY INTO - . e
W R ENERGY OUT oF SusTem Tee ; gloss = - ¢ goineg E "

uge \ deeed ] : 1 . AR Y T R Y R i R N O P L ————
:::e;:‘: 3::"; ) SUSTEM TO SueeoUNDINGE ; Euentally both obyects will Reoch +he Same +emperatuee ' r 3

1 1

+o+ Bon £n+Halp‘\e§

Sueeoundi Ngs: SURROUN DINGS:

Heat quacl+3 and qugeuue-f-e:.]

) —0OH SuSTEM

Endothheemic Eneegy Requieed fo beenk a bond
ExotHeermc £neRaS released when a bond i made

i . cH + 20, cq) — Co 4+ 21,00 o i
Specafc heat capac.-l—azﬁmounfoﬁes\ez needed “@ T ISLH 2¢3) P TC ey

. + 0 0 = C=o; P

E:‘:Tr 54'\3&83 annot be ceeoted o2 ": zaesi-l-ke +ecc:‘p:2(:t\me of one geam of a Substance | N S .

?@ desiroy@d: K can change ffon one y one aegree Has: o Y-c -1 0= ..
em o ansthee ! Seecfic heat , , 5 —u

g = mc OT ¢ Tlkg™c)
4

. +
\ Bondl broken - Endotheemic  Bonds Qemel - Sxot+heem e
Heot oSS Tempeeaire (¢ [K) - OH

Endothermic exomples Exetheemic exawgpler

O N NN N NN

1
1
1
- :
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 - ! '
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1
' i
1 1
1 1
1
] i
! 1
1
' i
1
' |

E EON Firgt law O‘F—Hr\&modﬂnom'\c&:
AV

+ O

Melhin Feeeain . : K C-H: UxWR= 1652 C=o0:2x329=1§ag

Q,ga\mss Condmsfﬁon (Jm“es /CQ(QEAQS) d—e),gome,-h«m N = moles 0-0 :2x W43z 496 O-H=u x Ubd= \fT

vapeeization D eposinion Cq(oe'\mel—es 3 Hhe measuke d%eqth‘hj of 2 6ugK, 3UTD K

SubVpn arion Changes \'m:o\m'ns-. heot exc(nonseo\- A rmz & DN Coroken) - S DM Remed)

Chonges ui-nlo\vins'. combi n\ng moteevals A calorwmere S o devia used o measuee Hwe = 264IwKY - JuSokJ

Beeaking | heor—transfer by St gpingthe +ransfer of heat between = - 802 iy lmolexn

Sepoeation 1the indide of+he calorimeter andl-the dweendings. D e L
.................................................. - S T—aeﬁ:cine.(-r?l :io'a ':(\::Qw:\ cfr\‘HwO\\pS of €oemartion

+empeeaiNre anad plax
R \nto on Caloemerer of watee,
T swoomcon - e il ARONSERR fROM metal

N — to woter to recch theema)

1
1
1
1
° 1
D-H_C epresents the change in enthalpy asseciated wrth 4he Rematon |
CSU«H\eS\s\ of one male of 6 Compwnd fRom #'s elemerts undee i
1
srancaed Condhens Clotw andt Q\Y"C). DU e a pure element :
i
1
1
1
1
1
-I

Entihal Py anol Heod

énezeM = capatity to do work oe +eon§fer heat
(€) A€ = g+w

) Styrofoam Cups

i~ 'S srendaed Stofe = 0.

o equ libei vm. N . )
i ‘ Wat OH =ZD'H 0(-/6'26‘!1 ctants
Heat _ +he transfer of €nergy -that +akes place because ‘ /-I St q/Cme‘l'a(\ - -—chq’-eﬂ\ ?\‘E:M‘ PAY ATTE NT:%SZO%C Mﬁse§ !260 )
C Q) of o duffeeance in +em peeatuee from het 4o cald. —lc=ug Slg'c _ AT b e ee e ea-
nWAits: Joules or kilgyules e . q’ Sheen bt
Enthalpy = Used to meaguee changes in enelay fe a Sulb N _ i Hess's law
- M (meray Comera AT conetal) = —[’-“ cwatee) Cluated) DTcam;S
C-H\ Congtant - peessue.e .53 stem. Units: «J [lm\ '(:Slmolrm ©

: AH = 9«9 \‘FOﬂDO,&ndo'H\eerc 4 DA oa+wo ssbstances , when C h\sl\Q, OT is lowee.

F
B pon' TFoRGET FHe SiEN ! C ohcd Exvtheemic | = AH Moloe heat capacity= C + molaa mass «f +hot Substance.

1

'

- £ equahung GRe added fogether, add vp total &H valves 1

E

M o o o - o e - ol R o o o o o ol ol

- IF an equaton 3 eeveesed, c&an%e 8gh of o
< (£ an equohen § mulfiplied by N melhiply Ot by N

FeEEmmmmm=,



& qui libRium

when equ i bRivum IS ReaChed.:
* Reactants and products are Simultaneowly peesent.
- The concentratons ok Poetial pressuees of o.i'?
species remain condrant
" No objervable changes oxuR inthe jystem
- The equi koriven &tate dJ\Om:c. "-H-\e Scavoed
and REeUeRrSE processes CGwrtinue o OCuR ot equal
Rodes ,eegAhng in no ne+ obSeevable change.
Exawnmples:
230, Q) + %2 ¢g) < 250 cq)

g Lquilibrivm
£ 5 "
g & EquilioRriunn
; -
8 \ CSo, ) v
8 \ Co?__) g
. /
Time Tme

Staet wirh all Reactans,
no erodv cfs and ach: eve

§taet with all prodvcts,
no reactants and achieve

equi \ibRium. equi \ibR{um.

I ]

. H

1 Reaction Quohent and Suilkeivm Constant s

1 1
1

: OA + bR 2 cC +aD i

! @ = Reactwon Quotient K= &quili beivm Constant :

[ 1

b @ -C ooy Keg =L Co) i

: caY CR)Y® caY CR)Y® i

i A+ any tiMe in '

c d

E a eeqc1:?ion Kp = (Pc\ (P, E

0 ) 1

SOLIDS AND (Pﬁ) _CPB ) E

Z Puee LIQUIDS i equilibeivmm '

Ace noT IncLuDeED! N !

! Exomple: S+ 20,09 & Co, Q)T 2H0G) i

' Q= CCo, ) !

i CcngdCo) i

'.::::::::::::::::::::::::'.:'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'

Dieechon of eeachon

1
1
1
1
:
\F Q= K, , ot eq:ri\;beidm E
¥ Q <k |, +oo many eeactarh. '
| Reachon peoceeds left+ to eght wnhl Q=K K—» Qi
1 IF A>Kk, too moanY peeducts '
1 Rea Chan proceedd eigwt fo left vnhl Q=K Ke— Q@ |

1

Q, K and OQirechon of Reachon

B
Al = B® Q= \[T
[ J [ J .

Q — =at[A]=0,[B]=1 ’

Q>K
3.0 A Reaction runs to left

[ kil )

Y L PY E . K=145
oo ¢ o
° NS ~ Q=K
o 0 Rca(c :\un‘r_}tmstlé;.lghl Rcacl(ign isaﬁqugi)brium
0.5 \/ :
0.0 T r T
[A] 1.00 0.75 0.50 0.25 0.00
[B] 0.00 0.25 0.50 0.75 1.00
Reactants Products
Concentration (M)
----------------------------------------------------l
° 1
Magnitude of K. :
(©)
o\ I
:
1
--------------------------------------------------- -l
--------------------------------------------------- -y
. . l
Propeehes of equilibrivmi Constant '
1
|. Reverse equation P \nyeet K. '

2. Md\fiplj Co-€Fficients by o 4o ctor - Raise K +o same factoe;
3. Add equahons dogether -b Multiply K constants i

érq nMmele:
e S CetgdYCH0d
ZQQCT)OD | CO c§ & B-h'l cs) < O‘HMCS\ -+ ‘H?_OCSB ‘(j_ = CcCo) C-ha'&

ReoCthon CQ2 (QD 4+ -HZ Cs\ é Co ('6) + —HLOCS\ l(z = T, CHy
2eachond:  Clige) + 21 0Q)S Copcq) + Uth() K3 = 1

1
1
1
1
1
1
1
[ |
Ccol Chp 63 |
1
1
[ |
1
1
[ |
1
|

Caleulahng Eguilbrivm concentrothons
.l N +rh = 21T )
Ar equilibrivin T, )= 0-1ooM  Ci13= 0-100M CHI) =0-IuM

Ke= CHIN . (03 | g1 o
M,2C1D (o 100)(6100)

Ex. Q.

i
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
I
1 oy ad
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
L9

Hy + ) = 2HL) Kc= SO
C-nzsj =C EJ: 2.03, Calce Ceqm'ﬂ

+ 1, = 2 HT|Ch)=2-156=0Uy
. 2.0 o C1,3 =2-1-56= 0-uy
el —x | - = £ 2x | CHIR: 2C1.56)= 3-12
sl 2-% | 2-x 2x PN §
kKe= CHILY _sro= 2x® x=l 5'6} Sce more exames

of 1CE TABLES IN
‘ICe ong pAGER’!
..................................................

2.0M

Equi hbrivm  Concenteahons

r
1
:
I * €Equilibrivam conCenteahons of eeactants and prodects
1 depend on itial concenteations

1

- K s always the same at- 0 Quen +empecaivee,

| eegoedless of witial concenteations

1 * There i3 no Such —Hnin3 a8 law of conseevation of moles
1

I (moles Con Chonge, grows Conact)

L9

L.—--------J

-

Le Chotelier's principlR

ex+ernal

Steess

* Concentration
Add Reactant V@ Q<K shigt & gut
Remove Reactant T Q QYK Snifr left
Add pEeoduct QA QYK Shifr left
Remove peodvet Y@ Q<K  Shift eugwt Q=K

Adding | Rewoving () oe () [ineet Svb stance [Catalysr : Noshi f

* Tempee ature

OHN>0 - Nremp T K QK  Shftegut
(endo) * Vtemp | K QDK  Saf+ lefr
OH< o, THemp K QK Shifh lef+

(xq) V+eMp MK Qe Shif+ ight

* Volyme |peess uee ,
Gas: TP/YV  SKhifrtofewer males of gas @ 4

VPITV  Swift 4o moce moles of gas A8

Aqueoss: Add 4,00) Shift 4o more mdes of (aq)
Remove H, 00! Shif+ toFewee moles of (ag)

SRR ———— |

Salvbihiy &qui libeiumn
Solubifiry of \nsowbie Sals
A Xa @) S AT+ X

Keo= CAYCXY = (ms\m(ns\)n

sp
Preciprahon : Qse YKsp Peeciptate Rems
Qse < Ksp MNo preci prate foems

Cormnmon \on effect:

- Solvbs \;1--.3 of a Salt deceenses when Adisgolved in o
Salvhon WwHh an ion Common with the saH-.

-So!ubi\'rl':l inceeases when 0N on v Solvilon Reacts
wib an ion n tHhe Sa k-

Jf° T M M RN S R R N N R M



‘03
PR A u
i e 3.0 —)H-0-H + CH, CH.C-0O
i .8. -~ . \-H | 5 2
C“5C“ac‘°'“ +

tAccol :HY donoe  Base:HT accepior Cond'usaie acd Car\')qsade bafe |
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when C(HA)< [47) pH 2 pka
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Solidd P SQS
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l£ 86770 : Theemodynam cally vnfavorsd
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[ ————————— e e e R T "
I Kinetic GovriRol :
i -086%1s negative  0CCURS extremely Slowly -
;- Laege ch wahon enegy, catalyst uled to lower of i
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i Coupled reachans

'MaKing a Reachon urha DE°>0 occur.

E:L. ExtSrnal Source of enegs

EL A'-fhezmodanammﬂj favored Rxn. Coupled wa\ unfavoeeol
Share 0 common nteemed:ate

Use Hess's Law fo deteemine A6

Sum of geachons A6° values <0 , .‘:\’hemnodnnam-mlbﬁvmque.
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G-alvanvc CVoltraic) Cell &lecteolyhc Cell
- Theemodynami cally favorable. - Theemodynamically unfavorable
- Anode and cothode in sepeeale - Aneda and cathod offen in
chombees Chalf cells). +he same chamber.
- Sal beidqe needed ‘ Power Soulce needed le. baﬁﬁﬁ'
* Produces Slectrical enesgy CW\ + Uses electrical eneegy ‘?—ﬂ.

- oxidahon af anode, Redvchon of Cathoole
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« Moles of oletrermined w
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1N = moles of electeons

ermoduynami CS
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cell potenhial ang Feee eneegU
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At s Volts (V)
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Non Standolrd ndihons
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Equilibrivm and Thermo dynamics
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