CHAPTER 1]  ELECTROCHEM/STRY

/N TH!S ¢HAPT ER WE wiLe .sraoy ELECTROCHEMICA
REACTIONS - REACT 10Wws WHERE ELECTROWS ARE
TRANWNSFERREYD FROM oWE CHEM(! CHAL SPECIES 70
ANVOTHER . THE SE ARE CALLED Oy 10 ATIOW-REDUVCTION
RE ACT/o0vS OR REDoYX REACTIOWNS . SomE OCFTH’S

MATERIAL wAS COVEREYD W CHAPTE R 3, P/07-120
ITS IMPORTANT TO ¢ET THE REDoy Nom EVCLATURE
CORRECT, FOR THE REAcrrow ;
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ELEcTROWS ARE TRAWS FERRED FROM 2/mwe 70 COPPE R
WE SAY THAT 2ZINC HASBEEN OV 10126 (cosr ==) Awo
COPPER HAS BEEN REDVUCED 7O THE METAL (gasud &)
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VoLTAIC CELLS
WE USE VOLTAIC CEeL S Eue‘n)/ WHERE . HERE /5 mow
THE/ WORK : Two HALF-CELLS ARE ComwEcTED

CATHONE

¢ Joeso0
COPPER

22" £ L' L

CovweEcTEDd .3), A WIRE THROVGH WHICH ELECTRING Flow
AWD ConweEersy INTERWALL Y Ry AN/0Nic PATH c ALLED A
SALT BRIDGE . 1™V ORDER FOR LSE FoL woRk 7o BE Oowe, Tiis
HALF-ceLL comPOnE VTS MUSTRE SEPARATEN —0D/REcT
convTacT oF C T An0 20?2 Wwoueo A}/ PASS THE wirRE
THE SALT BRIV6IE COnVTAIVG ELE T RoLy 7€ THAT Altows
THE Ftow oF 10nvs BuT KEEPS THE HALF-CELLS SEPARATE
REQueT/ow Occors AT THE CATHOOE

OXINATION OCCURS ATTHE AYODE

SHORTHAND FOR CELL LABELLIVG
a+

ZM/S) IZ'“ (ﬁQ) “ Cuh'@)g) ' CD(S)

ANOOE, OY1Y ATIoNn CATHOQE, REDUCLT/Iow
GIVEN THE SHORT HAWD MOTATION , WRITE THE CELL REACT/OW
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STAWOARD VocLTAGES
CHEMISTS ARE INTERESTED IV VOLTAIC CELLS BECAVSE
A REDOY REACTION WHIcH 6ENERATES FLE CcTRICAL ENVE RS
I WA VOLTAIC CELL WILL TRKE PLACE SPONTAWEOUS Sy
OUTSIDE THECELL , IV ABEARER , TEST TVBE OR Aw/umeke .
7O 3TVOy SvcH REACTIONS WE MAKE Os& OF THE PROFERTY
OF A VoLTAIc CELL kKwown ASs VOLTAGE
THE VOLTAGE IS A MEASORE OF The "ORviveFoRee” oR
yfofvrmvelr)/ OF THE REARCT/own, .
WE OEFIvVE A STANORRD VOLTAGE , E FOR EACH GIVEN
HALF CELL REACTION AS THATVOLTHeE PRODUCIED WHEND
ALL CELL COMPONENTS ARE NRT STANWOARRYD CowNlIT/owg
o 1 M or 1 ATm
FOR EXAMPLE
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WHILE THE RELATIVE VoL TAGE FOR Avy CELL CAVRE
MEASVREYD, WE CANVWVOT DETERMINVE THE HALF.CELW

POTENVNTIALS EYPERIMEMTALL)/



S0, AR al'mmtuy, WE DEFINE THE STANWODARD vVoLTHGE
FoR THE REQUcTIon ot jons 10 H, GAS TOBE 2ER0

° i - = cV
THERE FORE, E FoR ZM.(’)'% Zm (A) +2 < +0.7
ONCE OVE REFEREWCE yoLTACE |s ESTABLUSHED, oTHERS
CAw BE DETER Mm wED EYPERIMENTAU.}/
FOR EXAMPLETHE CELL :
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WE CAVv wow TABULATE THE RESvLrsor mmu}/ SocH

MERSURE MENWTS I~V THE STANDARO POTENTIAL TABLE P¢ 799
THE POTEWTIALS LISTED 6IvE U'S omé‘c.n}/ THE STAVOARD
VOLTAGCES FOR REDUVCTION HALF-REACTIOWS .
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CALCULATING CELL VOLTAGES FROM STANVOARD POTENTIALS
OVERALL CELL VOLTAGES ARE EASILy CALCOLATED FROM
THE STAVOARYD POTENT/ALS .

FOR EXAMPLE -
6
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STREWGTHS oF OXI101ZIVé AWO REOVCIv 6 AGENTS
FROM THE STAWOARD PoTENTIAL TRBLE yov cAw DECIDE
WHICH SPECIES ARE THE BEST REQUVCIW(G AGENTS THEY
AREAT THE TOP OF THE TABLE AWO HAVE THE mosT
NEcATIVE E° SUCH As &y *@q} +2 _"‘"739 -Jovv
THE BEST Cx1012 1w AGCENVNTS 4RE AT THE BoTrom 0/~ THE

TABLE AwWO HAVE THEMOST
POSITIVE EC sueHAs F +2a = :u:'(‘q) E%= 1 2.€7 v

RE MEMBER, THAT PosiTIVE E° mEANVS SPoNTAVEOYS

FOR EXAMPLE:
ARRANGE THE FOLLOWI NG 1w ORDER OF INCRE ASIvé
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CALCULATING D ¢° FROM STANDARD PorenmTrme

54511-}/ THE MOST |IMmPORTAWT RESULT OF ELECTROCHEMICA
STVOIES FOR CHEMISTS IS THE ABILITY TO MEASURE AD¢®°
FROM CELL VOLTAGES. THIS 1S BRSED on A PRINCIPLE FIRST
OEVELOPED By 6I1BBS. HE SHOWED THAT 56 1S A MEASURE
OF THE “User- work '’ THAT cAV BE QR TAIWED FROM A
REACTION. ELECTRICAL WORR IS USEFvE woRK
WE OI1sTiv6visH BETwWEEN TWOo CASES:

’) A SPONTRWEOUS REACTION TAKkvG PLAcE /A VoeTArccEe.
L6 Is NEGCATIVE, NUMERIC MLy EQUALTO THE MAYN LA
AMovmnT 6F EnvER &y THAT cAv BE OBTH/NVED FROMTHE ceu
ZA{:} + C"z;c)_’ Zm?:n) B CJ(‘) D6 -2akF

,z) A WoWSPONTAWEOUS REARCTION TAKING PLACE |V AWV
ELECTROLYTIC CELL: DG 1S POSITIVE ., 70 MAKE THE
REACTION OCCVR, WE mes7 SoPPLy AV AMounTOF
ELECTRICAL EweR &y AT LEASTE QAL TOL G . FoR
EXAMPLE, THE ELECTROLYSIS OF WATER:

Hzo(d -y /'(,(’) fZO‘(’) OGCG= +232.2kT

70 ELEc.7Ro:.yz£ ONE MOLE OF WATER WE MusT SUPPLy
AT LERST 2A32. A KT OF ELECTRICAL smszo-/.

FROM THESE Two CASES, WE CAW sge THAT we CAV OB7A
THE VALVE OF DG FRoOm THE AmovwT OF ELECTRICAL E'ysﬂé.}/

PRODUCED OR £ XPEWOED ;0 ACELL . THE CELL VOLTRGE /S
.s'/mm.y RELATED 1o OC¢
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NOTE THAT QG ANO  E HAVE o PPOSITE SIems
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NowsponTaveows > O6° rosimive , E°wEeATIVE

FOR THIS REAcTIOW :
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SIvcE youU CAN Wow CALCULATE D6° FRom E?, Yoo
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EXAMPLE 2 CALcUL ATE Evl &>6, K
FOR THIS REAcT/ON :
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MHALF REACTIONS:
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SIVCE WE NOwW HRAVE SImpLE RELATION S 1pg
BETWEEW @60, E° Aawo K, WE cAnw TAKE THE
LAST STEP AwWn RELATE THE STAVOARRO PoTe wTIAL OF
A CELL TO (TS ACTVAL POTENTIAL AT NVow STANIOARD
covdiTionvs —

( wext TimE yovr chAr WONT START BECAVSE THE

BATTERY Is DEAD, you cANV BLAME THE NERNST covnTiov,
WHICH 1S A E QUATIONV RELATIVG CELL VOLTAGE TO THE
REACTIOV QUOTIEVNT §

AT WONSTAVOARD CowOITIONS T HE VoUABE OF A cele EQuALs -

el C€ce
WHERE Q S SoLvED FoR ExAcriy As K, BoT vowsTaAwnAry

CONCEWTRATIONS .

E - E° — .
'3 Of‘sq Q

THIS 1s ANV INTOITIVE CONCEPLT — AT FIR ST, WIiTH REACTANVTS
AWO FREE ENVERGY RT MAXIMUM LEVELS, THE CELL PRODVCE S
MABXIMUM VOLTAGE E° As THE REACTION PROGCRE SSEs,
REACTANTS DECREASE | & G OECREASES Awo THE CECLL
 VOLTARGE DECLIVES. USE FUL woltk s DBEIWE DONVE .

AT EQUILIBRIVM , THERE ts Mo MORE WET REAcTIow , OG0
AWO MO voLTAGE EXI1STS . THECELL 1S DISCHARGED.

EXAMPLE OF A NERNST CALCUVCATIOW

WHAT /s THE VOLTALE OF OUR CoPPER-2me et ( E% Liov)

|F THE [Zmé]: [,y,o'sm Awo [—éu’:}) r O./100mMm ?

EVALUATE @ 2,\25) *+Cup, 900 + 2. m*2
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SUGBSTITUTE THIS VALLE FoR Q |INTO THE NERNVST EOW.

' 3 « £% - 9—%:1&;0 GQ-Ixro?

CELe Sk

E= /10 - 0.03 xX~-¢
= .10 -F0.4a) = 122V
IS THIs REASOVABLE ! Syoucn THERE BE A CARGER DRIvIvVG
FORCE FoR THI(S REACTION THAW TRE STANOARD OwE |

FROM THE ABOVE, Yovcaw §EE THAT ITIs PosS/BLIE TO
CONSTRUCT A CELL WHOSE VOoLTAGE IS PROPORTIOWALTO
THE CONCEWTRATION OF Awy REACTAVT. Al¢ youvHAVE
o Do 13 KEEP ALl BUT 0 WE REACTAVT cons T7ANT (By
KEEPING THEIR CONCEVTRATION RELATIVELY :.mu-e) Ao
THEW THE CELL VoLTACE OEPLPENDS onLy On THE COMCENTRATION
0 F OWE REACTAWT.

THE MosT Com mOow OF SUCH ELECTROCHE MICAL CELLS IS THE

pH MmeTER sce racE §09-8/0 FORA DEscRIPTIOW
MmAvy oTHER CEUS ARE aommsﬂa&)ce_)/ AVRAILABLE . THEY
ARE REFERRED TO AS /ONW-SELECTIVE ELECTRODES . THEY
CONTARAIN ELECTROCHEMICAL CELLS WHERE THE CORR VOLTAEE
1s PROPORTIONML TO  K*, WH*, Ca™” Mgt oK Any oFA

WIOE VARIETY 0F ECECTROLYTES Ao cVENV SOME
NMon ELECTROLYTES,



EXAmPLE 2 NERNST cALCOLATION

FOR THE cELL: Cdesy | Cd™ 0.00mll HY .os m [ H, (l.anrnlﬁ
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ELEcTROLY $78

| v AV ELECT ROLyTIC cCelL, AN ELECTRIC cVRREWT QRIVES ANV

E WownN SPONTANEDOUS REAcTION . mmv/ PORE ComPoow?ds

6 THERWIS
ExampPie Na awo €I,

OR ELEMENVTS ARE MADE THIS whY/ -
Nat & =™ Ne® mETAL  cATHODE
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CALVvANIZIVG

A CORATING OF 2/wc CAW REAPPLIED TO IRONV By

O PLATIVG (o& A THILKER COAT By 01PPIWE THE

ELECTR
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2/wve IRoV
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“N /omerﬂ)/

“HE AmoowT (iwn maces) OF A SUBSTAVCE CEVERATE O AT THE
" €¢T ROOES 1S PROPORTIONAL To THE #H OF MOLES OF ELECTROW §
qmS FERRED. OVE MOLE < = 9.6SY 10 CovtomMBs



