
“| vespay Apne Iq LOA AP Ctemerey 

C Cy &O Evecrrocemsrey 

Oxi varion Numpecs Sea uso ca. py !40 

Ox. Nos ACE 4 [B0KKEEPING METHOD FOR KEEEING TKACK of 

How ELectRonS Ate ExciHanbeo IN CHEMICA ReAcTig/S. 
Cures: CD Exemenrs AS pyre Su@stances iN THER STAND Ales 
TT FOAMS Nave AN Ok. NO. OF 2eRo- 

Fe Aq Ca Pk Su Cy 

Hy Na Og Fa Cla gta PR & 
(Te ox. ND. OF A MONATDMIC ION IS EQUA 

TO THE 1ansS CHARGE: 
( Net is 44 Fe os th 

C(~ is -l 4 is —$ So Non—meracs FREQUENTLY NAVE NEGATIVE 
OX .NU.S IN COMeoDS 

SOME. SFECHC, USEFUL FRETS Agr Commya) ELEMENTS 
F Es ALWAYS —| IN Ate COMPOUNBS 

\ TEES COMIN ATION Ub EX DA ~ meracs 
iS —[ (8 CAR Wy ive Meracc 

(O's —R-IN NEARLY ALC ComeouAise 

CU Be Tw Biwaer Commies ARE —| 
As CENTRAL ATOMS IN OxyANionS + / +O 45 ore tt 

4 THe Sum O& OX. NOS. (N Formuta EQUALS 
C THE ovehAce CHARGE, 

(\)



a- S44 

HaS f22 SOY ba 
- +( cla 2 Kmay K0 

Cl, Ae 0" 

H. SQ, He, Mnd, Bet 
° ar O-nk 

Ay OX DATION - Reducer ioN oR IKEDoXx RIM 16 ONE IN 

Ulicy ELEcTRoMS ARE TRANCRERRED KeTwecn SPECIES. 
FoR Bx. aNa + Clo —> IN Cl SYNTHE SUS 

va B el -l 
S(NG LE 

dig N03 + Cu 2 Ay t CulNd3)a REPLACEMENT 

x +5 -A D v4) #QX 18-2 . 

O 
cpurerrons iS THE GAN GF ELECTIONS So THAT Ox, NO. 

~ 1S Répucen ok DecEASES* NEPAL RED eTON 

Fe3* +3e—> Fe (+) > (2) 
NON - METAL ReEbUCTION 

Cla 4+ ee > XCI  (@)->€) 

To Susriey THE NAME, CONSIDER THe @EDUCTION (N MASS 

foR AN ORE TRAPS FoteveD (NTO A METAL: 

Fens + 3C > tre . SCO 
tay ° _ 2(154.2)= ga) £(ss.¥48) = pee Y 



“Ty 2028 04-14 AP Crem 

Di parton IS LosS OF EcEcTRomS $6 ywar ox, NO. 
= oss —_—— 

< INCEEAS ° 24 _ METAL OXIBATION 

Fe > Fe” + Se (@) > (+) 
a Dn, +2 “e wert IPAM 304) 

> - a 
pe RON FR AE 
[ememeer. OlL. RAG en revere 

S$ 

Loss ° FES 8 GAIN eS 
gre eet FONT 

Ge Are “TO ANALYZE A CtEMIMAC EQUATIOA ‘To ID ENTIF7 

WHAT (S OxiDi2zE AND WaT 16 REDUCED - 

Zn + AC! —> 2ZnClg + HQ 
ZB ~| tr ~-1 Bb 

( Zu tS Oxipizes Cn > 2n™ + Qe 

LI # IS Reruces YH 7 +he Ma 

TERMINICOWY (> PUR TEXTRoo, BUT MT gn tHe AP Exam: 

Zn (6 A RedvVEISG AGENT Ble iT Guses Ht 7o GE (ebUCcED . 

He? (Ss A Oximi2WMG AGENT Ble (T Auses Za 7 Pr Ox/dizen, 

Deme: Smee Woe + Aype@oertiori¢ ALiD —NorTe KUBREcesS AND 
Cook CHANGE, CRITE 4A Citemica EQuURDON sar ANS 
Kepucts, WHAT Oxi dizer? 

Fe tatic: >» FeCl 4 Ka | @



Creemcins KEroK RES (N76 TUS6 SEPARATE But 

LINKeb Processes CaN GE TAKEN ONE STEP FURTHER, 

Ky WRImNG Them AS HALF - REACTIONS, A TAC LE F O 

THese (5 ON past, “THE TABLE (5 IN ORDER From 

MOST —EAS) y - ReoUCED TO CEAST APb Ate HALF REACTS 

ACE GIRITTEN AS A (ERUCTION, UOR irre IN REVERSE, 

THey = BEOME OxipaTuN HALF REA CT ONS, 

EAcu Ken erioN HALE -(CEACTIOAS (NeeuoEsS THE HALF -cEeee 

MMeEnveriaN = PeTer TIAL. (E24). UJ tens HALE - [EA CTINS ARE 
fe 

COMBINED End Vatuves cap Be US TO CALC. THE 

VOLTAGE OF 4. BATTERY KASED ON THAT COMBINATION OF 

HALF-RDS 

T Hermon Yu Ann cacey FAVORED COMBINATIOAIS HAVE A Pos ITIVE 

Value For THE Som @ EL 4 ane ES, wee O 

Ce = Efe FR TH REVERSE (ZEB. REN. 

Ecol = Cred + Cox 
Yor Ex. Fe + le @ Fe Ete tO7eV 

Cy + Qe7 = Sy Cred = tOUSV 

IjRire THE Lowee-VALVED HALF-REY W REVERSE - 

Su > Su the” Ey * -O.1SV_ 

App ‘THE OX, AND (RED. HALF RNS, MAKING SURE tO MULT. 

BY Core. AS NEecessMY 10 Me THE NO OF GS EQUAL: 

$+ Sat -—> Sn it XE ©) 

a+ 

are +Sn"* —> aFe Gn Ecc =(+0.74) + (ous) 

Ecol = +0.6QV (at) 



, Tu 2086-04-14 AP Crem 
EE IS AN INTENSIVE PRoPERTy AND ITS VALUE bOES NOT 

CHANGE WHEN A HALF-Rx<N 1s MULT BY A Core. 

“THe Numer of ES ( n=Aes Incr EXAMPLE) MUST 

MATCH SO ‘THEY CANCEL cur OF THe OVELALL REN, 

“Tue Vizve oF VN tS SMPORTANT WW) CALCULATIONS, 

~] He SIGN oF e° iS REVERSED (+ to — OR — 72 +) 

WHA A Men (§ REVERSED. 

Sauce comBines [SKNS MUST BALANCE 

| Avams 

2, CHarbe 
%. ELECTRONS 

a 

(Ue Wie SKip BALANCING Kear Rens By THe Uncr-feXN METHOS 

(N AccDic AND BASIC Sorutre Ric rr 1S COMPLICATES ANB 

( Nor pesTto on THE AP Exam), 

Vourace Care 

AKA. WATICRIES. /| VOrTAle Ce 1S 4 CHEMICAL 

KRERCT ION COMPARTMENTA LIZED SO THAT ELECTRON THANSReR 
HAPPENS THROUGH A WIRE. THe TTUNSFERRED ELECTRONS CAN 
SE MAveE TR DO WORK, 

Ker Teens Courome (CC): THE UNIT oF 
ore (V) A MEASure o€ ECECTIUCAL CHARGE 

Eteartie AL POTENTIAL 4e: boaxis™!4 C 
NERG JOULES “oy ~ 

Couome [ C) « (3) fee Lol m 16,95 Me oar 
4V=45/e emf = ELECTRO meTIVE For ce. _ CONST ANT 
VOLTAGE 1s (NreNSive AND A SY NONY FoR VOLTS AND EQUIVALENT WO 

lc IT 15 A FATIO IT 1S INDEPENDENT Ecell WHICH (S THE VOLTAGE For 

OF Te AmUNT OF MATERIAL | A PAIR oF HALF -(lcngs yp ycten) S 
COME INED S-



E coll (¢ posite ( +) FOR A SPanrANEOUS IeXA). 

Fool rc neGaTove(—) For & REN SPON. IN REVERSE 
cé (% eon 

Lous as DIAGRAM A \loztrate Cec 

rest, THe CHtMion EQUATIONS 

Cy" + Qe > CU E,o4 = +034 V 

7 At 

By ole >—Piu Fred
 = —O, eral 

een Bn + hE Fa. = +0. 76V 

Cu + Za —P Zu + Cu Eps = +0344 (40.7) 
=1,10V 

Secona THe PHYS(CaL SET UP= 

Clem Als: 4y Cem rcs Cu 

a) 
zn, A eve Cusdy ( ATHe DE 

(OXIDATION ) ( REDUCTION J 

& = lhioV — 
EA f,) , Vé. 
AM 

ip. Age (< Caer BRI OGES 

Z / Te COMPLETE THE 
Sar I Ci Rout BC 

Zu Baebe SU ELECTROLYTES 
2 ( CoTtun S0AKED Cu CoMbyer Eocexnicrr7), 

~ es Ww TH NaNdz Le 

kRoy Nat? 
4M tu SQ, (oN migrearon 7M CuSO, 

Nore: THe Sour Piece oF Cine Loses smss AS THE REA EROCEEDS 
Ble Thc au TOMS into SocuBce 2unet (ANS. T He SOL I 

Plece OF CoPeet Gains mass Ble THe DiSsorven Cy Zt sans 
TURN (ND Sow Cur. 

IN-<tteory ANY FAIR MALE-ReEAeros (as TASOLATED ON CFl O 
Ab (N ep guplo< E) Cady Ce Mem To MAK A YyouTale 
ces everse tHe Reoucnon MACE-RAN WiTk THe Lowe 
HALE -CeLL POTENTI, EVEN Gur £ LECTRINE, AND Ay |



Tu aan -of-14 APCHem 
Nore: Ch ( He STAN OARS yore toen EvecT rove ( SALE. ) 

Las A DEFINES Hace-cee Potentind OF O,OOV, 

Aue OER HALF-cet PoTEN TIALS ARE MeENSULCD 

RELAN VE ro THAT, 
enreenirnnt mera nde ee erate 

Hows + aceATE AN ACB ITRARY VOLTAIC CEIL' 

Gives Thwe KEbVeTION NALF - Rea > 

Nutt + Qe > Ni Epea = ~ 0.28V 
Al + 3e7 AL Eek = — IMG V 

Reverse THE ONE With 4 Lower Feed : 

Al > Al + Se Ee = + | eev SD 
( Reverse SIGN) 

Do THIS S68 THAT THe Sum is es 

EVEN OUT THE Erections Witt A MULTIPLY ER AS NEGO ED, 

AND COMB WE TH WRITE THE OVERALL. NET NS 

E QOAT LOS | , _ 7 

3(Ni Qe» Ni) = SNi * + Ee > 3Ni 
2 (Al > APT +3e7) = 4 QA > QAI 4687 

Nit +QAl—> AAU? + ON; 
N= Gwel €7 trancrerren 

(THE CiteM | EQN. THE KO. OF 2S CANCELS our Rur US 
IMPORTANT Far laTER CAL CUCATIONS. 

C 

@)



GH Tie Ae Mt ebU eTION POTENTIALS 1S A MRE DETA)LE® 

ERSON GO THE Acowry Series Feo”m CH. it. 

FA | 
TAKES ny ORDER ; FROM MOST PostTIVNE THROU 2&No 7 

Mosr = NEGATINE ) THE TABLE QUANTIFIES THE (eecATIVE 

THERMODYNAMIC FAVORABILITY OF “THE [REDUCTION CF OTHE 

(ONS SHown. lows Ar ate rep ARe “EASiex RedbUCEd “ 
AND So SERVE AS Oxipizm6e AGENTS. los ar THE 

RoTTIm Ace USERULY “THoUblT OF 45 THE PRODUCTS oF A 

Reveesth NALF-RKN. ; 

Comper: Cu tde > Cu Een ~ 40,34V 

Aut +2e ay E2pg=O.00V 

Zun** +B Pen Ezeh = -0 76V 
Sw 

See A COMBINATIN OF Cu And H IONS Gide Give 

AN Excell OF —O3YV Bcies Bo NNT Dicsorve Cu. 

On ‘tte oTter HANS 4 ‘CUlMemneTION OF Zr ans Hosa 

Given AN Ceol F + O,46V ans Yn dDiSsorves READILY (N 

Actb. See Wy b(SSo_vVEb Cu- PLATeD gu PENNY. 

Free Energy ans (Cevox Orns 

[Hermire SP wares F207 * aA —> Al,07 + ave 
43-2 

(This “oer NAS , very Lance —L Cy 

Econ ot Cece Porentia. Ges wre. ACT THERMODYNAMIC. 
Favorasirrry Cai SPourawerry) ' 

soe ~Ceell A Reps (£ Non-SPON 

fon ot elt / A Gani CS Stonrancous 

O



Fo STANDARD ConbI TNS 

\)= THE NO. OF wol oF E's 
TRANSF EZREO 

_ a 

Fe Faraoays COMSTANT,) WOUICH IS THE Amount OF CHARGE IN 

Awol & evecrnms: 16,4 Ch) oe So 
. “uso” 

Fon ths EQN, Corvenr kT Swe AG 
So ‘THs UNITS Wore QUT! 

AG 7M rE (CE EMBER ine ae 

(J) =~ (oI S\(E) Ave 45% 

So, @iveN AG 760 CAN CACCHIATE Ee ANB Vice VEresA. 

Vn Nem A BALANCES CHemicac EQN, WHICH Jw can USE 
qo FIGURE OUT THE VAtuEe oF WN, 

lr [S ALSs Possi@ie te Revate F° v6 Keg | susT 

AS we Kecates AG* ve Keg tw Ca. (9: 
AG? = -tT la Key 

-NFE? = —KT Ia Kee Ss Eo = nee 

ive We RE AT 1T , WE CAN ACSo ave A. Tw tecvin( K) 
food AT HOW Ck VOLTAG 
QuonENT® AG = AG? +eTWQ 

$5 _ Ww FE= cae MO) ae (DIVIDE Born SivEs BY -aF) 

K [eee ey, Tite Neesr Caurrian (4) 



— O° eT a _ Ppeovers | 

t= a — vr vl Q [ (eacranrs | 

For THe AP EXAM YO) Wite NOT NEceEss 4@izy NEES TO O 

bo CAceulaTaons Werte THIS EQUATION. However THEY 

bo ReQuize fy TO USE IT TO GYIDE Yok CONCEPTUAL 

easomiG FOR QUALITATIVE PESCRIPTIOASS, 

We Wie Pi SImME CAdcULaTIONS TO Get A SENSE OF 

oe” (T ro, [ent Co wr>Cu + Zur 

TAND AD Ndi TNS im 24 | = =| OV 

+=29xKe Ale one. = 

E = lov ela dt = blov 
Under stv. cna. E = E° 

Batreny Vourace Boosr a Cire Exremper O 

As THIS REDOX RKN Aves TUOWATH EQUURRIUM C Cu2*) bored. 

beceedSt 4Ns | eu?" cone iaserease, Wren Cy ts usen 

UP He @ATIELY 1S “Y>EAy |, So TO EXTEND THE 
{ 

Bareny LIFE IT CAN BE STAnr eS (dH (Cu | >1M 
att A 

AND [ant \< 4M. Qe = re ~ a =] 

_ po 5.04=,) (a4ek) 3 
= = (10V = CE ge 
ow _ aa + Lev 

mene _ - O 

(Seas, Q Gers SMmeh, yorrace tweens 7 He MQKD 
a Fn Q & | 

“TS [5 THE Same es Saying AG GOES DOWN (W WAtue’ Le ITH (0) 
GREATER THERMODYNMIC FAVORA BILITY, 



Tu 2oag-04-14 AP Cen 

“Garmenies Cun DouN 

C As Tire REACTANTS (N A BATTERY Até USED uP ANS 

AS PRoouer Conc. (NCREASE, 4 BATTeRy’e VorraGe DRoPS. 

Puncri0nacey ONCE nr Bots BELowW THE MINIMUM 

VOLTAGE Necessnty 7O RUN A PENICE THe Device SsT0rs 

Latter. We cau THAT Garreey “DEAD BUT A 

sreucy ‘PEAR BATTERY Wor HAVE E= OV. 

Zu + Cum > Cu + Pret EP = lov 

C2a* 1 Lom 

‘bring Garey: C2 Wayaae 0.0001 

Es (.10V- EE iqtscn0 = [10 ~O1aN = t0.48V 

|S is Q INCREASES Vourace Decreas cES, ns | Bare 
a 

a, AS Q iweR AG Goes uP IN VACvE 60/74 

A Lesser THERMODYNAMIC FAVORIBILITY. 

= ($000 

T te exkecr of TEP. Gar Be ANALYZE Yusr USING EE oT lnQ 

pic E° (S Deeenpenr oN vemPeRaTUrE: Cac. AG? ar A 

New rem, osiNg AH? Avs AS° wy QG°= JH°-TAS®. Titen 
cae. A New VALue FoR E® using AG? -nF LE? 
Gaveray as T rises E° becrtenses AND 

Ast Fates C° Werenses (IN VALUE. 

 Kecause WE STIde “To LAG K Foe These CALCULATIONS AND 

‘e Re SOME FOLKS PREFER lego Over NER ln We. CAN TAKE A 

Stoercur IN HE Nernst Ley: 

[Ee fpsssav | lo Nye | 

J" 1 @ 



\Camenves AND Foe Cus 
a 

COmanere ac BATTERIES ARE SECF—coNTA(NED VOLTALC O 

CELLS, OR SERIES CO CELLS, 

AAA AA C AND D CEU BArpetres ACE SINGLE CEUS 

WITH A agers VournGe oF 1S V. Counecrtd uP 

PLUS TH MINUS oR IN SERIES VYoLTAGES Aow UF. KB 66€2 

CELLS DUST HAVE MORE RERCTANTS INSIDE “0 THEy CAST 

LONGER , 

L posters (G V) Q-voLr, ave IAV Barreies Have 

MucPLe CELLS IND SERIES (NSIDE THEM. 

Derener CHEemMicee RXNS ALLO Foe DIFFERENT RATTERy 

Features Such AS VoLrace, LIFESPAN, ANS ENERGY DENS (TY, 

A RecHaeGaReee BATTERY USES A Reversiele RK WHICH 

Deuvees fwweh wrtes DisctyeGep anp RUNS BACK WARN 

KKEPLEMSHIMG REACTANTS WHEN ELeettcirTy (N RUN THROUGH 

IT (NW REVERSE, 

O 

h eoee cece (S Like A Satrmy (N THAT (T USES 4 

SEPARATED Citem, RXN, TO GENERATE ELecraiciTy. (He DIFF. 
IS TMAT (T CAS BE CONTIN VoUSerY SUPPLIED WITH FUEL AND (S 

Net Ster- covvainep, AL Hyoroom Fue CEL COMRINES 

Ho avs Ox Th MAKE ELEeRiciTY AMD WATER FR EXAMPLE. 

Corzesian 

Most meracs Witc REACT WITH OZ AND Hy 0 TO Fory 

Oxloes, Many For, IMPaeVIOUS AND Vaey THIN LAveRs on () 
THEE SugFace, WHICH FREVENTS FURTHER OX! ATION 



“Tu 2086-04-14 DC uem 

\(eon Corrosion 1S DIFFERENT —AS OXIDATION PRocEEDs 
—— 

( pore AND MORE OF THE METAL (S ONSumED, [His 15 IN 
PAC DUE “to <THE FActT Thar (feoS (DE) Ok MDE IS So 

Much LESS DENSE THAN [Ro * THE MATEMIAL GePANBS 

AND FoaKes OFF AS IT Forms. 

Fe D= 2.49 lem FeO; b =F Ag lem 

[Pon peusTs [os ConrAcT WITH WATER AND A(R, Sacry WATER 

AloS THE Pocess Bic ELECTROLYTES Conbuet™ ECECTREITY, 

le pH mae NO RUSTING Can TAKE PLACE. 

To €REVENT RUST, TWd PRIMARY MeTHODS sre USED: 

(O Paisr — keer 02 amr HO Ausay 

( (D CatHerre PRorEcTIIN — MAKE AN ELeerhi ae 
CONNECTION) TO A WORE -EASILY Oxspized METAL. 

Conroe = jecbuctoN (F eo connect Fe 16 2n y 2 FUXTE THe 

Anove= OXIDATION An AGHT ONTO THE (oN CA PROCESS 

Knstwn AS GALVINIZATION ) Mo M4ke THe Se INTO A 

CATHODE AYd yHE Yn INTO AN ANODE, (1 THIS OSAY THE 

Zan OXipiZes AND Gives (TS Electrons “T0 Ye, KeerinG 

IT FRom MUSTING, 

(see ALSO SACRAELCLAC Anovess )



a LECT ROLY SS 

MCesexe LKSNS Wier ARE SPonTanes (IN REVERSE ©) 

Cad Be DORVEN (N REVERSE BY AN APPLIES VOLTAGE. 
eS 

: Demonsrren ons CLECTROLYSIS. OF WATER ( Horearann Avparavus | 

OX.: AnNoweE (2430 > O, + 4H + Ye) €° = -lagv 

Rap: CATHODE +(44,0 + 4e-—> Rts + HOH ) [(° = -0,¥3V 

| 6430 —? RH + Oy +4Ht +4OH~ Oelec ~ —J,C6V 

Lio > ath 4 Os + Wid 

Tt. Ev ectror ATING Cu Ow 1d A 
" EG. CHARGE te Cyt Reouces Cu ONT? SuRFACE 
OS. CHARGE TE Cu: Oxrpizes Cu OFF oF SUR cACE O 

Evcectrery sis (S usth ‘Te PURIFY Cy’ CuO +C > CO +404 

— Any To Rerine A{ From Als0, FOONOM ICALLY USING 
Cea Hyo@eeLectkc Powe; - 

U0 ren A METAL LS ColLleEecred AS A Doei® BY ELEcrRoLy sis 

IT (5 CAtre> "PLATING OUT. 

Key “TEeRms * Courter 15 THE QTY. OF CHARGE (c) TANSFEReeeb 
Fee unir time(s). Une : © oe A 
4. A = 4 £ A: AMPERE. 

Power. (¢ tHe QTY OF ENerGy (5) Pec UNIT Tive (s) 

Units Da) AW=4I54 We or 
Y CATING IS THE Process O USING ELECTRO curewr O 

TO Give ELECTRONS 76 Meta (ONS (cEDyCING THEM 
fo Tee METALLIC STATE 



_ Tu 2096-04-14 APCHem 
He CE Likes 18 PuT QUEST /omS AQyor ELEcTIaCy sic ON 
THE AC Exam. Tite Exam Retenarce INFORMA Jweeves 

C THE €Qu4TION __ (a) 
_ go J = comenr(A 

De gy eimar(cy & got 
t= rime fs) ot 

(Questions ay ANQGHT SEE INccUbE : ce aa 
I. ELaPcen Tame +78 PLATE QUT 4 SPECIF; 
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