in this video we're going to talk aboutelectrochemistry and in particular thetwo types of electrochemical cellsthere's the galvanic or voltaic cell andthen the electrolytic cell so you mightthink what does chemistry have to dowith electricitywell what these cells do is they convertbetween chemical energy and electricalenergy and you might think how does thathappen well remember when we learnedabout redox reactions and how theytransfer electrons that's allelectricity is it's the transfer ormovement of electrons so if we have aredox reaction we have the potential toharness electricity from it so this isactually really cool because this is howbatteries work so starting with thegalvanic or voltaic cell the mostimportant thing you need to know aboutthis is that it is a spontaneous processand it produces electrical energy and wecan harness this electrical energy andwhere is the electrical energy comingfrom it's coming from the chemicalenergy from the redox reaction that'soccurring here so the redox reaction isoccurring between iron and copper andthe setup here looks fairly complicatedbut the good news is there's just a fewimportant things you have to know aboutit so over here we have a moltensolution of iron and then a solid blockof iron and then over here we have amolten solution of copper and then asolid block of copper and these blocksare connected by a wire here along whichelectrons can travel and this batteryhere is facilitating the transfer ofelectrons another important thing youshould know is that these solutions areconnected by what's known as a saltbridge and this essentially completesthe electrical circuit so you shouldremember from redox reactions oil-rigoxidation is losing electrons andreduction is gaining electrons and thatshould remind you that over here sincewe're losing electrons from thissolution the iron solution is beingoxidized and then over here since we'regaining electrons in the copper solutionthe copper solution is being reducedanother cool thing you can remember isan ox red cat and this reminds you thatwhere oxidation is occurring this isalways where the anode is and wherereduction is occurring that's alwaysthe cathode is so how did we know thatthis was going to be spontaneous well itturns out each element has a naturaltendency to want to either gainelectrons or donate electrons and we canquantify that with what's called thestandard reduction potential or II withthe little degree symbol or sometimesknown as Enoch so you can see here thatI've written out the standard reductionpotentials for copper and iron and theyhave a certain voltage associated withthem and you can see here that I wrotewhen a naught is positive Delta G isnegative and when we know Delta G isnegative we know it must be aspontaneous reaction so since the II notfor copper is positive that means coppermust spontaneously want to acceptelectrons and get reducedbut since the e nought for for iron isnegative that means this is a nonspontaneous reaction Delta G would begreater than zero so iron does not wantto gain electrons it does not want tobecome reduced it actually wants to dothe opposite and wants to get oxidizedit wants to give off electrons so inthis case when the iron gets to give offelectrons like it wants and the coppergets to accept electrons like it wantsthen everyone's happy the reaction isspontaneous it happens without anyintervention and it actually producesenergy so again this converts chemicalenergy into electrical energy in otherwords it collects electrical energy froma spontaneous chemical reaction and thisis like using a battery to power adevice like having your phone in yourpocket a mobile phone that has a mobilebattery that powers your phone whereveryou go so the important thing you needto know about these calculations is thatII not is always the standard reductionso notice even though I've written outan oxidation reaction here becausethat's what's happening you have to usethe e nought for ions reduction andsimilarly we use the e nought forcoppers reduction and that's actuallywhat happens copper is getting reducedso the equationto determine e-cell or the overallreduction potential of this entiresystem is right here ESL equals the enot of the cathode minus the II not ofthe anode so here the cathode was 0.34volts positive 0.34 volts and you canjust find this on a standard reductiontable and the e nought for iron wasnegative point for 4 volts and again youcan find that on a table so the cathodeminus the anode minus a negative meansthis is going to be plus point 4 4 weget the overall es L is positive 0.78volts and again when es L is positive orgreater than zero it is spontaneousDelta G is less than zero okay moving onto the electrolytic cell so this is anon spontaneous process it needselectrical energy to occur so this redoxreaction doesn't naturally want tohappen we have to power it this isanalogous to charging up a rechargeablebattery from a wall outlet you know yourphone is not going to charge itself youhave to plug it in and obtain theelectrical energy to drive this nonspontaneous chemical reaction so noticehow we have the same setup we had beforeexcept there's one important differencethe flow of electrons is reversed nowit's going from the copper to the ironand remember iron has a natural tendencyto not want to be reduced it wants to beoxidized it wants to go in the oppositedirection because it has a negative Vnaught copper on the other hand has apositive voltage associated with itsreduction so it loves to get electronsit loves to be reduced this is positivethat means it's negative Delta G andthus it's spontaneousso naturally the electrons want to go tothe copper iron wants to give them upand the copper wants to accept themthat's why this is non spontaneous sonotice how reduction is still at thecathode and oxidation is still at theanode that's never going to changebut now the copper is the anode and theiron is the cathode so using the sameprocess we did to obtain this e cell wecan do that over here soagain II not 4-iron is going to benegative 0.44 volts because we alwaysuse the standard reduction potentialtable to find that negative 0.4 4 voltsand again the e nought for copper eventhough it's being oxidized this time westill use its reduction potentialstandard reduction potential for itsanat and we get positive 0.34 volts sofor our es el equation e cathode - anodethis time our cathode is 0.44 volts andnegative 0.44 and then we subtract eanode so minus 0.3 4 and we get negative0.78 volts that means e cell is negativeit's not greater than 0 it's negativetherefore Delta G is greater than zeroso this is non spontaneous this does notwant to happen that's why now thisbattery is doing work it's actuallypowering this entire process so thisprocess converts electrical energy intochemical energy in other words it useselectrical energy to drive a nonspontaneous chemical reaction to occurok since I talked a little bit aboutstandard reduction potentials I want togo through this chart a little bitbecause it can be confusing so this isan abbreviated chart I don't have all ofthe elements written up here but I justwant to illustrate the concepts and howyou read this chart so standardreduction potentials essentially tellyou the e naught or the voltage that'sgiven off when a certain element isreduced at 25 degrees Celsius and thisentire chart is based around thereduction of H+ or protons chemistsarbitrarily chose the reduction of H+ tohave a voltage of zero or an e nought ofzero and this is in particular a 1 molarsolution of H+ and of course that meansthe pH is zero so everything is basedaround this benchmark we know that thereduction of protons is associated witha zero e naught or zero voltage and theneverything is built off of that so asyou go higher you can see that the enaught gets higher it becomes morepositive and that means it becomes more favorable remember II notgreater than zero means Delta G lessthan 0 which means it's spontaneous thismeans the reaction is spontaneous aswritten in the forward direction and ifthese reactions are spontaneous theseare all reduction potentials so thatmeans these things are very good atgetting reduced so I wrote that herethey're better at being reduced as yougo higher and that means they're betteroxidizing agents or stronger oxidantsremember an oxidant is an oxidizingagent it accepts electrons in otherwords it gets reduced and it oxidizessomething else oxidation is losing so itit takes the electrons from somethingelse and uses it to become reduced so asyou go down the e nought gets negativeand it becomes more and more negativethe further you go down so this meansthat II not is less than zero thereaction is spontaneous in the reversedirection so when e naught is less thanzero Delta G is greater than zero inother words this stuff is nonspontaneous this doesn't want to happeniron doesn't like to accept electronslithium doesn't like to accept electronsthey would rather go the reversedirection in the spontaneous directionand become oxidized or lose electrons sothat's why I wrote that here these arebetter at being oxidized the lower yougo because they want to go the reversedirection and thus they are weakeroxidants they're weaker oxidizing agentsthey don't want to accept electrons andget reduced they would rather bereductants they're stronger reductantsbecause they're better at donating theirelectrons to something else they donatetheir electrons and want to becomeoxidized so as you go higher up hereagain these are weaker reductants theseare up here above the hydrogen these arebetter at accepting electrons these arebetter at donating electrons and thesedefinitions here are sort of confusingbut just try to keep in mind ifsomething gets oxidizedit's a reducing agent if something getsreduced it's an oxidizing agent anoxidant means oxidizing agent reductantmeans reducing agent and there's alsorare casewe're not equals zero the reaction is atequilibrium at standard conditions andthis is exactly the case with hydrogenand remember our equation here in orderto find the e naught or the standardreduction potential of an entireelectrochemical cell you do a cathodeminus e a node so another importantthing you should know is that voltage isin units joules per Coulomb and aCoulomb is amps times seconds which isessentially a measure of how much chargeis going through a wire okay so let meask you a question what's a betterreductant lithium solid or h2 gas wellof course lithium right because as we godown the reductants gets stronger we getbetter at donating our electronsremember this is negative so it's nonspontaneous in the forward direction butit is spontaneous in the reversedirection thus lithium loves to donateelectrons it loves to become oxidizedand reduce something else thus it's astrong reductant okay what's a betteroxidant F to gas or h plus 2 h plus wellof course the F 2 right it's a strongeroxidant because of this positive een onit it is spontaneous in the forwarddirection it loves to become reduced andto gain electrons and thus to oxidizesomething else it's taking the electronsfrom something else and oxidizing it soit can become reduced so it's confusingbut I promise if you go through itenough times in your head it'lleventually sink in please keep lookingat this chart and memorize thesedefinitions down here and really makesure you've got it straight so I reallyhope this video helped you guys out andI'll see you in the next one
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