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Part 1: Inorganic Cbcmistry (total points: 50) 

(1 )(a) rhe rate ofreact iOn 0[02 叫th trans-[lrX(CO)(PPh3)2J m benzer.e decrea目 
the order X = 1\0 2 > 1 > ON01 > ßr > Cl > NJ "'> r E叩 lam thlS obse江va11on. (5 
plS) 

(b) A pmk soltd has thc emp叩開1 [orm叫aCo仁lJ'5NH3 Hzü A solutJOn oftll1S salt 
IS aJso pmk and rapldly gl \'es 3 mol AgCI on tJ trat叩n \\'1出 AgNOJ soJutJOn 
\Vhen the plnk SOlld IS heated , lt loses 1 mol H20 to glve a purple sohd wlth 
the samc rat lO of Nl I3:Cl:Co (叩開Il that Co(III) complexcs are mert). Deducc 
the s恥 ctures of the t叭。 octahedral c凹nplexes and draw and name them (5 
pts) 

(2)Llst the 5ymmetry elcmcnts ofthc followmg molccules and name the pOl nt groups 
10 叫11Ch they belong (吋 stag且 ered CHJCl恥， (b) chalr and boat cyclohexanc , (c) 
13,1I" (d) [C叫en)JJμwhere en 15 ethylened取mme (lgnore lt5 detaJled structurc, 
and(c) crown-shaped Sg (1 0 pts) 

(3)Suppose 	tha1 a melhane molecule became dlstoned 10 (a) C" symmetry by 
lengthenmg of one bond, (b) C2" symmetry, b)" a kmd of SClssors act lOn m 'vVhlCh 
one bond angle opened and another closed s11ghtl)" Would more d orbltals bCC011l C 
avallah!c for h0ndmg? (1 0 pts) 

(4)Thc Lewls structure [or CO2 shows four lone pam of electrons 0ηthc oxygen 
There are two nonbondmg patrs 1O the MO descnpt lO n. How can yO Ll reconctle the 
t\\'o descnptlOl1s? (1 0 pts) 

(5)U阻 thc I-lirckcl approxlmatlOo to find thc cocrιICS of the ;: orbltals of 
cyc\ obutadlenc, and cst l\nate thc dcloca l!l:at lOo energy llO pts) 
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Part II: Analytical Chcmistry (1日 tal poinb: 50) 

(6)Lord Raylclgh prcpared 	111trogC 口 samplcs by se\'cral ddferent mdhods Thc 
dcnslty of cach sa呻le was mca叫吋 as the mass of gas r己q山間dωfiJl a 
p:lrlJ cular n出k at a 心l1am temperature and pressure. Masses of l11 trogen samplcs 

by dccomposlt lOl1 (1 f 、 an叩s tlltrogcnωm1'ounds wer己 229280 忌 

and 2 , 30054 '\1asses 01' "l l1 trogen" prerarcd by rcmOV lI1g oxygen 
!ì'omalr lI1刊nous way~ werc 2 .3 100J 且， 2.31163 g. and 2.31028 g. Is the dcnsny 
of mtrogen pr 斗 ared from n1 trogen com1'c 叩 ds slgnlficantly dlftèrent from that 
prepared frorn an? (l Opts){ i =- 2.7.P戶戶句'1f{SO{內沾何以時州叫晶'lCeltn:/.J 

(7) A 11ltrate-1011 electrode 1I1 1 64x 10..1M KXO, has lìn cJcctrodc potcntml o1' o ,() 1ï V 
Enough potasS1Ul11 l11 tnte IS added to thc solUt lO!1 to makc lts concentratL on 
476xl0.2 叫 ， wlthoot change thc volumc rhc nc\\' ekctrode pokntlallS -0.049 \' 
Calcu1ate lhe selcc t1 Vlty o 1' thc clcctr呵巴 for nllrale 0、 er nllnte lons (10 pts) 

(8) ßnctly descnbe or define (10 pt~) 
(a) resonance tluorcscence 
(b) VJbratlonal n::laxatlon 
(c) quantum yl 己Id 
(d) Stokcs Shlft 
(e) mternal converSlon 

(9)的 ln N.\1R spcctr吋co1'y， \vhat are thc advantagcs of usmg a magnct wlth as large 
a field strenglh as pOSSJblc? (2 1'ts) 

(b) What 	IS th巳 dlfferencc betwccn longltudmal and transverse relaxat lOn III N.lv"lR 
叩配trosco阱。 (2 P叫 

(c) Sketch lhe 	 ，IPl咒arancc ， mcJ udmg ChC1TI1 Ca! shlits, J-coupl l11 g pattcrns. and 
mlcgrals. o!"thc 111gh-resolutJ on tH Ì\-MR spectrum of (i) cycJ ohxane , (it) dhyl 
benzen己 and (1Il) 1,2-dunclho.\.yethane (6 1'13) 

(l O)The relatl、 e retcnt lOn Co了 two compounds 11l GC IS 1 068 on a column wlth a 
1' late hClght ofO.520 111m The capaClly factor ror compound 1 IS 516 
(a) F!日d the s巳paratlOn factor (γ) for the two compounds (2 pts) 
(b) Whall叩gth 0[" column wJl l scparate the compounds \\'lth a resolul lOn o[ 1 00 '1 

rctcnt lOn tllne for mr (1",) IS 2.00 mm Ifthe numbcr ofp 1at凹的 lhc ~amc 

for both compounds, fïnd t, and w] 2 [or cach pcak. (3 pts) 
(d) 	lf thc ral lO 01' statlonary pha~c to mobdc phasc 1~ 0 .3 0, fínd thc par\1 tlOl1 

co 己 fficlC凡t for compc刊nd 1 (3 pl~) 


