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2018 U. S. NATIONAL CHEMISTRY OLYMPIAD 3. [12%] The amount of chloride in an unknown sample can be determined by potentiometric titration, which uses an 4. [12%] The air oxidation of an organoiridium compound (CsH,,);Ir takes place according to the following equation:
.S, electrochemical cell shown schematically below: e L85 6, G
NATIONAL EXAM PART I ‘The reaction was studied with the initial [(CoHi1)sIr] = 1.3 x 10°* M under two different O; concentrations (run 1, [0
Prepared by the American Chemical Society Chemistry Olympiad Examinations Task Force ]

run 2, [0;] = 2.0 x 10> M). The concentration of (CoH,)lr was measured as a function of time; below are plotted ((CsH )slr],
In([(CgHyy)sIr]), and 1/[(CoHy,)s1r] vs. time.
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DIRECTIONS TO THE EXAMINER - PART I

‘The USNCO Subcommittee continues conducting a survey in an effort to determine the impact of the Olympiad program on
students. At the end of the exam there are four questions, which should be answered on the same Scantron sheet students use
Tor the exam, These questions may be administored afer the 90 minates alloted fo the cxam, ¢ach student should be
encouraged to answer these questions.
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Half-cell A Half-cell B ot
Part I of this test is designed to be taken with a Scantron answer sheet on which the student records his or her responses. Only this
Scantron sheet is graded for a score on Part I. Testing materials, scratch paper, and the Scantron sheet should be made available to the
student only during the examination period. Al testing materials including scratch paper should be turned in and kept secure until
April 23, 2018, after which tests can be returned to students and their teachers for further study.
Allow time for students to read the directions, ask questions, and fill in the requested information on the Scantron sheet. The answer
shest b complted using  pncl, ot . Whenhe sodent b completed Par o fraoe hour aad ey it bos
clapsed, tum in the Part I of the , and all scratch paj
‘There are three parts to the National Chemistry Olymplad Exammalmn You have the option of adrmnmcnng the three parts in any
order, and you are free to schedule rest breaks between

Part1 60 questions slngl answer, multiple-choice 1 hour, 30 minutes

Part 11 8 questions problem-solving, explanations 1 hour, 45 minutes

Part I 2 lab problems Iaboratory practical 1 hour, 30 minutes
A periodic table and other useful information are provided on page 2 for student reference.

0x107°M

5

During the ttration, when some of the 0.200 M AgNO; solution has been added to the analyte, which half-cell (A or B)
contains the anode of the electrochemical cell? Explain your reasoning.

A saline solution, consisting of NaCl dissolved in 5% dextrose solution, is analyzed using this technique. 100.0 g of
the saline solution is placed in half-cell B and the voltage from the voltmeter is recorded as a function of the volume of added
0.200 M AgNO;
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Stalentalionid ks merratind ia.ussuescorsecummmable culenlatont. The ses.of A novexaumnabie caicalacr,coll ohont - Ts the order of the reaction in (CsH)lr 0, 1, or 22 Justify your answer. (Even if the data are not exactly consistent with an
integer order, pick the closest integer order.)

Ts the order of the reaction in O 0, 1, or 2? Justify your answer. (Even if the data are not exactly consistent with an integer
order, pick the closest integer order.)

Calculate the rate constant for the reaction,

“The following mechanism has been proposed. Is the mechanism consistent with the obscrved rate law?
reasoning.

&

DIRECTIONS TO THE EXAMINEE — DO NOT TURN THE PAGE UNTIL DIRECTED TO DO SO. Answers to questions in o020

Part I must be entered on a Scantron answer shee to be scored. Be sure to write your name on the answer sheet, an ID number is

already entered for you. Make a record of this ID number because you will use the same number on Parts Il and IIL. Em:h item in

Part I consists of  question or an incomplete is followed by four p Select

answers the question or completes the statement. Then use a pencil to blacken the space on your answer sheet next to |.hc same lel(cf as L 8 54 L - =

your choice. You may write on the examination, but the test booklet will not be used for grading. Scores are based on the number of AR g

correct responses. When you complete Part T (or at the end of one hour and 30 minutes), you must tun in all testing materials, scratch
aper, and your Scantron answer sheet. Do not forget to turn in your U.S. citizenship/Green Card Holder statement before b, Calculate the mass percentage of NaCl in the saline solution.

leaving the testing site today. c.Caleulate the concentration of free silver ion in half-cell B when 10.00 mL of itrant has been added.

d. Caleulate the K, of AgCI(s).

4

Explain your
ki
(CHlr +0; T (CoHi)slr(0)
1

k;
(CHINO:) + (CaHi il ——— 2 (CiHu)IrO

Property of ACS USNCO — Not for use as USNCO National Exam after April 23, 2018
Distributed by the American Chemical Society, 1155 16% Street, N.W., Washington, DC 20036
All rights reserved. Printed in U.S.A.

Property of ACS USNCO — Not for use as USNCO National Exam after April 23, 2018 Page 4 Pages Property of ACS USNCO — Not for use as USNCO National Exam after April 23, 2018
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2018 Team USA earning 4 gold medals in Slovakia/Czech Republic.



Research at the 12 B e

| 1.759(2)

Betley Lab O U

1.437(3)

< 1.377(3) 1.369(3)

o

1.411(3)

(A"L)Cu(NAr‘Bu)

(EMindL)Cu(NAr‘Bu) (4)
(*L)Cu(NArO'Bu)

(EMindL)Cu(NArO'Bu) (3)

50 45 40 35 30 25 20 15 10 5 -5 -10 -15 -20 56 -62 -68
Chemical Shift (ppm) Chemical Shift (ppm)




Studying my Sophomore Year
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USNCO Study Camp 2019
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Studying my Junior Year

3= iz, 2019 Canr-Terepypr |
[ D [ Saanus |
A Ba(OH),/300°C B PhsP=CH, CH,l,/Zn, Cu b H,/PtO, ><j '

-PhsPO

1. Pacumdpyiite coemmenns A, B, C, D, ecnn A uveer npocteituryio popmyny CoHeyOy,
w(H) = 6.85% u TuTpyetcs AByms okBuBanenTamu menows; B u C — momoumkmi, a D —
crmporyks, Kotopsiii B 'H SIMP CleKTpe HMEeT Tpi CHIHAIA O/HAKOBOH HHTEHCHBHOCTH.

P Kackazwoit

Cwmres 3,3-maversomncronenTena (IT) MPOBCACH B HECKOTHKO CTaii:

o
267 N© NHp H'H,0  CH(OHH'  NaNHy_ |, NaBH,_ _1.HBIACOH
CiHO—— 2 D2 o SROAM, | TalHa. 4. i LHBIACOR,
£’ HO oA NS 2.2n
N [l

n
2. Pacumpyitre coeannerus E, F, G, H, J, K, ecmit G — romoror A 1 coxepxur 8 ciekrpe 'H

SIMP Tpu currstera (3 : 2 : 1); J 1 K — MUICTHYECKHE CTPYKTYPHI.
3. BuiGepute youoswe (i) nposenems peaxmm E + 2F: a) t; 6) "N s, gy LiNG-Pr),.

CHHTE3 NMPHPOHOIO MOMHMUKKIA XupcyTena (X), BKIIOUAIONMI TAHAEMHYIO IHKIH3ALHIO,

npoBexen i3 cex-aMeTIIMKONexTexa IT:

a
>= -0 )=c=0
N> NaBH cr(cho, CHiaN:
,c L CHNa B, <.)zma S

v
NaBH,

H
= 5 Cr(CIO,
.g. PhP=CH; o _HCIO;-HCOOH  CrCOM .o

X H O H

4. Pacumpyiie coemmenns L, M, HM, N, O, HO, P 1 S, ecm cramimn L—M u N—O

npoxoast ¢ wikna wepes wsirTrep-ionos L' n N'; M,

N, O, S 8 UK-ciexpe nveior nosocy ~ 1750 cm ™.
5. Ipewoxure cTpykTypy muTepMeanara L', 0Gpasyiommerocs: kak IPOAYKT HyKIEODHIEHOTO
nprcoemmenis CHoN; & L.

6. VcTamOBHTE, H3 KaKiTX HCXOMNBIX BCUICCTR MOMYSCHB KCTeHE! U1s peakiutii: II—L 1 IV-N:
1) CHiCHCICOCI; 2)C,CCOCT; 3) Zn/Cu; 4) (C2Hs)N.

7. VkaxuTe Konurypausio atomo a, b, ¢, d b xupeyrene X.

535 Omummmana, 2019 ‘Canxr-TerepGypr |
[ vp [ Banans |
3apgava 3

PacTpOCTPAHEHHEIM TOIINBOM /I SMMHCTO OGOTPeBa 3arOPOMEIX AOMOB B Pocchi
SBTACTCA CAHIKCHHEIH Ta3 B GATIONAX, 0GEIMNO Mpe/iCTaBTAIOMIHiH OGO CMech Tiponiara 1 GyTana.
XoastH, npHexasuMii k ceGe 3MMOH, OGHAPYKILI, HTO TEMIEPATYPA B KOMHATE H CHADYXH
pasia ~10YC # 3axEr mes. BaION ¢ AKHJIKHM nponaiom HAXOMMTCS cHapysk. Bapometp Ha crere
Tokasa, 41O aTMoC(epHoe AaBere Ghuo pasio 760 ww Hg PasMep oTammipaemoi KoMHaTEl
20 P25 M.
1. 3anumTe TEPMOXHMIMECKYIO PEAKINAIO CTOPAHHS IPONAHA.
2. Onemmre Momspryio Temioémkocts Cy (Jix/MOTsK) BO3IYXa B KOMHATE, CHHTad, 97O OH

COCTOMT TOJBKO 3 830Ta H KHCIIOPOa.

3. 0 yrensryio ge mpomana (Ji/r), Hemomb3Ys
HOZXOIIHE AAHHbIE W3 TAGIHIIEL
[ CaHyGk) | CiHy(r) [ Oa(r) [ COxr) [ H0(k) | HO(r) |
AHY(298 K), klik/mons | -1209 | -103.9 | — | -393.5 | 2858 | -241.8
SV(298 K), w/mome'K | 1952 | 269.9 [ 2050 | 2137 | 700 | 1887 |
4. Kakoe Komiectso mpomana (r) NOTpeGyerCcs Ais HAEBA BOSAYX2 B KOMHATE 10

201C? & BosIyXE C patyp: Te.
TeIUIONPOBOHOCTS CTEH Z0Ma, HAIDEB CTei i APYFHX NPEAMETOB He yunThipaiire. Bee rassr
cumTaiie WieATbHEMH,
5. BermHciiTe Japienne (aTh) HACKILEHHOTO 1aPa NPONAHA 10 TAGHIHbIM JAHHBIM.
UHCIO YHapoB MONEKYT rasa o CIMHHIY MOBEPXHOCTH CTCHKH COCYAA BHIPAKACTCH
opuynofi (P - aawaciue rasa, m — Macca MOZEKy1)
P

= Pmk,T

OGrHo ra3 w3 GaIola B rOPEIKY IOAAETCS Hepe3 PEAYKTOP AU CHIDKEHIS TIOTOKA rasa.

(O]

6. Kaxosa (teop 6e3 I'ogaan

(r/c) nponaiia, Kora ra3 MOCTYMACT K MECTY CrOPAHIsI IO uiupoKoil TpyGe, MHEM NOKMHyBIIHC

Gauion Monekymsl e B Hero. i mnavetp crosmero
Gaiona ¢ i rasom d = 20 oM.

Tlocile J10CTHKERHs HyKHOI TEMIEPATYDHI B KoMiaTe GApOMETp N0-TIpeKiieMy NOKA3BIBa
nanreriie 760 v Hg.
7. Kak wMenmiace iyrpemnsin ouepris U Bosayxa B oObée Kommatsi ([Lk) mocie
JoCTIDKeHHs Temneparypei 20/C?

Hexoropsie gammme: 1 amv= 101325 Tla, R=8314 JlimomwK, kg =1.3810°% JLw/K,

aem.= 166107 kr.

No.3 doi: 10.3866/PKU.DXHX201910066 137

I

R a%ii
H1 CsAuChMREEH
KHHN o, MRIN CL, BN Au WTFRNER

HEFERHSELEHIENR, AuIROIRAK I N E AR, X kR EdN.
F—, FHEH AuBE B AE T HERE, BB TFHRMEEE EFANG x2+5 x 4)/6 =
5.33>5, SEEAN. HANEEEEME LU AuCIDE S #8710 005 TR 455 th
T BRI 2, ey d2ds_ ) FHSEA PTG TS5, LI, 90 4 GBI
B EFH P B R R AR ETh . R AR AE A S i PP 1) Au(UD) N BT\ T A £ . 4
KERO TR & REN— BT VR AV T P T4 # sk IE U T A 45,
Wik S RENESBE .

4R, FATHAT LA Jahn-Teller B2 () B FRORTE AL <SR XA AP TREAT
WA Au A2 RALE. £ BT, TARIE Jahn-Teller 2 (Jahn-Teller effect): “ ERL &M
AUTFAERIF, HATFEYE S G EARERES, B AP R A0 2 D BRI MR (19 1k Rk R R
i Au i
4 BT). BRI, EIATS 514 B E LR
19 Aul'Cly AP IE T T REAL 09 Au'CE, JFA2E M THE RS 8] Au'CL A AuCL, . 4R, E8 R
RN AR HRE, X BARME—HTEI 0.
1-3 KRR AW SO U, B, MafETRIEEE, Wk “HH
TR B LI (386 U AR B T ERAHT: CioH BRRIER: 11~
142 =4, S PPPRBE MM TR T A A AR . RIBW(= 10)AT PR & Wi i
1,2,4,5- % PURE— WG T BUR th A ROLE), BEIEHUETUR T4 A RUAE 1,2,4,5- T3, RS
RE S C XA FEHES B MAE AR B0, SXEATRE H: B B9 RIS
LREVWMENKE, B BV RMBERMATEY, REFALEIXE, £48 1,245
# B NI, ARSI D, nmol B 5 nmol CHEN/E R 4n mol K5HF
ik 2nmol ! MR BT 16, Fskcf) B RAERNTPRLAHMERM L “SB 24 7K" , FREHE
229 % DU 7 A% — Af (pyromellitic dianhydride. PMDA). A. B. C {% 3 fiil o F 5w :

o o
.
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Q&A Session



From what grade did you
start to prepare?



Do you need to study
college chemistry, such as
inorganic chemistry,
organic chemistry and
physical chemistry?



Does the competition
involve doing
experiments?



Is it true that it is more
difficult to get into the
finals in Massachusetts?



How can I safely run
chemistry experiments at
home?



How did you find your
interest and how did you
stick with it? Have you
ever thought to give up?



How do you see your
interest in chemistry and
math align with your
future career
development? Any advice
for those kids who haven’t
found their interest in any
career path?



Any other questions?



