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Physical Constants

Avogadro’s number, N, 6.02 x 10%* mol™

atomic mass unit, amu 1.66 x 107" kg

1.60 x 107 C

charge of electron, e

gas constant, R 0.0821 L atm K ! mol™

= 8314 JK! mol™

Sl Unit Prefixes

p n 18 m C d
pico- nano- micro- milli- centi- deci-
107 107 107° 107 107 107

Conversions and Relationships

Volume (S| unit: m>)

1dm?
3

Length (SI unit: m)
1inch = 2.54 cm (exactly) 1L
1A =10""m

1 mL 1 cm

Mass (Sl unit: kg) Energy (Sl unit: J)

1ton = 1000 kg 1) = 1kgm?s?
1l = 45359237¢ = 160z = 1 Nm
lcal = 4.184)
lev = 1.60x 1077
Formulae and Equations
. RT 0.0592 r
Nernst’s equation: E=F- — InQ=FE° - logQ 0 25°C
n
Arrhenius’s equation:  k = Ae ®7

Heat transfer: g = mcAT

Faraday’s constant, F
mass of electron, m, =
Planck’s constant, h

speed of light in a vacuum, ¢

96,485 C mol™

9.11 x 10! kg
6.626 x 10 % J s

2998 x 108 m 57!

k M G
kilo- mega- giga-
10° 10° 10°

Pressure (S| unit: Pa)

1Pa = INm”

= 1kgms?
1atm = 101.325 kPa

= 760 mmHg = 760 torr
lbar = 10°Pa

Temperature (S| unit: K)

T/K = T/°C+ 27315
T/°C T/°F - 32
5 9
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Periodic Table of the Elements

18
1 atomic number 2

Symbol He

1.0 2 atomic weight 13 14 15 16 17 4.0

3 4 5 6 7 8 9 10
Li | Be B C N O F | Ne
6.9 9.0 10.8 12.0 14.0 16.0 19.0 20.2

11 12 13 14 15 16 17 18
Na | Mg Al | Si | P | S | Cl|Ar
23.0 24.3 3 4 5 6 7 8 9 10 11 12 27.0 28.1 31.0 32.1 35.5 40.0

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K | Ca| Sc | Ti V. |Cr |  Mn| Fe |Co|Ni |[Cu|Zn |Ga | Ge | As | Se | Br | Kr

39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb| Sr| Y | Zr Nb | Mo|Tc |[Ru|Rh |Pd|Ag |Cd| In |Sn |Sb | Te | I | Xe
85.5 87.6 88.9 91.2 92.9 96.0 (98) 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3

55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba| - Hf | Ta| W | Re | Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At | Rn
132.9 137.3 178.5 181.0 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 (209) (210) (222)

87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr |[Ra| = | Rf |Db | Sg | Bh |Hs | Mt [Ds |Rg |Cn | Nh | FI | Mc | Lv | Ts | Og
(223) | (226) (265) | (268) | (271) | (270) | (277) | (276) | (281) | (280) | (285) | (286) | (289) | (289) | (293) | (294) | (294)

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

Lanthanoids*| La | Ce | Pr |[Nd |Pm |Sm | Eu | Gd | Tb | Dy |Ho | Er | Tm | Yb | Lu

138.9 140.1 140.9 144.2 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Actinoids**| Ac | Th [Pa | U |[Np |Pu |[Am |Cm | Bk | Cf | ES |Fm | Md | No | Lr

(227) | 232.0 | 231.0 | 238.0 | (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (262)
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Tanddan 1 (10 AZuL)

AusguinanAuUstulinslnled (Fes,) Fsaunsafnufisendueendiaunaziilaedsdl q o
nansuaidu Fe(ll) lopau wasdanlooou vlvaudunse lunaisSvnian 9 nssuddamaulsemne

nswnaaruliseddn lnenisyanthaulvdudaiuesndiau wazsatliguiiessuiisensondatures

wslnlsd WieRuUserdadariruyueniieusuan waulill pH Amwngiinismizdgn

11 (1 ezuuy) Jeuaunmsaiiuansfiseriiisturensinlsd nieugaaunis

12 (2 Azuuw) Fell) lovaufiAnduansagneendladdedesandiou Tandnsusidu Fetl) amndy
Fe(ll) iAntuannsoondladusinlsdlindnfaridu rel) uasdamlosou Bouaunmaiaiiuans
UG TiAnTy niouUAAANNS

1.3 (2 Azuu) UIAudI981911 5.00 ¢ Bandy 100.00 mL udueniueen thatsazaneuilnmsngae
asazaty KOH wudu 0.100 M figagdldarsazats KOH U3uins 15.00 mL AuiauTununse
samun (H) Tuivlumbe mmolkg

14 (3 azuuw) diausend pH whiu 1.0 mindesnsusu pH vesiulildviniu 6.0 lagnslseyuand
(Ca0) agsadliyurnlsazAflaniu fanudly MdansaamzuTnamihmudn 1 m wagiu 1 m’ 1
Usnanilufiusiiu 100 L uagnsasionna (HY) oglutiilufu (hvueli 113 = 1,600 m?)

1.5 (2 AzLuw) ﬂ'ﬂmma;msu,amﬂﬁammmlaaau %39 cation exchange capacity (CEC) U93AU g Al
vanAuanansalunsuaniUdsunenlosauveseyniaduiuiiluiy Wuadlddussiuansean
auysalveadnuiomsmzlgn dnsnenuluduuauyavesuaslessusofu 100 g (meg/100 ¢) waw

wlgannsmaaeselui
A — WaUAU CH;COONH,; 1 M (pH 7) — N384, 8a19AU —> NaNAunu KCl 1 M

—> n589 —> tarsazaelumusuna NH,*

9991A1 CEC v83Auf0819 20.0 g wara1sara1ggaingusuIng 100 mL & NH," 10t 900 me/L

landvan 2 (4 Azwu)

Tugnannnssurenuilsldansazane Cr(il) wontisdniiieiasuan mutsiulnlumisdisananunsaim

forduazanuaaiiotlundmundniueians g 19 Welassirieanlssunenundsdsd Cril) asluiaiun

£%
1 o

pandaufiazangluthanunsasen@lad Cr(il) 1l dichromate (Cr,0.%) Fadufiwanndu druirluusitil

pH 6.50 uaziloanTauaragegun (well-aerated) UansisAUIMNEITEYI Tnnzauga Cr dwllvgjeg

o

TugUlasening ¢ vise Cr,0;”

+1.23V

Avuald - O(g) + 4 H(ag) + de” = 2 H,0() E°
Cr,0/(aq) + 14 H'(aq) + 6e” = 2 Cr*(ag) + 7 H,O)  E°

+1.33V

91n1A8 O, 20.9 % lagUsuns


http://en.wikipedia.org/wiki/Chromium
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Tavddeil 3 (7 Aazuuw)
TuesufuAnistiansavaneitlifdog 9 vam (A1) 7islallfAnaainszyviinans Tnsasazanevia 9 il liun
AGNO, KI HCL  BaCl, NaBr HNO;  H,S0,  Na,SO;  Na,COs

[

A158LANELARTVIAILTY 0.1 M DIHENANTALAI8ANNLAAZYIN VINAL 5 MU MNANITNAaDIRIL

A B C D E F G H |

A - - - - - Nosung - -
B mia” - ATNDUUN? Gfﬂa.u ATNDUUN? - ATNDUUT?

NALN N RRNR)!

C _ _ _ _ _ _

D RLNOUV - ARl - -

E - ATNOUVTT [ AZABUV -

F _ _ _
G - Nosung

H _

— yaneds laiwAsuuda I

3.1 (4.5 azluw) syyrileansluansasaiuuwsiazyin
3.2 (2.5 AzluY) Wenauasazaty AgNO; LNt 0.024 M Usuns 15 mL Avaisazae BaCl, LlUNduy
0.030 M US1ms 30 mL Ansazanevesngnauliinduduwiile

vl K., U09MENBUNAAYY = 1.80 x 1070

landvan 4 (9 AZLUL)

nidouldfuindhegadioliensineliauarUiinamesuanlooouiivuey 3 via Mnuenlessuiiiululy

w7 ¥8a laun AP, Ba?t, Cu®, Mg?*, Mn?*, Pb?*, Zn?* Tnevinmsnaasssail

A Untdaeg1s USums 20.00 mL Tk uneduifiussquanloseuondiausisdu (cation exchange
resin) Resin-(SO.)H" antussaedutidotnduUsuIng 50-60 mL auansazatefiniusonuilaiil
arudunsn iuasazaneiinusenanaedutiianun thlulnmsefuasazanslndoulansonled

a

(NaOH) gy 0.1009 M Iasldiuadnnidududufiames wuln Nanefltaisazals NaOH Usuing

9 9

27.85 mL
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D.

Mnturzreduifudioansazaneiviunzay fuansazsaneitihusenanaedutily 3 dw wonifuusay

drulurinmMuuaUsNInsILIn 50 mL A9 939 X, 130 Y wagwin Z (384n1Ua1aUn1sEenntIannnauy

TUnds Tnsansazansusazdulalild Uszneudeuanlossudissiaion uazlidriy) Ufulsunns

ansavansluusiazindistndusuiedauenUsuns

thansazansusazan (X, Y wa 2) fiiuld wenluvhnsmeaesioluil

~ Ywmansazaneannuan X Usams 10.00 mL Tdlunieaguvay) Ysuamzuazidenlddumianesi
wanyay antuilulnmseduansazats EDTA Wudu 9.85x 10 M vignsnads

_ @158¥anu9nIn Y LazwIn Z vinnsneasdluvinueafennuiualsazaieainaan X

¥
v A

nu USumsvesansazane EDTA Altlumsinnsaivasazasunazeiln (usadl

A158¥a1891NV0 USunsuad EDTA Al (mL)

AN 1 ATIN 2

X 10.10 10.15

Y 8.65 8.67

Z 6.50 6.50

[

autRuartayan1snaaauveanleoeuasiviin Duged

a. unsloseurdanis: thansazansvesansusenau nitrate luthlunaaou wuin iensneudiody
asazans HCL anzneuiiofuansazais Ki; ianzneukiofuaisazals NaOH usngnouazay
dlowfia NaOH wnnLiume

b. uemlessudnuilanils a1sUsznou oxide Sevdiduualuth; a1suszneu chloride figvsilunan

Tuth; @sUsenau carbonate avaneulaviey; lavevasuanlaosuilaniviilueinelduaadu

WHULUR

1.

4.1
4.2

4.3
4.4

[

Tooouusarydnilusinsevinfuunanlossuendiwusisdy Sewmuddu @nunnlies) dil

A" > Ba®" > Pb* > Cu* > Zn** > Mg® > Mn?

EDTA @@ ethylene diamine tetraacetic acid Iag EDTA aunsavihufjizendulessuvedansiina
Juansdedou mesasdiudiuiulua 1:1

(0.5 Azuu) Murnswaluaves NaOH 7ivinufAsen Gumeu A)

(1.5 aziu) Awinsiuauluaves EDTA MiuFAzemedfuarsazaisu3uing 10.00 mL 91nvIn
X, 939 Y Uav1In Z Muandu (Fupeu O)

(2.5 Azuuw) Aummudsduveanlessy (iafinuluvin X) luthfedns

(4.5 Azuu) seyrinvesuanlossuinuluaisavarsusavyin (X, Y uag 2)
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Tandvain 5 (9 AZLU)

A, D, E uaz G Wusiangu p diu M 1usindnngunis

A | duseminfastunndadilolalnvados [vingaliiiluwunnesla

D | fiavezmoutosnit A ag 1 Walina1susenau davesndnduld 2 Afisneiu 2 vidie lag

o |

logouves D Nlwveandwndugududeondladiuse (E° = +1.25 V)

E | egnmyifeniu D ulaveniinnaezneutiosignvomy
G |egmyifediu A asusznevsenledves G undadasiainnismels uasluufadounszan
M | sgauasniiu A willlaveenTinduaanyiniy lwvesneuved M waz A suduldviiu 122

[

51 (2 ezuun) avangansUsznovlumsnves A Tuth whudsrmeaeudsd
(1) Wuasazane Kl iieanvnau
(2) Wua1sazans Na,S Lianznoy
(3) Rwansaraty NaOH 39319 \inmgnau
(@) \Auansazans NaOH iduduninfuasluansazaisain (3) azneuazany
euaunislaiana (molecular equation) wansUFA3eTiAnTy wiouszyanuzse
52 (15 azuu) hasuszneusenledves D Mlavesndinduangunazatsluasazats HCL udifu
ansazany Kl ansazansaziUAeud uasiingnouiniu
deuaunislaana (molecular equation) wansUfAefiiAntu wiouszyanugde
muald  Cllg) + 22 — 2CU (ag) E° = +1.36 V
I,(s) + 2™ — 21" (aq) E° = +0.54V
53 (1 ezuun) enauansazaneindodamnues E uazvesnumadendidetu udrsvmethesnly
o 1 wlindndauiniiflossulansisansegfeuludnadiu 11 uasiswiuluanavesi
nanlu 3 wihwesduulessuluagns
dougnaidvessindanaifinty
54 (3.5 azuun) @1sUsznau X @ A, M uaveandiau (0) Wusmeduszneu lny A Taveandindusn
yu O sgfinananmihyamih M egiiquinatsvesieiead uaz O dudafu M
muuasadlosou : r (A*™) = 120 pm, r (M™) = 80 pm, r (O%) = 140 pm
(1) Weuansvesansusenau X
2) naulpeasAutureI M
(3)  AUIUANUVILUUUYBIHEN X

5.5 (1 Azuuw) A uaz D fiessle
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Tanddafi 6 (11 Azuuw)

519 R Tuaauziiuiiiavareudundn (principal quantum number) ¥898LanATBUFIAAWINAY 4 @310

Ainansusenauiaviseniiaulavanevie 1w

saa

a) induasusznevesnleniifiansdu R0, (m = 1 w30 2) fliaflosaust monoxide fagagn
pentoxide

b) induansuszneumsueiiaraneviin 1wy (NEt,)R(CO), R(CO), NasR(CO)s lng R(CO), 1Tu
radical

o dlethansazans NHRO; Tunsadaiinsndsfidmassuniunsdinegd sxiimsudsuulasdan
W@y — [Wegau — W1 — [Wetn — U

d)  wntihasazasrauvesasusazdnUAze1ves NHRO; Audingdlude o) ununedinid
U539 cation exchange resin laglansazaensafidudunniuuiine arsazanefindes
szrunedudeaniniou MntduansazanenaLatuaving wazansaranedT gy
sonunluasuanting

e)  wnthasazaefanufiselute o Mfuaeliussemedos amnudutu 0.100 M
50.0 mL 1lnwmsnegnesinsituansazaly KMnO, 0.200 M 5.00 mL aglsansazanedidendy

Wialnmsasie wud Ysuesildlnnsnauiqeedgaliasavaedvungeu de 15.00 mL

9

Yy

noumausielULlaglidyanvalnunn19519 1 T8UTes1nwara1IAIERITNYIBINgY

6.1

6.2

6.3

6.4

6.5

6.6

(1 Azuu) 579 R Aag9le

(2 azuun) winaudinawivinvesansussnaursueiialude b) unneai MARNUAINKERS
JEAUNRIIUYDY d-orbital w%’auﬁ”’wiiaqaﬁﬂmaumm (NEt)R(CO)s there R(CO)s

(3 AziuY) ynansazanedsing q Aldanufiserlude o iuamsdeusennzdnia Tnsansdmdes
i wazBendy Tgasidu [RO,H,0),1° Weuansvesansidetoudinwuazdidendy asazanedln
X geometrical isomer 1] wqémimﬁuaq geometrical isomer ﬁLﬁulﬂiéf

(2 AzuuY) Weuaunswansufisenvesdinsdiuasazarsdihauliansazaredidondulaeliso
Feuluanathluansdsdou uazaumsuanaujisesumvemnisinnselude e) neld R 1o ox fie
‘AURBNTATU

aaa [y

(2 avwuw) et RO(SO,) WWUHATeU CHCOCH,COCH; 2 mol azlandnsuaidunsadailain

=

wazans Q @9lidl optical isomer s¥yTRIUIN WiouNIAFULASIATIVEY Q WUane donor atoms

Y Y

FALIU

(1 AzLuY) WeUTanIATaNIINANUNANNISIBENTRaNsUTENaULADBSALUTY
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Tanddafi 7 (10 Azuuw)

7.1

7.2

1.3

(2 Azwuw) nguieaiivialuana (molecular orbital theory %158 MO theory) aunsatuntdasue

audAeng 4 vedluiana 1wy audhmaulingn audRidua suiansayiueauaioes

Tuanald annurunmszRundsulaana (MO diagram) vesluanasenaugiiewiiniu (hetero-

diatomic molecule)

711 udydnuaifienanseilinvesernen wazeestvialuana (MO) niousussydidnasenlu MO
diagram vadluana NeF Tviauysel

7.1.2 Wiguiigudusuiiusy (bond order) ¥ed NeF, NeF* uag NeF~

7.1.3 Tuona/lessuladeluiifimnmatiosinniian : NeF, NeF* uag NeF”

(3 Azuuw) Tun13a31e MO diagram vasluanasznaud (diatomic molecule) ¥e3s19UNTUTTY 22

p1fignann1sasauAgIfu MO diagram ¥a3s19vanan (main group element) lAgHia1saunan

sU9UAZN197136 (orientation) w84 d-orbital Wi 2¢ld bonding (G, Tt uay &) Ay

antibonding (6™, T* taz ") molecular orbital MARAINNITTOULMGEN (overlap) Vod d-orbital

0_(22) o *(ZZ)
QEED. N\EN
Jfs

7 (X2) n* (X2)

5 (x*-y?) &% (x*-y?)

Y o v v aa

IAPUBUATATY (interaction) WUU G > T > & AlgW MO diagram vedlillanaosnauaveIsInil

ddnmseulu 3d-orbital (M,) Ineszydyanueliiiowansyiavesunareosdvaliuana (MO)

(5 ArKU) LILULAEY (V) & electron configuration A8 [Ar]3d*ds” AINNTATUIUNIING Y NUT

Tuianaszmeng (diatomic molecule) V, i unpaired electron 8 1 uavesdviafiiinganuganiil

BLANATOUUIIIOYRD Oy

731 \Tuu MO diagram 184 V, uazszydndnuaiifieuansviavesensivaluiana (MO) nioudia
ussgdianmseu (lidauansdidnnsoulu core shell [Ar])

7.3.2 MDUAUNUSZUDY V,
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Tanddaii 8 (10 Azuuw)

Uisensemineansagany |- Auansavany S,05° (aq) Aedusisauns (1)
2I1@q) + S,057(ag) — Iaqg) + 250, (aq) ... (1)

aaa [ 1

UFRTedananldanmsondasnininu§ATensudu (nitial rate) 1alasass insedleldiudady
SumAwmed sziAndtGuiuiidloansisaesmanty nsld 5,0, YunandndesdinsiuAuluouasiuae
yilsh 1, MAnTurhuRTentu 5,0,2 Maums (2) aunuereulsasusng ity wavaunsaldmsnsns
WauAzenla

I(ag) + 25,05 (ag) — 2I(aq) + S;Os7 (ag) ... (2)
PMNMINARDY 6 ASTIAENANATAraeTidATItIdY Usas wazgamgdang 4 whdeiu nud 1nadly

nsinufAzenseil

N1INARDY Ysuasansazane (mL) gungdl | tandlld
ASsil I70.20 M | S,042 0.10 M |S,05% 0.0050 M H,O (°Q) (s)
1 10.0 7.0 5.0 3.0 40 19
2 10.0 7.0 5.0 3.0 30 34
3 10.0 5.0 5.0 5.0 30 51
4 7.0 10.0 5.0 3.0 30 36
5 5.0 10.0 5.0 5.0 30 54
6 3.0 10.0 5.0 7.0 30 X

8.1 (1.7 Azuuy) Tuufaznsnaasd Anududuisuduves I, S,0° way 5,057 luaisasanenaudu

wirlaluniae M wazdnsinsiiaufisenduwilalumie M s™

= a

8.2 (2 Azwuw) AwlduRuvesURisenlielieunu I, S,05° wavdudusmuesufiseigamgil 30 °C

9 Y
[
1

83 (32 fAzuuu) AIUINAIASTIINTT (rate constant, k) ANN1TMAAEIASIT 2 wiouTiaseymae uaz
yunginmeassedsi 6 fSammaiauiAseduvidlaluniae M s wagldinalunmsiaufAzen
il () AFsusuresujisenainte 8.2)

8.4 (3.1 Azuuw) WAIUReNIUA (activation energy, £,) ¥aUiA3155WINe I” waz S,04° Wuwiile

Tunag k) mol™ (lgnsnaasansan 1 wag 2)
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Tanddafi 9 (10 Azuuw)

aun133aLsn (Rydberg’s equation) l¥eguteauduiussenitemugiaiu (4) vesiasioznouganau

Auszaunasu (n) vesdidnmseuiideuly TsUaunsinly fe

)

1 , (1 1
PR Ve

Z Ao LaVDLNDY
A Ao AINUEIPAU
R A AAsTIaALdSN (Rydberg’s constant) dAvinAy 1.097 X 10" m™

N, Ny AR SEAUNSINUTUAULALAATINY

[%
1Y

winussuiialalasiau (Hy) Usunandnieslunasauingyainianidvlanzegiivatevasaisdossinu uan

Fgluiiusesiugs 10.0 kv asviliinnsanguasdsy

9.1

9.2

9.3

9.4

9.5

9.6

9.7

(0.5 Azuun) MImsuasiAnTnMIUasuLassiundanuvesdidnaseuvealddlamndian
(1.25 Azuuw) avibiAnnssualiiinielunasauii 15.0 C/s Tugiaaan 2.00 s mnldinisgeyde
w1y anuifuedevesdidnnsounisluvasauiimaiumile

(1.5 Azuuw) winisuduussquialolasiau 200 x 10 mol lunasaufafidu3uins 0.100 L 7
gmgfl 25 °C lafnnsaneuas gumginielunasaudufisgstwdu 2,000.0 °C aufungly
yaeaufazfisturile Tnsauuid ufalslasutoumiansdoundas

(2.5 Aziu) WethUsauluinswneuadvuyiiagesnin asUsngudud 4 u laun

d A2IUENIARY (nm)
WA 656.2
iiduenden 486.1
¥iduensia 434.0
19 410.1

wanIFAIUIMNeTYYIN WudnUTINginInnsiURguwUasnseRundulaludeseau

nasule

(1.5 Azwww) winwasuanuidlalasnuiulevedanslafoy (Na) mswasuwlasiiiniuszning
[ (% = = Aaa & Y LY [ o A A 1aa & ' =

JEAUNGNUNGINanNiBdnnTouUTIRRg fuTERUNa UM Nganliiisidinnsouussyed AIsavd

nsAeuasniianuerfuIiile kaziindsnuminlase 11 Iesulieduinmeaunissadsn

(1.5 Azuuw) o81alsinu wud vasaiiussylevedlanzlefouaiouasddy nedudnnaannis

WaguuUaslude 9.5 Iaue1anawyindu 589.0 nm iszwmglaaduinlalude 9.5 faeaunis

a as = P & a

Saidsndemaimafouainaaduaie

(1.25 Azwuw) WslinisAwiumeaunssadsngndes Jsunua Z luaun1ssadsnaenn Z g vise

Y
a

effective nuclear charge wagunlvaunissadsnaennassiunisitasuudasiude 9.5 iWudaunis

1_z R( 1 _ 1 )
AT\ - 05512 (ns+0.464)°

ndoyalute 9.5 uazde 9.6 Zz vesdidnaseusasunlassziundanuilmsiianiile
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Tanddadi 10 (10 Azuuw)

glusAvessalnihangduiiurisaenliganinatauiuldmszednaniaul i

[%
o

wdddmszen y

30.86 m wazdglusdtuaglutuiudseudnnfuusihdmdsgludde 071 il
9.71 m muusliuraamdnuiofiuiiidmseenldsuAonsering Tne o . .
. NAIQLIA
Usewalneiidnafonnuduidniienfindasdis 18.0 MJ m~ day™ ,
snuatoyansumarmansvasnuIavsTitsgamgissuineemanuas
mqqqmmt,mﬂ;m’]"mizm il
gaunnal (T) AIANNIANNTOUIUNIE / k) kg™ KT | Adnumuiuiu (p)
/°C TneUsunnsasii TneAuAUALT /gcm™
) )
5.0. (1g9) 26.00 4.13 4.18 0.99679
27.00 4.13 4.18 0.99653
Lﬁﬁfjﬁmaﬁ)ff 28.00 4.12 4.18 0.99625
29.00 4.12 4.18 0.99596
iat.e. (gegn) 30.00 4.11 4.18 0.99567
ARRgyataya 4.12 4.18 0.99624
BRIV HET AyapH® AvapS®
298 K 44.0 kJ mol™ 118.89 J mol ™" K™
373.15 K 40.68 kJ mol ™ 109.02 J mol™* K™

10.1

10.2

10.3

10.4

=

(2 azuun) aniveniilusividnszetlunsududenszanfindan Aslauwanssinaamgiily

=

AOULINNBUNTEa R URg19ls Mnualy W luwdindeamalwindunaun wagluinisanewmaiy

9 Y

Soufuemanas i

(1.5 Aziuw) wlunnsuenedinedtn 20.0 ton Funualudy 1.00 atm ogumgigeduain
26.00 tTu 30.00 °C dAwila

(3.5 AzLUU) wﬁammwmwdwmmma}mm%auaﬁwazﬁgqaawﬁmﬁuqquﬁ WATMIAINNS
Wasuwlawemdsnumely (AU) wazewtall (AH) et 1 kg AensiUasunlasmude 10.2

(3 Azuuy) AnudeuainaefindihliiAanssuiunsueefiuasnsssmevesin nszuaunsle
Anlfionin uandisiuuiiAeades uazesuiemamamaaddululy

muualy nsilasullasvetoulnsy (AS) FMSUNTLUIUNSVLUFIYDI VLRI AIINENNTT

v,
AS=Rln | —
2
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Problem 11  (20.5 points)

Tetrahydrocannabinol (THC) is a principal psychoactive compound found in cannabis plants, which
contain more than 100 cannabinoids. Due to some evidence of interesting biological activities, there
have been many research groups that report the synthesis of various isomers of THC. In this problem,

you will answer questions related to the two methods of THC synthesis.

Upon treatment with acid, THC can be derived from cannabidiol (CBD) which is an important
structural motif for the design of neuroprotective agents. Below is an example of the synthesis of a

CBD derivative.

MeO OMe
MeO OMe
PPhs A B ot
BuLi, THF 10% Pd/C
" UK
OH Intermediate X
lCFchOH
BBr CH5;COCI
G - F :_E : D
BF;-Et,0 EtN
C22H29NO3 C1oH17NO,
0.05M HCI
‘ OH @ labels the same carbon in two different structures.

O R is the same side chain as presented in compound G’
(0] R

11.1 (8 points) Draw the structures of compounds A-G.
11.2 (2 points) Propose a mechanism for the transformation of intermediate X to compound D.

Also write all by-product fragments typically occurred from this deprotection step.

Another enantioselective total synthesis of two stereoisomers of THC, namely (--A®-THC, and
(--A’-THC, was reported by Zhou and coworkers from China. The complete scheme is shown on

the next page.
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1) Pd(PPhs)4 (5 MOl %)

0 0 I LiCl, Na,CO3, 80 °C stereoselective
I2, KoCO3 + compound H OMe hydrogenation
H,, Pd/C - ]
2) 21
o” O o” O
F CsHyy
(COCI)2, DMSO BuLi
OMe Eth, CH2C|2 MeOCH2PPh3C| J + HOAc
g -78°C >t
H
F CsHyy
1) M
. 2) N
3) stereoisomerization
C1oH25FO03
NaH, reflux demethylation
T, R A -

11.3 (7.5 points) Identify the structures of all compounds and reagent conditions of H-Q.

11.4 (3 points) Propose a mechanism for steps 1 and 2 as labeled in the scheme.

Hints and Explanations:

1) The step involving compound H is called Suzuki coupling, after the discoverer of this reaction.
2) Compounds J and K are sterecisomers.

3) Either M or N is an oxidation reaction.

4) lgnore stereochemistry of any step that does not specifically ask about this.
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Problem 12 (6.5 points)

(—)-Muscone is the primary contributor to the odor of musk, an oily liquid with a characteristic smell
which has been used in perfumery and medicine for thousands of years. Almost all muscone used
in perfumery today is synthetic. One of the synthetic pathways of (-)-muscone begins with

commercially available (+)-citronellal following the scheme below.

O
/
H 1) 10-bromodec-1-ene, %—SI—
Mg, Et,0, reflux Cl
g > A ? C26H52OSi
2) H* imidazole, THF
1) O3, CH,Cl,, -78°C
(+)-citronellal 2) Me,s, -78°C then 1t
Y
0O ®
Na,Cr,04 TBAF, THF excess H,C—PPh,
D - C -€ C24H4808i -
H,SO, reflux 24h + acetone
+ formaldehyde
Grubbs catalyst,
CH,Cl,, 45°c, 21h
G
H,, 10% Pd/C, CH;OH
E + F(gas) » (-)-Muscone
C16H300
PCys
/\/\ /\/\ L \\CI
TBAF ~ N F Grubbs catalyst ~ ul
\/\/ \/\/ Cl/l N
Cys

12.1 (1 point) Draw correct structural formulae of all possible stereoisomers of compound A. In
each structure, indicate correct stereochemistry by labelling each stereogenic center, both the
already existing and any new center(s), with its correct absolute configuration.

12.2 (4.5 points) Select the structure of only one stereoisomer from 12.1. Then draw the structures

of compounds B to G based on the structure you select.

12.3 (1 point) Write down the balanced equations for the reduction and the oxidation in the step

that D is formed.
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Problem 13 (3 points)

Steviol glycosides are the main ingredients (or precursors) of many sweeteners marketed under
several trade names. Steviol glycosides from Stevia rebaudiana (e]1%2711) have been reported to

be between 30 and 320 times sweeter than sucrose.

The structure of a steviol glycoside, called stevioside, is illustrated below. All of the three glycoside

rings, A, B, and C are shown in their stable chair forms.

13.1 (2 points) In the answer sheet, fill in all substituents on Ring A showing correct stereochemistry
as wedged and dashed bonds, along with labeling each drawn stereocenter as R or S
configurations. (ignoring the anomeric carbon)

13.2 (1 point) Indicate the type of anomers of rings A and C as either a.- or 3- form.
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