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Physical Constants

Avogadro constant, N, = 6.02 x 10> mol™ Faraday’s constant, F = 96,485 C mol™

atomic mass unit, amu = 1.66 x 107" kg mass of electron, m, = 9.11 x 107! kg

charge of electron, e = 1.60 x 107 C Planck constant, h = 6.626x10*J5s

gas constant, R = 0.0821 L atm K™ mol™ | speed of light in vacuum, ¢ = 3.00 x 10° m s7*
= 8314 J K" mol™

Sl Prefixes
pico- nano- micro- milli- centi- deci- kilo- mega- giga-
P n i m C d k M G
107" 107 107 107 107 107 10° 10° 10°

Conversions and Relationships

Length (SI unit: m) Volume (SI unit: m?) Mass (Sl unit: kg)
1inch = 2.54 cm (exactly) 1L = 1dm’ 1ton = 1000 kg
1A =10"m ImL = 1cm’ 1l = 45359237¢ = 160z
Pressure (S| unit: Pa) Energy (Sl unit: J) Temperature (S| unit: K)
1Pa = 1Nm™ 1) = 1lkgm?s™? T/K = T/°C+273.15

= 1kgm™s™ = 1Nm 7/°C T/°F - 32
1atm = 101.325 kPa - 1CV 5 9

= 760 mmHg = 760torr |lcal = 4.184) Current (Sl unit: A)
1bar = 10° Pa lev = 1.602x 107" J 1A = 1Cs"
Formulae and Equations
Arrhenius equation: k = Ae;T?

Heisenberg’s uncertainty principle: Ax - Ap > i

an
, , RT 0.0592 4
Nernst’s equation: E=F — _F InQ =F° - logQ % 25 °C
n
Gibb’s free energy: AG® = AH° — TAS®

AG°® = -RT In K = -nFE°

Heat transfer: g = mcAT
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Periodic Table of the Elements

Yaaaunanguy-4

1 18
1 atomic number 2
H 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 @) 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 32.1 355 40.0
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \% 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 | 1029 | 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 1785 | 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 *x Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl 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 | 1625 | 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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Tanddafl 1 (10 Azuuw)

dulolunalinivsunainndudvsonsaueanaitngs lnensaueanaitnganiunatlafiniiueniniu

265 nm Fsannsaldrinsganaunas (@bsorbance, A, Lifivitae) dvusinavesnsaneanasinlumiiog

16 (a3V) winsaweanastngnoendladuazaaiasaladteseninanisiivine lnedadefidinananis

AnudAsedanan laun was A1 pH Ysunaeendiau Ysinainna uazgaumgil

1.000 4
0.800 y = 0.0568x + 0.0013 o
Rt =09972  .%7
< 0600
.-"'.‘.‘
0.400 .
0.200 &
0.000

0.00 3.00 6.00 9.00 12.00 15.00 18.00

aduduniauaanaion (ug/mL)

[
Y

mnyinneassAutidule (dnsaleanastn 61.29 me/100 mL) 91018919 40.00 WNA8@1Tazany

o

Urliles wdufulingldnniziuansieiu musuiansaueanestnnndalusiien1sina1nsganduunas

q

wazthwanlalundonuuunng 9 larnaninisng

W x 1Wunan @39) | wnu x Wunan @) | wnu x Wunan @)
AMENSAUY T wazwnu y WuA | waswnuy JunA | uavunuy @y 1A

ALY R AU R AU R

1. pH 3.40 Wullilauuas # 25 °C | -0.0881 | 0.9973 | -0.0716 | 0.9741 | 03307 | 0.9058

2. pH 3.40 ivldlilauwas 7150 °C | ~0.1192 | 0.9979 | -0.3032 | 0.9228 | 0.9958 | 0.7353

3. pH 5.40 Wuldllauwas 9 25 °C | ~0.1007 | 0.9971 | -0.0889 | 0.9702 | 0.4614 | 0.8873

4. pH 3.40 wazidnumansnlng 3%

Auladlilauuas 71 25 °C

-0.0565 | 0.9943 | -0.0858 | 0.9874 0.1327 0.9707

5. pH 3.40 iulviuasuandesdie 7 25°C| ~0.1286 | 0.9969 | -0.4124 | 0.8490 | 2.3230 | 0.5535

1.1

1.2

1.3

(1 Azhuw) nsdanedirvensaneanssinluirdulefiduduvesufisenduwiladeiivuiunse

woaAastN waznsulaegials

= <3

(3 aznuw) niawearssUnlulndule (pH 3.40) daAululilaulas 9 25 °C dA1AsAions1v0InIs

=

danef (k) winla (nSeuszymhelvignias) wazliA1Asedinmile
(2 AzuuL) wasuRenutiug (£,) vesnsaaiemasinsaneanasintuindule (pH 3.40) MmAuldls

Tauwas dawvnle
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1.4

1.5

1.6

Y s v v

(2 azuun) msaaefvensanoanasinluiduleduiuldlilauuas 7 25 «C fduduresufAzen
Huwihladlodieutu H

(1 Azuuy) nsiutananininaasluihdulesinlinisaansfvensausanesdniuaguudasly
oe9ls uaziinszurumsiulaivinliAsmsiasuudasiv

(1 Azuuy) 9nWanIsnaaesdedy n1svinduleauliiiundnsiug OTOP Aastiutndulonuy

28145019 WasnwUsuunsakeanasOn b LI udevy

Tanddafl 2 (10 Azuuw)

WHUNINLDAAIEN (Ellingham diagram) Aauana Junsnndenan AG® vesnsiinansusenausenlani

gaumniiane q Fahluldnisuenlangeanainus

-200
400

-600

(] —1
AG” (kdmol” O,)

-800

000 F

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Temperature (°C)

! o a I3 | Ay o aaa ) & a = v 1Y)
A1 AG ELULLNumWLEJaaQLLE’I@JLiJum‘VllW\]’mﬂﬂi%ﬂﬂgﬂi&ﬂﬂuttﬂﬁaaﬂ%l,ﬁ]u 1 mol YIFADAAADINUANNTT

2.1
2.2
2.3
2.4

2.5

a M(s) + Ox(g) — b M,O(s)
(0.5 AzuuL) Weu b uay y luguves a uay x
0.5 Azwuw)  neluwunmiidnvasiudunsadiodinlanedivhg
(2 AzUY) TeuaunSAiiTidenAdestyu AHC 189 Fe,04s) wazuansismuin Quwiie kJ mol™)
(1.5 AzluL)  11AnIINVY COL(Q) aslulNuNINLaRILEY wavesuefiuveIng NG
(Muualin AH° 989 CO,(g) AANVNAU —=393.5 kJ mol ™)
(2 azuu)  UiRseladeluiiAndulfiodlunsgmummanans wiouauansisiuan
UFATONT 1 3S10,(s) + 4Als) — 3Si(s) + 2AL,Os(s) 71 25 °C
U317 22 PbO(s) + C(s) — Pbls) + CO(g) 1 200 °C
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2.6

2.7

¥
a 1

(1.5 AzuuY) nseandladiuiiveanudaneu () mewldaandiauielminiduuiaves Sio, 1u

YUADUNLILUNISHANTUADUNILMBS A1LIUNISiUAsuRUaInasun ety AU (undae k) 1l

Fameu 7.025 g vuisemediuuiaeandiauiioamail 900.0 °C kagAusu 1.0 atm

[
a

(2 PEUUY) WeNANNITLALNFRAARDINUNTEUIUNITILAATUNYA X wazaAuins AS® (luniae

o

J K mol™) wsanszurunsuu nelinansisanee

100 L B PbO ]
10 F S ]
120 F ]
130 L — ]
4o 7 NiO ]
A50 L ]
160 ]
70 | ]
180 | ]
190 | ]

_200 [ " 1 " 1 " 1 n ] n ] n
1400 1500 1600 1700 1800 1900 2000

Temperature (°C)

AG’ (kdmol™ 0,)

(LLNUﬂ’]WﬁLﬁuﬂWWSUEJ’]EJsUﬁNLLNUﬂ’]WL@ﬁ%QLL@N‘ﬁNﬁU)
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Tanddafl 3 (10 Azuuw)

poufiumasiludnfvdeyauarssananaluniisgosiFonit On (bit) Saunudae 0 uay 1 Snwasil
adeifudidnnsouiiegldluassaniuzatiu (spin state) Ao Ty (up) waz a1 (down) Budnasoualusudu
mMadenuilsvesnsiaunsusudnriodadn (qubit) Fudunitegesvesmeusunoufiamesfiaiunse
AudeyaldinnmiuasUszananaldifind insgideduuenainazegluaniugsisaes (0 uag 1) 1Wudr &
avunsaeyluaniugnan (mixed state) § 11Ana1AUIINYNITAINIAIOUANT 1T 8N “A15F DUy

(superposition)” lagnee

3.1 (2 AZUUY) YILATOIRNINT10EADNDETENI D lans NI UTTUNldaugeandaduniuy nnualu
ngAuANUTY RsEAUNAIUgBBYaTIIUeNan (outermost subshell) FBianATaULTIEIRIFE?
3.2 (2 Azuuy) wndesldlinauadnud 803.5 MHz Tunisnseduarnan ‘Li walulagnismiunuwas
d' a o‘q.'/ 1 £ U a o‘d‘ ¥
ANEIAAUUTELNN 1 um nAURInesa lUasmnvaunansidulumeuiuaeuiine 9 LY
pymou 'Li areusold wminlumuizay aisidenld@nsniayedan9senIana 9 (energy gap)
Uszanauiladndumidn

=

3.3 (1 Azuuy) a@1slandunid (organometallic compound) ¥89 Thl o1aldunuezneu 'Li twsnzdl
Y8379 n AN aLarinuaiiosndt elddaddaungungiiunn  eSuiganvni

o'l anansaldidumdnle

A a L4 4 Y a g.// CY IS & v N
L‘WEJEJﬁ‘U’]EJ“LJTWIQﬂ’]iﬂ«lﬂ?i‘UEJUV]U?J@Qﬁﬂ’]u%ﬁﬂu‘mﬂﬁ@ﬂ AnguReAtuAay

Y= Cup¢up + CdownPdown

uwnuanuzsasle q ferafntuvesialn waslnevtily ansnsaldnmesvimmng (gnas) Atlumudiama
+z uay -z Wiuanuz up wag down 1¢ mufiusnglugy (a) wag (b) suddu FrduaniugfAnainng
WAL ED 9 fudsunumesy (o)

wueg  anunsadnniwkuudreiudld iesainisaesaniuzadu “deain” ue “easlvnlnila

(orthogonal)” fiu
(a) Pure up state (b) Pure down state (c) Equally mixed state
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'
=

3.4 (1 Azkul) RUavduUsEaNSNvuIzanvesdauy (a) (b) wag ()

3.5 (3 Avuww) Beuilidunslnadiinnmsieisdrdivilidudssdns cyp weg Cgown fA1Migndes
dwsuanuznadle 9 loe? 6 Aeyunnwesaluviiuunu +z MegnATLnuanugnldaduluns

[
1w Y

NANUDIANIUY up wazdn1uy down U 3 : 1 uavszuduUseAnsvisaesi mixed state 1

0 0 0 0
sin— | sin— | sin@ | sin26 | sin360 | sin?— | sin?—= | sin®@ | sin®28 | sin? 36
3 2 3 2
6 6 6 o ) )
cos 3 cos 3 cos@ | cos20 | cos30 | cos? 3 cos? > cos“ 0 | cos“ 20| cos- 360
0 0 6 0| ) )
tan 3 tan 5 tan@ | tan260 | tan360 | tan? 3 tan? > tan® @ | tan® 20| tan® 360

a

3.6 (1 eazhuy) sundwagluududadulianunsadadignaessudilondoudu  lwiweadeiiu
ATIRAMNANUYDIAN UL LAZ T AN LS TUAIANLED oS ATIANNALRUS TuS N wsRe Ty 60
Tuianawiiwdnvianilensaruadeslaiios 3 ps azaunsaszyamdsulduiugfaszauuuin

(order of magnitude) Taluniig mev
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Problem 4 (10 points)

Twistane (CygH1¢) is a polycyclic compound with rings permanently forced into

the twist-boat conformation.
4.1 (0.5 point) How many stereogenic centers are there in twistane?

4.2 (1 point) In the given structure, use an arrow to identify each stereogenic center and assign

its absolute configuration.

4.3 (1 point) How many stereoisomers are possible for twistane?

The synthesis of twistane was first reported by Whitlock in 1962. The scheme is as follows.

1. LiAIH, 1. NaCN
2. MsCl, pyridine 2. KOH 2
/ Py > A > B _— 0
3. acid workup NaHCO;
EtO (@] (@]
X
(I)I H,/Pt
MsCl = Me—S—Cl NEt;
(@]
reagent Y NaH 1. LiAIH,4
- D - C - 0
2. MsCl, pyridine
] C10H14O C11H1804S 3. NazCr207/H2804 O
twistane

4.4 (4 points) What are the structures of compounds A-D?
4.5 (1 point) Conversion of D to twistane was done in basic condition. What is the reagent Y?

4.6 (0.5 point) There is a carbon labeled with (®) in the starting material. Where is this carbon in

compound D?

4.7 (2 points) Propose a mechanism for the conversion of B to X.
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Problem 5  (11.5 points)

Anthocyanin is a class of natural pigments that are common in many plants such as orchids. Apart

from their intense and attractive colors, most of them can function as acid-base indicators.

5.1 (1.5 points) Cyanidin is an anthocyanin found in orchids. Use an arrow to identify only ONE

proton that is most likely to be deprotonated if one equivalent of strong base is used. Also

OH
HO ®o O
O A OH
Z OH
OH

cyanidin

provide your reasoning.

5.2 (1 point) A key intermediate in the biosynthesis of cyanidin is naringenin. From the scheme

below, draw the structure of X.

@)

O CoASH
oH ——> /@MOH . N~ SCoA
NH, HO HO

L-phenylalanine

3x malonyl CoA SCoA » X

C15H1,05

O O O O

W
>

HO

OH

HO o
-
OH O

naringenin

*CoA = coenzyme A
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(2 points) Naringenin can undergo multiple steps of enzymatic transformations to cyanidin.

From the scheme below, identify the type of reactions of each step (I-IV).

OH
e

OH

OH

OH
0]

OH
o]
© OH
Step IV ‘
OH
o S
4O
Z OH
OH

cyanidin

e

OH OH

OH

(1 point) Also, naringenin can be an intermediate that leads to the synthesis of another

anthocyanin, namely catechin. Identify the maximum number of stereocisomers of compound

53
Step |
—_—
Step I
—>
5.4
A and B.

OH
o

HO O
_—
OH O
naringenin
OH
o
OH —_—

ey

OH O

OH

compound A

OH OH

compound B

e

OH
catechin

OH
o )
OH

OH
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5.5 (1 point) From the scheme in question 5.4, draw the correct structure for (2R,35)-catechin.

Hint: The numbering rule in a heterocyclic system always starts at the heteroatom in the ring.

5.6 (5 points) Cyanidin can also occur naturally as a glycoside. Kondo and coworkers proposed a

synthesis pathway for cyanidin 3-O-B-D-glucoside as shown below.

5.6.1 Propose the mechanism for step I that explains the fact that only one stereoisomer is

formed (as shown in the scheme).

5.6.2 Suggest suitable reagents for steps Il and lll. Some steps may require more than one

reagent.

5.6.3 Identify the structure of compound IV.

OAc

AcO ) OAc
OBn OAc OBn

Cle O

OBn \n/ OBn
NH and BF3
o BnO (o)

BnO
O tep I B} Phe
OH step O ACO o OAc
OBn OBn
OAc

OTBS

OTBS
i TBSO o O
step O OAc DDQ
O ACO o OAc
oTBS

OAc

OTBS OTBS

TBSO TBSO
Ac
OH
OH
®
HO O\
NaOMe —_— OH
—  » compoundlIV — =
MeOH O _HO OH

OH ©

OH

Bn = Benzyl; Ac= Acetyl;, TBS = tert-butyldimethyisilyl, DDQ = 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone.

OTBS OTBS
TBSO o O step Il TBSO O O
O OAc —_— O OAc
Z
OH
O

OAc

OAc
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Problem 6 (8.5 points)

In addition to biosynthetic pathways, cyanidin may be synthesized by various methods. An example
is a reported synthetic strategy which adopted the preparation of two parts so-called the ‘“Western’

part (Compound A) and the ‘Eastern’ part (Compound E) of the molecule.

A route to Compound A could be synthesized from 2,4,6-trihydroxybenzaldehyde, the method of

HO OH
Ac,O, DMAP
H . A
acetone, reflux Western Part

OH O

which is shown below.

Compound E can be prepared as follows:

OH
OH
K2CO3, Mel B K2003, BnBr - C
o acetone, reflux (CgHg0O5ClI) acetone, reflux
Nal
Cl \acetone
OAc
HO o]
OAc

E (C30H34013) - D
Eastern Part NaH, CH,Cl,

A reaction of A and E in dry EtOAc promoted by anhydrous HCl resulted in the formation of

intermediate F which further cyclize to cyanidin. OH
o S N
HCI S OH
A + E —_— F (C43H44019) E— P
OH
OH
cyanidin

6.1 (5.5 points) Draw structures of Compounds A - F.
6.2 (1.5 points) Show an arrow-pushing mechanism for the formation of Compound F.

6.3 (1.5 points) Indicate what you should observe when each of the following compounds (2,4,6-
trihydroxybenzaldehyde, compound A, and cyanidin) is reacted with each of the following

reagents (2,4-dinitrophenylhydrazine, Tollens’ reagent, and FeCl,.
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Tanddafl 7 (12 Azuuw)

[

fuualin MH, waz LH; Juluanadiiaui@insa-vawazaudfinanilain 25 °C 1Judsil

Taana K, ATIUGAze3endu E° (V)

MH, Ka =7 M + 2H" + 2" &= MH, +0.400
(150.0 g/mol) Ky = 3.6 x 1072

LH, Ky =7.5x 10" LH + 2H" + 26" = LH, +1.000
(200.0 g/mol) Ky = 2.0 x 107
Ky = 8.0 x 107

105" + 6H" + 5™ = Y I, + 3 H,0 +1.180

l, + 2" &= 21 +0.620

7.1 (1 AzUuL) @19azanefilautuduues LH windu LH,” A1 pH winle

7.2 (3azuuu) ienauaisazats 0.0100 M MH, US3195 50.00 mL fuaisazats 0.0200 M NaOH

U3U1M5 20.00 mL WU ansavaerauiian pH Wi 3.25 fwim K, 9839 MH,

o A a L4 Y 1 gj v Q’lj
NINTNAADINBIATICVENTACANYNANAIDYINUYDY MH, Way LH; aNUYUABUANU

f2U A

Inmsaansazatefiegne 25.00 mL Tunse laed K wniiune wud Nangidedldaisazals 0.00175 M
KIO, U3305 12.70 mL TaeUfAseuintudaaunis
105 + 51" + 6H" = 3I, + 3H,0
nau B
Feansansazatsiesie 25.00 mL WiUsuasidu 100.00 mL 9ndulmmsearsazareiiennsiild

10.00 mL wuin Aigagddesldaisazats 0.0800 M NaOH U3u1ms 10.16 mL

7.3 (2 AZLUW) mﬂqﬁau@amaqﬂﬁﬁ%m MH, + I, &= M + 2H" + 2I7

azveuAzen LH; + 1, = LH + 2H + 2" uwiile
7.4 (4 AZLUL) AIUIMAMILTUTDY MH, ey LH; luansavansnaudingnasuauluniig g/L

7.5 (2 Azuu) Si’famm&ialﬂﬁgﬂﬁaﬂm
...... 7 pH 9.00 luansazans MH, & [MZ] > [MH']
...... nsminslnmseansavate LH; fga1savate NaOH asiiiugaauya 3 9aegetnian
...... cresol red (429n51UABUE pH 7.2-8.8 1nApa-un9) iudufiames i Admivlfasenis
nmse LH; + 3NaOH = LNas + 3H,0

...... LH; {Wuseendladnfnin MH, innzuinsgiu
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landvain 8 (6 AZWUU)

ddou MWIT Waunlaelsassuniinaineiyasal Wudufiames3inend (redox indicator) dds19iuly
ansavanefidndluin (£,.,) Aafu ﬁfﬂL%aumjwﬁﬁaqﬂml,amﬂai‘mmmam% (science show) 71 Lwi
anunsawdsudansavanels Tnonauddon MWIT fuaisazaiglslasauedoenlemidutineuinasss
ndusedaluindesfununnes ajﬂuﬁéwmﬁ’masé waldnszualniimed vl £, wWasuly

wazadon MWIT Wasudandmdsaduduitu

Mvuatayasail
" Ty £, LUudndliihvesgadiaillvinndasagaddredoidudalvilalasouuinsgiu was

adaaduiioludrlniindes (gu unaiithy) filutheuiinasse

" o MWIT Smdeaile £, < 0.600 V wazildinGuile £, > 0.660 V

n girassdmsonldlnediunlelaseuleseanlasdiuna (Amdudy 3.06 %wa) Usuins
10.00 mL \3eaemiensalalasaassnluvinmuuausuinsauin 500.0 mL udnauiuddon MWIT
USUNUBENINAUDDIN Ey %uﬁm%ﬂﬁﬁ%mmaﬂaimLﬂuma%aaﬂlsﬁﬂ'l,ﬂmasmlﬁm a15azanadl
[H'] = 1.00 M maeaan wavluthenusirassddsudulifioandiou

= msusnaanesaelifi (electrolysis) MiAntuiinelun fo UiASeweslalaaudesoanles liufa
oondlauuazlusnou dndlufihidndunnsgiudl 25 °C veerisUfiSeniliviiu +0.680 V wagdedn

UfRsenualnalidinasio Fuy,
8.1 (1 ezuuw) enududuvedlslasaueseanlydluheuirmssdiwseulalumbheluasidusile
8.2 (1 Azuuw) Weuaunsinavesrssfiseinisuenaaiesglnihiiiavuiuelun nieussyanuy
8.3 (0.5 Avkuw) sryanuresndnduvasandaululalasiaulasoanlyd

v

8.4 (3.5 Azuuy) AuunsElalnihannwuanes itoengandesldineluisuduneuirssdaind

widanduduRunelunan 60.0 Ui 71 25 °C
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Tanddafl 0 (11 Azuuw)

9.1

9.2

9.3

(5 Azuun)  Chromium(lll) fon ¥UFRTEAU NaOH Tringneudidenuas chromium(ill) hydroxide @
avanglu NaOH 1naiune 1inansidedeau [Cr(OH),]"
fvupl 7 25 °C Kip U84 Cr(OH); = 6.3 x 107!

K: ¥84 [Cr(OH),]” = 8.0 x 10%

9.1.1 pH fandlansannazneu CrOH), anansazaneiisl O Wudu 0.075 M uwilail 25

9

Qe

a

9.1.2 WautunauniIseseNansazane Crt Ll Uty 0.075 M USu1ms 250 mL 91nU9 96T
Cr(NOs)5-9H,0 (400.0 ¢/mol)

9.1.3  Anasnagigaues CroH); fazaneldluasazaratmives pH 9.00 U3inns 1.00 L 71 25 °C

(4 AzLUU) dlovnansazane Cr(NO5); LANANTALAI8 ammonia kaga15azae potassium chloride
JzfnansUsznoudsdon A Tidu octahedral complex wonvasuds A umnaes Idnamsnaaessal
) a3 A 0.572 ¢ Wwlwdidled 0, wniiune wudn 1in Cro, 0.235 ¢
i) azanwans A 0.126 ¢ luhusuns 25.0 mlL udnhlulnnsafuansazanes HCL Wudi 0.100 M
wui1 Mg Tdansazanes HCL U3inng 25.87 mL
i) azanwas A 0.326 ¢ luh 10.00 ¢ asavanefiladaaBenuds -0.72 °C

(K; w81 = 1.86 °C kg/mol)

52U van't Hoff factor () @nslutanafiuansdiuiiuaisidedou (coordination sphere) liidnLau

wazloutiovasansusznoudedou A Wunwidinguaumndn IUPAC

(2 Azwuw) Ungaaaillninusenaumstaliinguluaisazane CriNO,), safulgadindilufindn
2 \WwaduwuuaunIy lagleadi 2 Usenaumeaisazangved Os™ uag NO; uavlgasi 3 Usenaumig

§ v

a1saranevad X Wavatkiuld 30 wd wuan dlaneinnzndllninveswsasigaasnadl
waadl 1 3 chromium 1.51 ¢
\waa? 2 & osmium 4.14 g

Wad7 3 1 X 9.40 ¢

9.3.1 Weudeinde nitrate v Os" Wun1w18Ingw

9.3.2 X fies19la
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Tanddafl 10 (10 Azwuw)

Amuali ezpeunsolossululassadiawdnielaiu wazvuinvetosneuvsalasoulivuivaumngl

a

Y

feudiu 1 atm win (ron, Fe) & 3 Sgygunan

10.1

10.2

10.3

10.4

10.5

10.6

fioumaiund waneglugufiiienin ferrite w30 a-Fe Hlassadramaniduuuugnuiadnanss
(body-centered cubic, bcc) wagliAMURUILLY 7.874 g cm™

figuuaiigendn 912 °C Tassadrsozildsulogluzuiiiiondn austenite wie y-Fe flassaiandn
LLUUQﬂUWﬂﬁﬁQﬂawqwﬁw (face-centered cubic, fcc)

figumgiigendn 1394 °C Tassaiawdnvesmdnazidsulegluguilosnoniiavlasesfiuduanas

wide 2 Tu 3 vesdaygui 912 °C

(2 AzuuY) Mhewadves o-Fe fnafndu uasdinuenduiflawns

(1.5 Azuul) USinnsveseznen Fe lu 1 mielwadues y-Fe Andufgnuiadiaufiuns
(1.25 Azuuy) y-Fe Sanamuuiunduivives o-Fe

(0.5 Azuuw) Mhowadveaunaniigamndl 1394 °C Massadamdnuuule

(1.25 azuuw)  msUsulpaunnvesnanilumanndanansavirlddienisfivesneumsueu

wnlVTumhewadaesnan
10.5.1 Yosinseanadnsalu y-Fe HiduruaudnarsynAfilawns

10.5.2 d1egmeumisueulfaliozney 77 pm Wrldegludeseannsdnsaves y-Fe aevinli

ﬂ%mmmawmEJL%aaﬁmﬁmﬁauLﬁuﬁQﬂmﬂﬁwuame

(3.5 Azluy)  uildluansusenaveanlosvauvan dlassasiwdnilessuausesdndulaseasiauu

d' a s a 1% i | a v |
ananvtingnuian (cep) wazillopsuuinidilieyludesesnnzdnsannyes

Y

2D

10.6.1  MajUuansrunuslesauvaIranLareaNTRUTITEBE NTEYAINLL 2

O- lagauuin

AAUA LA
X - lsosuau

(%
a

10.6.2 gnsegdnevesansusenavenlydviiniifoasls

10.6.3 1aUlARDIALTUYDILDDDUAULYINAUWINLA
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Tanddafl 11 (11 Azuuw)

50 X, Y wae Z Wusmsimyiu Ineddinuiaudadnaseu (valence electron) liiiiu 4 finasiuves

WUAIBUAY N waz ( BeIBiaNATEURIgATNETIUTIIIUrENN1SUITIBdnasauluavAliiu 5 tnefinasiy

¥ [
o

(n+0) 9 99U UoNI wasAUIIUIUDLANATOUIIUDN

11.1 (1 Azwuy) lanewnsuddulatnaissenuaulumuuy

v
v a

Toyaifiufnvatusassndudall
- ansUsznavsenlaiizinlaealuvedsis X WWuufangumgivies

- Y ifeansuseneuiu Z lugd dimer

- widlaezwnsuvessnn Z Wuuans

Y4

(orfhorhombic)
Il
(tetragonal)

Liquid

Pressure ——

|
(orthorhombic)

1 atm \
200 250 300 350 400
Temperature (K) —

nauAausiolUllneglddydnwalnun119579 WWeulioansmeRIsnyIsingy

o ]

11.2 (1 azwuw) Nagulaseadavesansusenau dimer a4 YZ iugauazgusendaiay

113 (2 Aziuw) szyTeuazdnsveansnoenlaed X A X 1 ezneuiidululd wasauwdn VSEPR

YUNUSE TRUBLARUNATBINIATT AU LA
11.4 (1 Azuuy) MSINddnATauLUUEe (noble gas core notation) ¥8e Z \Jusesls

115 (1 pgwuw) wnae Z Vuuleunu 9 Z avegluaniugla  vnanumuiwiuges Z Tuguveudaden
5.9 g/cm? wazAnuuILULYes Z luguresudeuazuauvainiai 3.4% Wethewds Z 125 ¢ 1

lmduvoanal 9 30 °C Usuwsvad Z azdiawinlalumiig mL (meunadoy 1 fuwmils)

s % a %

11.6 (5 Azwuy) Weoukkunmeesivadaduanavetasusznausantas XO Minainn1snaneasda
JuengartiaifiedIfulaziin s-p mixing lagidensinfiaenaneiuwiunmili uaglddngen a-s
Aunszaruainau) ldaslunsau N159nS898Llannsaurad XO auwkun ndidustials dusu

WuszYea XO fawwile anuewuszilusgnelsilaisuiuanugiiusyes X,
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Tanddafl 12 (10 Azuuw)

N uauIuNan (crystal field theory) kagngufauiuawnus (lisand field theory) aunsatiunlgasuie
auRwivdnvesasusenaudsdou  lumandududmsvandfuimaniaunsadeszilasaiiduana
vasasUsznoutdedould  audRudmdnazideulesdununiufnluuus (magnetic moment) Tu
ansUsznoudadeu sudunainainduiudidnaseusiien (unpaired electron) vesermaunanslulosouy
Bedou Tnedwalldnn ug = Jnn + 2) dio pp Ao wunwfnluang fwmbhedy Bohr magneton (BM)

Way n ARIIUIUBIANASaURLIYRIRERauUNa U lpaRULT It B

121 (3 Azuuy) @15Usenouldedau A uag B Usznaudiglaoawdsdoudssyauvas Felll) uwag Nil)
muany Tawnudidu CN ianue %9815 A wae B dauuniudnluauduinduaud lnglosou

Watouluars A Juszadu 2 wiweslessudsdauluans B

9

12.1.1  Mnaudfwindnuesas A wae B vhweaasindveslessudadoulsygauluas A uas B

fa o

12.1.2  WgUMNUAINNE91UY09 d pasivaveslossudsdouluans A was B 7iszyvinvas

s

d easdvauazifudidnasoulauysal
122 (2 pzuuw) asuseneudadouveslanenaidignsog1aineidu (NH,),[SbCl) Taudfudndndu
Tpesuuniuin  aransuszneudsdeusananiiuvewanvesasusznouislosoudsdou [SbCl*
uay [SbCly)’ ludndm 1:1 X wag ¥ fawiila wargnavesansusenouisaoseiindoesls
123 (5 AzWuU) Spin crossover (SCO) Juaudfvesansdedouiiauisovdsuaniusvesady (spin)
sewinawuuatuga (high spin, HS) fuwuualush (low spin, LS) iuﬁaf\;ﬁuﬁﬂﬁ‘i%’aﬁm SCO 9819
undvane saudnsdaaneiaadeouiiantd Sco wufamsussandldaudiueing 4 wu n1sld
Hudumosuagnsldidumbemud WhZeuldanudiugulunguiauscdnuasnguiau
aunus mouswselll
1231 @sdsdeuiiilassadrauvunsaulanin 351uiudidnaseuly d sesauuulatefiie
Usangnisal SCO 1ol
1232 WFouununnsziundsuves d eastafidentude 12.3.1 11 2 wuu ndeuiudidnnsou
W9 HS uay LS uasmmasauiniupnlammuives HS uay LS

12.3.3  asusenouldetou [Fe(phen)sI(SCN), Welimuiouasiinnisildsuwlaaduasuseneu

a

\Wagou Fe(phen),(NCS), F9iilAT3as9negl  Nomunadl 27 °C WU @159saasiluuniugn

Y 9 Y

Tuuddu 0 wag 4.90 BM anuansy

X
Pz

B X
A 7 x
L] T ® | T
z N, e = =z N/u,,,"’ ~wNCS
Fel (SCN), e
| v ’ \l\i v ’ nes
z Ne Z l =z Na
F F

[Fe(phen)3](SCN), Fe(phen),(NCS),
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12.3.3.1  deanulatiegnaes (HendneuraRnau)

O

a15Usznoudedeu [Fe(phen)(SCN), finsdndidnnseulusesdiauuuadusm
(LS) 109910 phen 1 udunudawiugeu (weak field ligand) Sxavivlvi A SA1les
ninasaulunsidng (pairing energy)

a15Usznoudedau [Fe(phen)(SCN), fin15dndidnnsoulusesdianuualus
(LS) vilesann phen WuBunudauuuss (strong field ligand) Sinaviilst A fidnannnda
naslun19id1g (pairing energy)

asUsznaudsdou Fe(phen),(NCS), 7 phen Qmmuﬁéha NCS™ vilvian A anas
Anavilvngsulunisng (pairing energy) danunndn vinlviinansusenau
\Fadouiitinisindidnaseuluseidviauuuatiugs (HS)

ansusznauldsdou Fe(phen),(NCS), 71 phen Qmmuﬁéﬁa NCS™ ¥ilofen A i
fnavilvindsaulunisidng (pairing energy) da1teenin vilviinasusenay

a v Aa v a & fa o a
Wedouniimsdndiannseulusestvianuualiugs (HS)

12.3.3.2 ens1atnarsuszneutdedou [Fe(phen);J(SCN), way Fe(phen),(NCS), Aauinaiia

v

Mossbauer spectroscopy 1a Mossbauer spectrum ﬂﬂgﬂﬁ 1uag 2 A1UaIA U

UDNAINUNUIN @151T9%90U Fe(phen),(NCS), Windundaudd SCO 3nn1snaassin

WUNLUANTULIUA (L) NI 9 AgUN 3
9 Y Y

1AL Mdssbauer spectrum ¥4 Fe(phen),(NCS), ﬁqmwgﬁ 180 K

— | BM
J 6.0
5.0L S —

4.0
I'I'B 1.0 | 80 I

2.0+
1oy .

4 2 0 2
v/ mm s-1

0 2 4
v/ mm s-1

b

4 4 - S
0 100 200 300 400 K

T

gﬂﬁ 1 Mdssbauer spectrum w84 gﬂ‘ﬁ 2 Mossbauer spectrum U3 E‘U‘ﬁ 3 U V89 Fel(phen),(NCS), i

[Fe(ph6ﬂ)3](SCN)2

Fe(phen),(NCS), Lﬂﬁauvl,ﬂmuqmmﬁ

R i b R b g



