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Physical Constants

6.022 x 10% mol™!
1.381 x 1072 J K}

Avogadro constant, Ny
Boltzmann constant, k

Faraday’s constant, F 96,485 C mol™!

Planck constant, h 6.626 x 107 J s

gas constant, R

8.314 J Kt mol™

0.08206 L atm K mol™

1.602 x 107 C
9.109 x 107! kg

electron charge, e
electron mass, m,
2998 x 10° m s
1.661 x 107 kg

speed of light in vacuum, ¢

unified atomic mass unit, u

SI Prefixes
pico- nano- micro- milli- centi- deci- kilo- mega- giga-
P n 1 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 (S unit: kg)
linch = 254 cm(exactly) 1L = 1dm® = 10°m’ 1ton = 1000 kg
1A =10"m ImL = 1cm’ 1lb = 45359237¢ = 160z
Pressure (S| unit: Pa) Energy (SI unit: J) Temperature (Sl unit: K)
1Pa = 1Nm? 1) = lkem?s™ t/°C = T/K-273.15
= 1kgm's? = INm 5
t/°C = —(te/°F) - 32
1 atm = 101.325 kPa lcal = 4.184) 9
= 760 mmHg leV = 1.602x 107" Electric capacitance (SI unit: F)
= 760 torr Electric potential (S| unit: V) 1F = 1CcVv?
= 14.7 psi 1v = 1JC! Electric charge (Sl unit: C)
1bar = 10° Pa = 1JATS 1C = 1As
Formulae and Equations
Arrhenius equation k = Ae%}

Standard Gibbs free energy
Nernst’s equation

Osmotic pressure

Relationship between electrical quantities

Volume of a sphere of radius r

AG® = AH° - TAS®° = -RT In K = -nFE°
0.0592

E=F-—1lnQ=F- log Q i 25 °C
nF n
IT = cRT
Q
V=I-R U=-QV C==
v
=—7'L'r3
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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)




nsuatuaiiledutnszAums AT 20 UVoaouN1ANguy-5

Problem 1 (10 points)

Maillard reaction is an important reaction in food chemistry that causes pleasant smells in many
types of foods such as coffee, bakery, or roasted pork. The first step is usually a coupling reaction
between a saccharide and an amino acid, both of which can be easily found in foods. Then, multiple

steps of reactions occur leading to the final small molecules that are aroma active.

1.1 (6 points) Below is a reaction between xylose and cysteine, which leads to many more
products. Propose the structures of compounds A, D, G (exact number of this molecule must

also be shown), compound H, reagent | and reagent Il using the given hints.

Hints: 1) Compounds D and E have the same molecular formula; 2) Different atoms on reagent |
are used in the two reactions that it appears; 3) Reagent | contains one sulfur atom; 4) Any

required acid or base is present for promoting or catalyzing any reaction in this question.

cysteine O
OH HS OH
NH, A
OWOH a cyclic compound E— OWOH
OH OH (CgH1sNOGS) o on
xylose B

retroaldol reaction ‘

OH
b0 e th -
reagent reagen S —_— s
— OHC” OH ——— HO — D — — )8
OH OH
HO

compound
with odor
E
=0 =0 S
o reagent Il HO H,S reagent |
I (A oy —= =L e
OHC 0 o
o}
F +
by-product G
—~
STN\-s
=
J
compound
with odor

1.2 (1 point) How many stereogenic centers are present in compound A? How many stereoisomers

are there for compound A if D-xylose and L-cysteine are used?
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1.3

1.4

(1 point) If one carbon in compound B is isotopically labeled as carbon-13 (shown as a black

dot), identify the location of this carbon in compound J.

(2 points) Dicarbonyl compounds such as compound B are key molecules that help convert
amino acids to aldehydes (also named “Strecker degradation”). Propose a mechanism of this

reaction using the model reaction below (the equation is not balanced).

(0]
H3C%OH . OWOH HSC\H/H . HZNWOH
NH; O OH o} O OH

Hints: 1) The first step of the mechanism is an imine formation; 2) CO, is released in this
reaction; 3) A water molecule is added to one of the two reactants; 4) Use either an acid or a

base as a promoter/catalyst as needed (but you need to be consistent).
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Problem 2 (9 points)

Fluoxetine is one of the most widely prescribed antidepressants. Two of the reported syntheses are

shown in the scheme below.

CH,O NaBH, 5 socl,
e A e
H,NMe

og O
0 G 0 HO
c
N e _ E  E——————
H

Hint: The initial step of the first route employs a one-pot reaction of formaldehyde, methylamine,
and acetophenone in a slightly acidic medium. Formaldehyde reacts with methylamine and the

resulting intermediate subsequently reacts with acetophenone to give compound A.
2.1 (7 points) Draw the structures of compounds A - G.
2.2 (0.5 points) Draw the structure of (R)-Fluoxetine.

2.3 (1.5 points) Propose a mechanism of the formation of compound A from the reaction of

formaldehyde, methylamine, and acetophenone.
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Problem 3 (11 points)

Mosher's acid is a carboxylic acid which is used as a chiral derivatizing agent. It reacts with a chiral
alcohol or amine of unknown stereochemistry to form a corresponding ester or amide. The absolute

configuration of the ester or amide is then determined by 'H and/or *’F NMR spectroscopy.

The synthesis of Mosher’s acid starts with the reaction of 2,2,2-trifluoroacetophenone (compound A)

as shown in the scheme below.

NaCN (CH3)2SO4 H3O+ H3CO COOH

AL —= B ——= ¢ —— Ec Oph
sodium sa osher's aci
(sodi It) Mosher's acid

3.1 (3 points) Draw the structures of compounds A - C.

3.2 (2 points) The synthesis provides Mosher’s acid in a racemic form, which can be separated
into (R) and (S)-enantiomers. Assign the priority of each substituent and draw an (R)-isomer in
the given form in the answer sheet, with the least priority substituent in the 4 position. Give
an IUPAC name of the (R)-Mosher’s acid.

1

A

3.3 (3 points) An enantiomer of Mosher’s acid (starting material X) is treated with reagent Y to
form an acid chloride (R)-Z. What is reagent Y? Complete the structures (in the answer sheet)

to identify the starting material X and the product (R)-Z.

3.4 (3 points) An enantiomeric mixture of alcohol K (containing one stereocenter) is 75%
enantiomeric excess with (R)-isomer. A reaction of (R)-Mosher’s acid chloride with the

aforementioned mixture of alcohol K gives a pair of diastereomeric (R,R)- and (R,S)-esters.

3.4.1 What are the mole percentages of (R)- and (S)-enantiomers in this mixture of alcohol K?

Show your calculation.

3.4.2 The (R,R)-diastereomer has a lower polarity than its counterpart. Sketch a TLC profile of
the reaction product. Label each spot with (R,R) or (R,S).

3.4.3 If an (5)-Mosher’s acid chloride is used instead of an (R)-acid chloride, sketch a TLC
profile of the reaction product and label each spot to its proper diastereomer. Explain

your prediction.
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landdan 4 (15 Azuuw)
Usunaudansveulneanledlutuusseinaiiindueg1959n51910anssunne 9 vesuyed nebiiinn1ig

lansou wazduluanmmilvainisiindunse

4.1 (3 Azuuy) dunsneasssuwda CO, adluul WUl laa1sazaiensaAIsuatnudy 0.0150 M
farsandeanussluiiingnyseiin
Muuald - H,COs 8 Kyy = 4.45 x 107, K,y = 4.69 x 107

%9 pH dsudvesiivedinidude 8.3 - 10.0

(1) ANULNTUVBY H;O' 21nN1SWANFAIYad H,CO5 wag HCO5™ SAiniuy

(2) [COs%]<4.69 x 1071 M

(3) mmﬁwffuﬁmwammﬁuﬁqﬁ [H,CO5] > [HCO571 > [CO5Z]

(4)  pH WU 4.088

(5)  nywiildanmslimsaiuaisazans NaOH Usingaeauya 2 9aueniuogisinioy

6) mslmnsaivansazats NaOH tagldiuadnmaududuiiames Jonsrdruluaves H,CO; M
NaOH iU 2 : 1

Carbon footprint (CF) 1uu3uaufia CO, MAnTuainfanssusne 9 vosuywd drog1ugu nswnlud

LY BLNAIETTUYIRLUTnUANTENITUSENBUBINS

4.2 (2.5 azwuy) TudagUu dnsifueniusaliuradndesludiivvuduioidudiusialyged
Wenaun1saiiuaz A carbon footprint vasn1sbndauysalveseniuea lunuie mol CO,
AodnIvRLeNIUeA LanamuInlnglYisiuAsumaeg (factor-label method)

MUUA  AUNUILUUYBLUAVINAY 0.789 ¢/mL

4.3 (4.5 AZLUL) LLﬁ"amﬁmm#ﬂu%ﬁummiﬂizﬂ@W’hEJIWiqu (C5Hg) waz ity (CqHyo) waunuly
dadruiuiueu nldufavsiludufauianms 27.1 L dsflmnudunfasia 1000 psi figumgd
35.00 °C Tnonsunindfauysalaumdeninuduuialuds 82.5 psi udmuuiandndasiflaady
arsavansuuiisulansenleauiniAune wuanlangnouy1l 824.0 ¢ AU carbon footprint Vo4

nstnlvsiufaneulunig kg CO/A wasiavauluavadlnanulunianiuded



nsuatuaiiledutnszAums AT 20 Uaaoun1Angul-10

naluIsmdn COL9) anussennA Ae nisulasarsuautduus (carbon mineralization) 1@ N1suUas
AsualY CaCos Ineldumaduudanilaainnisuenaalsasazane Na,S0O, Muwaaaillni Feyinle
pH Yevensazaegelu  nUUrU ATl COL(9) adluamsarmelvaniluna@eudanuuiuassey Az

VinUNS81998UN1T
CaSOq(s) + NaOH(ag) + CO,(g) — CaCOs(s) + NaySOqaq) + H,0() (aun13dslaing)

1§ CaCO, L Jundnsioust uaz Na,SO, WWundnsdaeisadahnduuldgnls dagu

Na SO (aq)

|

LaaLAL v

dnrasanyLud

+ CaSOq(s) AMvurdmiy —— Na,SO,(aq) —
91MA/CO,(g) ——| \inUHASeN — > CaCO,(s)

4.4 (125 pzuuw) angUwaddianivslast (electrolytic cell) Pldlunsuenaatsansazas Na,SO, saglviii

= O v a o A Y a & Y] B
3814339]3Lﬂ3ﬂ@\13'13@]\7GIULLa%NaG]ﬂmsVW]LLﬂIm@LLagLL@IUW LLagﬂqimaeﬂ’ﬂWﬁ’]LQ@UWQﬁ@Qﬂ‘ULL‘UWLG\@ﬁ

Mua LA

Half-reaction E°(V) EatpHT7(V) LUAAEE o

5,057 + 26" = 250, +2.01 - :

O,g) + GH + Ge” = 2H,0  +1.23 +0.82

2H,0 + 2™ = Hylg) + 20H" 0.00 ~0.41

Na® +e” = Na(s) -2.71 -
an3azal Na,SO,

walug  Woldenkiy  wAlne

4.5 (3.75 Azuul) 01889A15M190 COLQ) Tuussennia senssuiunisulasarsuouluustianu lng
HueINAingszuUludng 3.00 dnssieund
i) Funmnssudlwihivesfiandviveadsidnlnsladiierdn o) Hemunaineiniadi
CO,(g) 0.0425% TapU3ums AinT sy 1.00 atm wazgamil 300.0 K

(i) mwnnalasesay inUaselinssuiunsaniulunieiu uaila CaCo; 6.19 ¢
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Tandvan

5 (15 azuuw)

Taszindnsiue KKU nduaadoy wuntiden uasmandussdivszneu (ngmaniundndnmiazdiiiesgy

Wewidy)  viin1snaasslaedandnsiuel KKU 2 in ladnmin 4.4020 ¢ ualaziden azargvesuds

PIVUALUVINANNUAUSLIANTVUIA 250 ML HUUINAUIUDITAUSUINS (1M A)

pou 1 Umasaza1ua1nvin A 10.00 mL  t@andWwes pH 10 w1 nsesngneussn (1) wau
asavanelalulnnsaivaisazane 0.02522 M EDTA Tagld Eriochrome Black T 1udufiaines
flgagd UTunsiadevesansazany EDTA Aldviniu 25.20 mL
pou 2 Unansaza1ea1nuan A 10.00 mL 1Ay NaOH 3nAAune auatsazaieil pH 12 w81 n3e9
nznousen (013 udasazanglalilnmsnivansazate 0.02522 M EDTA lagld murexide
Judufiawes M9ngh Usinnsindsvesansazany EDTA ldivindy 17.40 mL
fou 3 Uimansazaneanuan A 10.00 mL W@y 1 M H,SO, ey conc HsPO, e wathldlnmsaniu
a5agas 0.01950 M KMnO, f1gngf Usunsiadevesansazany KMnO, Alindy 11.25 mL
Uafsenstmsadulumuaunis (@unsdslina)
aMnO; + b H* + c Fe™* - d Mn?* + e H,0 + f Fet
pou 4 -  Uweansazaisanwan A Usuns 3.00 mL Taasluanmuuadsuinsvuia 500 mL (29 B)
WAy reagent USunmylimunvan wasiiuinnduauiednusunes thansazanewan B lU
Anszmeswmaiianisanlnsalnl aen absorbance e 0.671
- e absorbance vosETMIHIUMANTISENEIBIRAU Turaannuidudiy 10.00-50.00
me/L leaun15uaansuInsgIu Ao y = 0.0188 x + 0.0129 1nsfl x = Auiduduves
ansavanelnian uwag y = absorbance
ARUALA
A15197 5.1 Fhmﬁma@mmﬁazma (Ksp) i 25 °C
substance Ksp
calcium hydroxide 6.5x 107
iron(ll) hydroxide 7.9% 107
iron(lll) hydroxide 1.6%x 107
magnesium hydroxide 6.0 x 10710




nsuatuaiiledutnszAums AT 20 UVaaoun1ANguy-12

ethylenediamine tetraacetic acid (EDTA e H,Y) iinloosuidsdouiiazarsuilanulossulansvatsuiia

Tudndu 1:1

A1397 5.2 Areedinisiinasiiegou (K) seringlangiu EDTA 91 25 °C

metal ion log K;
Ca** 10.65
Fe?* 14.30
Fe®* 25.1
Mg?* 8.79

AN9199 5.3 dumewas (In) Alglunislnmsanineliu EDTA

duAAmas (In) fF29n151Uasu pH nsasud dva4 Metal-In complex

Eriochrome Black T |5.0-7.0 wag 10.5-12.0 |red-blue Wa¥ blue-orange |wine red

murexide 8.2-10.0 way 10.0-12.0 |red-violet way violet-blue |red (with Ca);

colorless (with Mg)

5.1

5.2

5.3

5.4

5.5
5.6

(2 AzHUY)  INNITNARDINDU 1
5.1.1 ndsfudvies pH 10 Wanznauvield szugnsialvesmenauiintu (G1)

5.1.2 szyfvesansazanenaulninsaiavdvedansazaneniynes

(2 AZUUL) NNNTNARBINBY 2
5.2.1 viadads NaOH snniiune anznauvsalil  seygnsiaiivesnsnauiliiniu (G13)

]

5.2.2 szydvesansarareneulninsnuazdvesasaraienyngi

(3.5 Azlu)  Amulaaduduvesuaadenluaisazatsvin A Wy mol/L waguSunauaaenlu

WAl KKU insnzailéidu me e 1 udin

(4 AZUUL) INNTVNAABINDU 3

54.1 gaaunsufiseinisinngs

5.4.2 fuinanududuveunaniuaisazatsvin A LU mol/L uazUSuraunanliunanse KKU
Uy mg sie 1 1in

(2.5 AZLUL)  INN1SNAARWNBU 4 AmwiaUSunauuaniundnsme KKU Wy me de 1 fin

(1 Azuuw) otUiinanndniitiesgildanaeu 3 uagnou 4 vnisuiuaifszylivuaan

AR KKU wud Sisnanunainadeuduing (relative erron 1u 2.0% uaz —2.8% dmsunau 3

wagneu 4 auadiu  Usunaundniissylivuaainudndue KKU Tuniae mg e 1 Wia Wil
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Tanddafi 6 (10 Azuuw)

A D E G J uay L ilusiauandiwuwmitiiddviuniauddidnaseuldvindu wazlddusiaiudund

a1sUsznaveantedves A luaisusznauleseiin Tlassadandnidunuy antifluorite tne A o
lumuA1uas D 1 Ay

D 1Juf3f97d uazaisUszneuaaelisves D luanuzufaiduaisusznaulaaiaudif
lassasauuulawes

E \dulangiiiloiduasuszneuiiannuzoondiaduld 2 1 uazsn A Teaideadiigeluny

G iuvesmaiignmgiivies sgluauiiendu A uazansusznevvigeslsdves G fnanevila

J Buufafian1izund uazansusznousenludues J e 1,0, JO, 1,05, JO,, J,0, uaw J,0s

L \Juvesudeigamgivies waznuluwssiudu E luguvesansusenau LE

6.1 (1 Azuuu) Weun1sdnisesdiannseu (electron configuration) 189 A kazileugnsalsysenay

6.2

6.3

6.4

6.5

6.6

sonlorves A Nilaseaina antifluorite nglddydnualnunisnesig
(1 Azuuw) @15Usenau GF; figusiauuule wazezneunaidldlauineeitviaiuula

(2 pzuu) 519 X ogluAu 6 Moty D d1leesuves X Nllan uzeandinduggaingns
a 14 a o L% [L ’g a 14 a a I Y v
\Wegoueennzdnsa (octahedral complex) umaslsaluii asigedauaziignsiaiiegialslatng

¥

szurinvotlolawes (@13)

(2 Azluu) 01 JO Tarduvas molecular orbital NHNTHANYDITUNA s-p (s-p orbital mixing)
6.4.1 Waun1sansesdidnasaulu molecular orbital ¥83 JO
6.4.2 dusuNUszYe JO 1wl

6.4.3 audfudmvanvesiuana JO Wueesls

(2 azuun) L Januzeandwndusgauazasanduwitle
= a I3 & o o % a 1o i
Na1Und arsuseneulaseenledves L iluufanilaswaiawvuluanaied uidleagluaniuy

< - Yy g Y a a 6 <
GUENLLGIN"\]giJIﬂiﬂﬁTNLUU'N '37@Iﬂﬁflﬁiqﬂa?@ﬁ%@ﬂﬂ’]iuﬁluaﬂ’]ugmaﬂwﬂﬂ

(2 Azuuw)  Andeyanvun WisuievauUadeluilves A D J uay L

[ 1

6.6.1 1389a10UA1 electronegativity (EN) anntiegliunn

6.6.2 \SsdnuAndsulessluwtuaIsiun 3 (JE;) andeslduin
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Tanddafl 7 (10 Azuuw)

7.1

(1.5 Azwuy) MgO fivhalwadiuuieaiu NaCl mnanumuiniy d ves MeO fiandu 3.59 ¢/cm?®
Weuaunshaninuduiusves d 4u r e r unuseiiveslessulassasiamaniiduuialugini,
u wnuIudlegastuniloniigivad, M uny molar mass kag Ny Winave1lInlas wiauis

AaAT r lunule pm

MsaAsIzilassaisvesatsuseneauleoetin X AAnainlessu L uag M alamaila X-ray diffraction

! [ 2/ cal a v ! LY a o Aa ' (Y
‘W‘U’J’]L‘Uiﬂ,ﬂiﬁﬁi’]ﬂi‘lﬁgUUQﬂU’]ﬂﬂﬂLﬂW'mﬂﬂ'?ﬂ%i{lli’]llﬂﬂ%@ﬂ@@ﬂ@gﬁﬂia Lg N M E]QQWEJI‘U (NE‘U

7.2

7.3

7.4

1.5

7.6

000000 000
&Y AQY A%

c& oo oo o00
Begbe gbs
//‘/' ‘:\‘x‘ /,7 \\ N W 7 \‘4‘\ N :

/ \ y {

N o @ —00°
e el g0l g0
0P " go” gof
od /,P\ N p»
-\\\ ‘// N N 6 —°
\-b.'o O o \; /60

(1 aznuy) tavlaeasiuduved L way M Wuwmile

(2 azuun) winltoseuvisaesluasusznau X Iy isoelectronic fu 0 gasegadeaes X 1Ju

pglslatnadionansanandnndiuvedlossuy Waummaulaglddaydnualnunisnegis

(2 priuy) 1AFULARAIUUSYR9 L kar M lumitglwadvas X aiuunu z Asvedng q lagly

e VU L ez o uwnu M

(2 AzluY) Mnuasmvesialllessuvetlessuvintavaulunuisiwadess X dauvindu 2.37 A
wraseluauazauvuinuluniiy ¢/cm® vee X danvinla Avusliloesuuvinuazaulu

MewadduNaNUNaf

(1.5 azwuw) winarsusznevvesdisudulessuaulu X Inhewadilulassadsiidadudian
luszuugnuian  mMsdalesdn (assasiadn n1sussaludesing vedlessuuinuazlessuaulu

1 I3 dy < 1
PgwaaveasUsenauiliiusenals
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Tanddafi 8 (10 Azuuw)

8.1

8.2

(3 Azwuy) auvAuivanveslessulanglunqusinuien d Tueg AuTIuILUBLANATOULAEY

s %

(unpaired electron) Tu d eesUvavedlany audAudwmdnaiuisarulanduaivosuuniuidn

saa [

TuuagsdvsiunudnlumuaNananswueIdlannsauLRg I isseg 19ien (spin-only magnetic

a ¢ gj a & ay v v a . .
Moment, Lspinony) “ATRINUANLILUUATIININYBLANATOUaT UKaL PRI UM aAUUAY (spin orbit

coupling magnetic moment, Ligg) HEAIAIANNTT

HMspin-only = 2V S(5+1) ‘Mg

e = VASS+D+LIL+1) g

o FnudlanaseuLRe? o . o Fa ,
e S = wazn1sAuINAT L TuidAnannuasiuues m (magnetic quantum

fa v Ao fa o !

number) Tnan15ussydianaseulueasinanil m uinndn 1 a1 Tiussyluessivianiian m an

WNUTREAUEINUAUNUDIGUR LAZUTITDAENATOULUU Spin up NOULELD

8.1.1 AN Lepinony V83 NiZ* uaz Fe* (Juwiile

8.1.2 WHULNUNINNTIASEY d Dannseu JEUAT My VoduAareaslva wioustaman L uay Ueft
Y83 Ni* uag Fe®*

8.1.3  aUTALANAY Lepinonly = Hefr

2 Azuuw) laseunelangdunsd (metal organic framework %38 MOF) lAAIINSUATASEITEWIN
lovoulanziag donor atom vasaunus Tdnansusififisusrauuune 4 Judveiavedansuas
1A 19URaUNUA

UFATeNTEwing [Pden)NO,),] uae 4,4"-bipyridine Iandndaminilasairadu molecular square gy
lpgdl N donor 4 a¥aay 310 bipyridine Wag ethylenediamine (en) deuseu Pd™ aguuszuudgliu

Ce = BT
H,N—-Pd—N N—Pd—NH
2 1N VAR, ! 2

Z+

N\
—/
N\
—/

\>_</
\>_</

Vi
\—

|
e

N

o= =)
H-N-Pd—N N—Pd—NH
N /7 N\ /7 1N\
(U NH, HN )

molecular square
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8.2.1 bipyridine Tu molecular square Saidudunussialalatig

8.2.2 ethylenediamine Tu molecular square daidudununsialalatig

8.2.3 zlu molecular square fipwviila

8.2.4 Weu d-splitting diagram ¥@4 Pd i molecular square wiauszusiinuat d oaslva way
FuBianaseu (Mvuali molecular square aglusgunu x-y)

8.2.5 molecular square flanvRudiwmanduwuula

8.3 (1.5 AxLUW) e 2,4,6-tris(4-pyridyl)-1,3,5-triazine (a), [Pt(en)(NOs),] (b) waz pyrazine (c)

wwaniuludnsdi 2:6:3 aglalassaiaiiiondt molecular trigonal prism (1) 9131 Pt(1) Miuns 6
VB prism WALl Lgpinony = 0 g 9141 Ni(l)(acen) (2) BelATI@TIUUUAMBELLUNIIU wazd
Hspinonty = 0 Mg dHaNTIUAU molecular trigonal prism wu31 2 Tunsnaglulnssmsnansves 1

WAZHIAT Uepinonty WU 2.84 g

N
| ~
=
Hy
NN N. ,ONO, N
2 _p + 6 ’Pt\ + 3 E ,j
YN N "ONO, N
N_.= ~-N 2
a b c

|

Y N
s NT =

X am— N — I =N __ 1

N -

e C N N

N l\! /N - \Ni/ -
X = [/ ] o= ~N i = \ Or \O /

= ~N — N
S Mo M 12 NOs
2

8.3.1 Weu d-splitting diagram v Ni** luansusenouadoussning 1 uag 2 nioussysiinues

d 9a50va wazAudidnnsau

8.3.2 syyUWANATaINsUABULUaY magnetic moment vas Ni** Aouwagnaen1siinasusenauy

Wegoululnssves molecular trigonal prism
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8.4 (3.5 Azuun) Luafia15Aa (molecular cage) a13nsadanselaannufise1sewing triazine-based
triamine (d), 1-methyl-1H-imidazole-2-carbaldehyde (e) wae iron(ll) trifluoromethanesulfonate (f)
molecular cage fAssairsndenssdntlnefiyuis 4 8 Fe()) Wuogmaunarsdeusausae N donor
fMassadradunsaudanih v Fe(l) ViLLﬁiazgmaﬂ molecular cage @198gluan1ug high spin (HS)
%39 low spin (LS) wazsasdu spin state Y83 molecular cage Fauanaau i spin crossover (SCO)
Sofimsasuuvasgumniilutag 243-348 K

HuN
O {
12 [ p—cHo
N— N
4 v N=( e CH4CN
NN * RT. Overnight
N—4 , Overnig
N < > NH2 4 Fe(CF4S04),
HzN d f

z/\z
\ l/,
z

\
A
3
an
Lo
o
ane
o
o
c
c
o]
N
—+
Q
=0
]
Q
=
uY)

-..28\2_ :\2
E

8.4.1 laseasneeeedneved molecular cage o O unu Fe(ll) uanslagisgy

1ANTNRERS spin state Tngli @ fia LS Fe(ll) uaz @ Ao HS Felll) wiauviaszuanaieoves

]
(%

<

Jululaianuaiinan

'
=

Hspin-only @1M5ULARY spin state waz molecular cage AR Lgpin ony 71k

8.4.2 %831719lU molecular cage @1U15ALAAPUNTAIIIAUAITUTZNBUDUNTY WU cyclohexane,
adamantane, 1-adamantanol uag cis-decalin 1naiin131nAT enthalpy ez entropy U84

Asuinanslegaulanssaludl

O D B M

guest cyclohexane adamantane l-adamantanol  cis-decalin
AH (KJ mol™) 27.1 26.4 27.1 17.9
AS (K K* mol™) 0.141 0.138 0.167 0.102

Y

lumsiinansWisdouvedluananadiusasiiigamall 298 K luananadinaziinansidedou

fiu molecular cage lAfATign wauImUINAIAINANATRINTTANESToU (K)
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Tanddafl 0 (10 Azuuw)

mynseufuomsseniovlulveuaznasUsumaialan lufwiavouuiui$uemstudefitumyiady
ynseufinsevuenialu Tulavddeil ndoueelddnuiSmatmynseunasmadnasiuyu Welhdlad
wislanynsauTedisnangs

mynsavyanuyaudu TnsvlanyUsznoudisasaanay (collagen) dadumulng 3 Fuiuiudy

= . . o § val a & = ° - ° & Pl
ndgray (triple helix) vlvdiauwnidedgs  dunsunidunsyimynsey de nsivyadulddunoy

nea Wesaneussdamideissriandlnaladuaiu (gelatin) Nilmnumiesi

>
TN

ADAANLAY RARY peaaaunwUlng

9.1 (1 azwuw) Awneamgiiigalumie °C Freaansulunyauduldouduaaifuld

muualn  AH° = +45.6 J ¢ uag AS® = +141 mJ K ¢!

9.2 (0.5 AzkuL) WnMruaa1 AHC waz A,S° Tumbesalua wnuiavidusansy) Aneuvests 9.1 Ay

WasukUasvseliesnls

Tad ey ilgaimssnaudnuinan vasanauvy Ideuunmdanyling waadilunealuiigdy

o S 4 a o ¥ < v 1w
180 °C LW@IW“UQW%Y}Jﬂi@‘U 621\‘1Lﬂ@ﬁ]’]ﬂﬂ’]i‘ﬂﬂ?ﬂﬁlﬁﬂ@ﬂl@ﬂﬂ“iﬁ AUNTEVNAMUAULNINY 1 UTTYINA

diensmeniadadu wudn uludumimyesnlu 99.56% laelua

wuleTusiiu

9.3 (0.5 avsuw) wnlillddeuunwmidmyneutilunesluindiu nifmynseunliasidnuuziguln

9.4 (25 Avuuy) MUINLEUHIUANINANVBITNTUYRMLNTBUNATINNEAUN UMY Um uazdndu
N13Y818613 (expansion ratio) %’EL‘T;Jué’mmumaqﬂ%mm%q'gwu;ul,l,azﬂ%mmsuaqqqﬁ']
fosuelsl gainduiues 3.72 pL laeamumunuiugesit = 1.00 ¢ mL!
mssusnsJéhLﬁ@sz“jyumaamuﬂisﬁ'ﬂmmﬁuﬂwﬁlugwhﬁ’u 1 atm
lovueanuiangnaeaiial Taglusmeiianudunisluguinfu 1 atm leth

Tandoanluwal 99.56% laelua
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9.5 (1 avuwuu) AwinuTuuanuseulumite M) fildlunisneanyaiudu 1.0 kg argursiuldy
U31195 2.00 L Vigaunqil 180 °C u1u 20 Ul
Avual  AugANseuvestdiuldy = 4.02 J ¢ °C!

AUAUILUUVDIUT AN = 0.904 ¢ mL™

a =

gaungunduUdususy = 25 °C ldan 5 Ui gauugiiavie 180 °C

9 Y Y

(Y =

gn31NsaydenuTeuRisnaannisiinusey = 14.8 kJ min™

wiavasuildveavyautulsenaumslnginu (CHg) 7 @3 wazTunu (CHy) 3 du lngd3uns

9.6 (1.5 Azuuy) Audneurialvensbngd AH (unuie k mol™) vasufiansy LagAuInLg
vosuianwundedldlumaiute 9.5
mvuald  AH 283lWswu (C3Hg) = —2220 kJ mol™

AH v9301nU (C4H,o) = —2880 kJ mol™

o [ [

Joyad AR UNIYIMINTo Uil

eGHENT Ysu iy sideng () | THss Vel
mumu%gu* 1 ke 170 1 ke
thifuyda 1 L 45 2 L
AL39TsH 1 T 340 70 W9
AT 15 kg 423 100 g
Inguduy 9 - - - 15 UM

[%

* yiiannnenudIvslivynseuniumtnmie 60% (Hewngadutiainnisven)

“ Timoanyaudula 8 kg
1 Juil 8 Y2NUINeIU

oo LU UR ivelilavuiinseuetes fewmennatuass wianldasaddivsunaliviriudneutes 9.6

9.7 (2 Azuuw) FuyuNTTRLNTEUAINUYAINTY 1 ke Wuwinle AssiAunevunseusiedin Inelvinumu

W 45% we951ANY

AoaaanUlng (collagen peptide) fis Aoaaauiiiun1sgesmeteuladauvuabnas (waluanaeg
Tut33 3 - 6 kDa) vihlvigedulddetu Jagtudundaduaiaiuomiseende e nweinduselovise
gunw Ungsianssas egelsiony Saliflvnddedudu SsmsUSnwunmdviod deimyneusuusenu

a a (Y L3

9.8 (1 AZLLUL) MNUNARNLUN

[

poaaaunUlnanlidulaindureaanauvuinluanadnasamssly 39

nadoulnsuinaniug 1.20 ¢ azansluu laa1sazareysunns 500 mL TaAua uoodluT

v faal

(osmotic pressure) I 2.0 kPa 7 27 °C  nAnfawitifinaseluawile
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Tanddafl 10 (10 Azwuw)

a v

aa [y Ly [ . . . o Ao 1y Ly v a g
15N137181931n519 AUTun$aE (radiometric dating) 1dlun1simuneigvesingnilsinduiun iy

q q

[
v Y

drudsenau W wan a1uiiu ey lngendenisianisasunuasdndiuvesiindoansau (parent

nucleus) uazlluadeagn (daughter nucleus) MANIINNITAANLAINULIAT

10.1 (2.5 Axuuu) radiocarbon dating 38 carbon-14 dating Dundlalu radiometric dating fifinnsld
uiuegunsrae Tae 1C $p39730 (half-life, t,) Windu 5,730 T fiUSunadlusssuand (natural
abundance) WU 1 ppt (part per trillion) &1lun1svaaesiasaetaufior radiocarbon dating

Jududeadiansdingraua 10-100 g wazUsuia ““C Wosnigaiinsasilonsaadald wirdu 1 pg

(picogram) - ©18VRLIRgTILIUNgANENNNTRTIIRlAMeATiallABAT

10.2 (2 pzuuu) ganlalaluiansdausn fie 252 aulneu wazaagayneilaluaisiansaddannaus
aayiusly Ae 66 dulneu Juduszeziianfiuiuiuniinisly radiocarbon dating vieniangy
ndein1sld radiometric dating Tun1svengvaslalutasaeusunasfiiogawas L3eellony

Y = aa YY) o Al Y a Y ej' | U A °
1 10.1 A3InveIsINAuTunSdnldlamsiiadesngauilasudidionlunseaviney

10.3 (1 avuuw) Wnsmergvedlaluiansnfesldiuluteqdu e myinerguesiiudaidainnueglugy

Ya4ws zircons (ZrSi0,) Anuluusnadnanuannlaluais Inenisiausuiawes U way 2°U ¥l

=2

ATAIAWINAY 4.47 x 10° wag 7.04 x 10° U wazuTunaldusssumawingu 99.28% uaz 0.71%
MUEIWU INEITINBNVIYITES TINTAVOULAY kATATITNUUTUIUVBY “°U way U winfy
97.29% wag 0.62% awa1ay lalwarsnyasunulaluuiiudinaiaisedlugalanududenty

ALATLANNDU

10.4 (1.5 Azbun) nszuIunsaatesives 22U viliiaalelelnufifiavuiamiidu 234 uaviavesnoy
Wity 92 Feaanedasialudn 10 4u TnsUanudeseunanoariudedaindy  dudnsweian
nsaanesailladu Po nsaanesaria 10 %uﬁﬂaﬂﬂéaaaummmamLLasﬁmasmazﬁ'aqmﬂ way
Foudydnualiiuaiedves Po MiAnty

[

10.5 (3 AZWUL) NSTUIUNITER8AIY89 22U vibmnatelalny 22'Pa* feaanesmala 2 dunie el

B 234 B 7
——> %iPa ——
t,p = 1.17 min t,=6.7h
J [ 234
24 Pa Y
B o
— =117 min -

gnEusull 2Pa* Fauau 115 ¢ Wenadiuly 7.8 min aglivsuna “*Pa* indeeginiu
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Tanddafi 11 (10 Azuuw)

197aluUaaNvATUSEAINY A.A. 2023 UaUlLANNINYIAEASNAUNULASAWLATIEY “A1aUsunan” (QD)

Tanndlasaiauazesduseneumileuianuiasiy (bulk materials) widaudRidauwasiazaud@igalnia

q

USuguldmurnveseuniaiianas auinnsinds (confinement) vasdidnaseuitagluuauiilui uay

188 (hole) Neglunautaiand e QD gandulimeudnly  Amdwulunisnseiuildmiveuniavunsiig
Uszanadlanign1suFuU A masnuesianuiasiueud Louis Brus lavauslidn

bulk 3.682 hz
AE = E - +
8P 4me eR - 8uR?

lagdl R Ao Srilveteunia QD uay u Mg waannau (reduced mass) AduInilanuladang (effective
11

*

T

- - 1
mass) Yesdlannseu (m}) waglea (m}) muilen —=

11.1 (1.5 AzluL) MANANaATngRenaIuaINMISANTININLUUTIABINIAIDUAYN BFUIEANUNLNENIY

NMEAMVRINGIUBNTIIERINL Wiaursszyanmgiiselrmawiladiannsn & ogludnal

° v _bulk ! W a &
11.2 (1 Azuuy) Muali Egyy vetasuszneu CdSe Ay 1.74 eV vosudawiiniinasiidle

11.3 (2.5 Azuun) WeneIn1sUTuguaves CdSe QDs lvilaiueinduagil 510 nm efedaunsien

ARUANARALALTILIAWINLA INARUALENEIUINASANTIdANINdURSA3ENSEWIeBIANATE U

fulea wareunANaRlAIadaHavIiy 0.13-m, Uag 0.45-m, MUFIGU

o a da o = o v da o &
11.4 (1.5 azuun) wnareudunesviiatiiailueunianssnausall r agaunsavimdiidudiiiusey
Faflaug € = 4meger I Iy CdSe daasdaladidnninUszann 6.20 Rgaudn wasudngn

i azauluniswisa QD Mmeudiannsau 1 61 As

0.116 eV
- (r/mnm)
vuali g = 8.854 x 107 F m™
11.5 (1.5 Azwuw) aynA CdSe QDs msduwiawile Fanzdunaiiuusngnsainisaeusulunisyisa
v o= A o o a & a v
sufuUszvihanTanuiluviiailla o gumgiivies

Hint: AasIUSeULigUn T SIAEuLUAINA N IUIUN I SaY AN s UL TUTAL /I UNAI LA IS OU

11.6 (2 azuu) szylieulvvesArnnudiuniu (resistance, R) Avialiusingnisalidulumiy

nananulusduauveslawudsn

h
AE - At = =
2
lne?l AE ARaInndae1uni1sonsanielszqueddlanasoutnazii wag At ARIINHARAMTENIN

AMUAUNIUAUFILUTNS T D il

R g gl gl g g



