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1. LANBUNSY

g15n19115A
H

HO ©

acetominophen
(Paracetamol)

M k]

CHOCOLATE CHEMISTRY

Whether your preference is dark, milk, or white chocolate, here’s a handy guide to what’s inside!

COCOA SOLIDS: >35%

DARK CHOCOLATE MILK CHOCOLATE : 0

o CH;  MEDIAN LETHAL
! DOSE FOR DOGS

300 mg

(PER KG OF BODY

N
7 X
orlqN

CH, WEIGHT)

THEOBROMINE

Dark chocolate has the highest amount
of cocoa solids, which remain after
€0coa butter is extracted from cacao
beans. The solids contain theobromine,
toxic to dogs, and phenethylamine,
linked to a feel-good effect.

: " NH,

COCOA SOLIDS: 20-30%

HO

0
H,CO Z

e

Confectioners add vanillin to many
milk chocolates to enhance their
flavor. American brands of chocolate
often contain butyric acid, which adds
3 sour note to the chocolate’s taste.

o)

A~ Ko

BUTYRICACID

CHOCOLATE
COCOA SOLIDS: 0%

(o)

White chocolate does not contain any
<ocoa solids, only cocoa butter, sugar,
and milk. Cocoa butter is composed of
a number of fats, mainly stearic acid
and palmitic acid.

o)

@ © C&EN 2016 Created by Andy Brunning for Chemical & Engineering News
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http://newsinfo.inquirer.net/816712/france-bans-plastics-to-aid-in-battling-climate-change
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2. IWUNATNMBATABUNTS  Twunaunlanduvesans (Functional groups)

d1sdsenau  @1susenau
lalasaniueu  ansUsznausandiau asusznavanlany @susznauasuaiia |y lnsmy e A139z15ufAN

. HYDROCARBONS ‘ SIMPLE OXYGEN HETEROATOMICS ‘ HALOGEN HETEROATOMICS ‘ CARBONYL COMPOUNDS ‘ NITROGEN-BASED ‘ SULFUR-BASED . AROMATIC

r 1
I : I : : !
1 1 ! 1! :
1 | 1 1 1
I I . I
I b . I
| : | : 1 1
: ALKANE ALKENE ALKYNE 1 ' ALCOHOL ETHER EPOXIDE 11 HALOALKANE :
! Naming: -ane Naming: -ene Naming: -yne 1 ! Naming: -ol Naming: -oxy -ane Naming: -ene oxide | | Naming: halo-

L e.g. ethane e.g. ethene e.g. ethyne | 1 e.g. ethanol e.g. methoxyethane e.g etheneoxide |1 eg.chloroethane J'
1 1
1 1
| |
1 1
1 1
1 1
: ALDEHYDE KETONE CARBOXYLIC ACID ACID ANHYDRIDE ESTER AMIDE ACYL HALIDE :

Naming: -al Naming: -one Naming: -oic acid Naming: -oic anhydride Naming: -yl -oate Naming: -amide Naming: -oyl halide
! e.g. ethanal e.g. propanone e.g. ethanoic acid e.g. ethanoic anhydride e.g. ethyl ethanoate e.g. ethanamide e.g. ethanoyl chloride :

AMINE NITRILE IMINE ISOCYANATE AZ0 COMPOUND THIOL ARENE
Naming: -amine Naming: -nitrile Naming: -imine Naming: -yl isocyanate Naming: azo- Naming: -thiol Naming: -yl benzene |
e.g. ethanamine e.g. ethanenitrile e.g. ethanimine e.g. ethyl isocyanate e.g. azoethane e.g. methanethiol e.g. ethyl benzene |
o 1
@ © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@@

This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.
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2. ALUNEITNIWARDUNTE

Hydrocarbon
H+C
| |
|
Aliphatic/Alicyclic Aromatic
R
| O
Aliphatic Alicyclic (cyclic)
| | |
| | | | | |
Alkane Alkene Alkyne Cylooalkane Cycloalkene Cycloalkyne

- ©

ethane ethene ethyne cyloohexane cyloohexene cyloohexyne




1.9aAU Alkane  cH, ., lelaseifueunuududn  siussifedviavae

| T T P
e B4R Shadd Friaed
H H H H H H HHHH
Methane Ethane Propane Butane Cyclohexane
Ty iy TUsiwu TNy EGRIGRILY)
CNG : Compressed Natural Gas (wAd CNG) LPG : Liquefied Petroleum Gas (wAd LPG)

‘8 N\

CNG

ttps://wwaw.ngva.eu/what-is-cng http://wwiw.cartog.com/is-pg-or-cng- http://changpheakgas.yellowpages.co.th

better-for-a-small-petrol-car/
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2.9aAU Alkene Olefin  CH,  lelasasuonuuulidusn  fiusen

7iau LUF-LAlsIY Cyclohexene

Ethylene B-carotene Tolmalendu
whaUnnale

https://www.indiamart.com/proddetail/ http://lifecellproducts.com/wp-content/uploads/ https://pixabay.com/p-600205/7no_redirect
fruit-ripening-gas-ethylene-9763540948.html 2014/01/1s-Beta-Carotene-An-Antioxidant.jpg
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3.9alau Alkyne CH,, lelasasueunuulaidud lWuszany

nuteslusssuyd wasluresujuinis Weweunu alkane wag alkene

H-C=C-H | e

Ethyne/Acetylene gas

dlmi/uheoviiiau Cyclooctyne HO Ethinyl estradiol
lalaatanau o¥itla loanslaeea
Oxy-acetylene welding torches Eﬂ@llﬁ%‘aﬂ

http://www.welderbros.com/best-oxyacetylene-welding-kit-reviews https://en.wikipedia.org/wiki/Ethinylestradiol (Accessed on 20 June 2017)
(Accessed on 20 June 2017) http://www.gettyimages.com/ (Accessed on 20 June 2017)
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4.9215u1%n Aromatic ilaseasradung

benzene (1wuiu) naphthalene
H H H H LUNNAY
N N )
P e anwdy
H—C C—H =—> € C—H
/ \ 7
C=C C—C
£ N\ VAN
H H H H
g%: 4 1;:;;“,,.. M?‘ @-/‘,/,

A e

https://image.ec21.com/image/wonderhome2008/

WUFEAATUNUTELAYN

L\ IS
Sae

3 U

NANULEDYTE
!
N _CHs

HO

acetominophen
(Paracetamol)

NIIGANDA

AL E T T ERRRE OSSN
See New Warnings Information & Directions

YLENOL

NDC 50580-449-05

e EXTRA

Acetaminophen STRENGTH -

ey For Adults (
500mgeach U _

https://intl.target.com/p/tylenol-extra-strength-pain-reliever-and-

oimg_GC04008303 CA04008354/Naphthalene Ballsjog fever-reducer-caplets-for-adults/-/A-14852008
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5.uaanatglan Alkyl halide  Rrx X =F, CL, Br, |

TF % ToBr
fo-cf F-G-Cl F-C-G-H
F Fon F F Cl
Teflon Dichlorodifluoromethane Halothane
Wmany ansviAuduy Y1daUy

”

© ChaNaWit / Shutterstock.com’

http://todayshealth.buzz/what-is-teflon- . http://www.newsmedical.net/image.axd?
and-why-you-should-avoid/ https://www.thegoodguys.com.au/ picture=pre%20oxygenation%20for%20

general%20anesthesia%20-%20ChaNaWiT.jpg
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6. waanaaoa Alcohol R.OH nylansanda (hydroxyl, -OH)

IT' ITI ITI OH OH
H—(IZ—OH H—(ID—(IJ—OH
H H H
methanol ethanol cyclohexanol phenol
WNIUDA LONIUDA lolaaenanuea Wuoa

https://www.myvmc.com/health/alcohol-and-drinking/




7.91595 Ether R-O-R’ wyaanlyn (oxide, -O-)

CH3_O_CHQCHQCH3 CH3CH2_O_CHQCH3

WalwsNanLses latefadlsos
(Methyl propyl ether) (Diethyl ether)
YIAaU YIAAU/FIVINarany

woaeaulnarea
Polyethylene glycol(PEG)
NOADLEDS

Tolugnamnssuenis sesd1onen

http://www.newsmedical.net/image.axd?
picture=pre%_20oxygenation%20for%20 http://skincare.lovetoknow.com/Skin_Creams

general%20anesthesia%20-%20ChaNaWiT.jpg
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http://www.newhealthadvisor.com/

toothpaste-on-acne.html
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v _ A g O 1 3 v o 3
S.Qaﬂlﬁﬂ Aldehyde R—&—H Mgm‘man%aﬂ‘l‘e’!ﬂ (carboxaldehyde, -CHO)
o iinduvieu
O O X
I I H
H-C-H CH;—C—H
Wosuanlen DETRAR bFA/LONIUA FUUINaALER
(Formaldehyde) (Acetaldehyde/ethanal) (Cinnamaldehyde)

Nasu1au JuuURa (dUY)

K-\,, 1’ https://www.medicalnewstoday.com/articles/317207.php
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9. Alau Ketone (ﬂ) My:ﬂﬁ‘fuaﬁa (carboxaldehyde, -C=0) Jnaunay
R-C-R'
% 0 i
I
CHS_C_CH3 CH3_C_CHQCH3
- HO
DyALAU
(Acetone, Propanone) Ethyl methyl ketone Raspberry ketone
fvhazany thendradu NAUTIELUDS

Lo001209FE

acetone
nail polish
remover

and giiter from natural nails
mmmmmmmmmmmmm

6 FL OZ (177:

o

https://intl.target.com/p/acetone-nail-polish-remover-6oz-up-up-153/-/A-13317483 https://www.wholemom.com/free-samples/raspberry-ketones-fat-burner/

Department of Chemistry, Faculty of Science, Maejo University



10.n3AAN3UBNEAN (Carboxylic acid) 0 saiansuanda (carboxyl, -COOH)

R-C-OH
o Junse fisawsen
O “on O
CH3—C-OH H-C-OH
NIADLTAN NIALUUIEBN nsanasin
(Acetic acid) (Benzoic acid) (Formic acid)

WndEYYy ASAUA

https://maanow.com/f%‘mﬂﬁ/l45—ﬁﬁﬁuaﬂﬂy.htmt http://www.alamy.com/stock-photo/formic-acid.html
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11.106wa5 (Ester) O T,
R-C-0OR'
i 0
CH3—~C~OCH,CHs CH2CH,CH3—~C~OCH,CH,
LeadLan Ratlnse
(Ethyl acetate) (Ethyl butyrate)
Yeaady naudulysn

)7/ % &

-

O‘{,

https://writer.dek-d.com/ubyi/story/viewlongc.php?id=710448&chapter=127 https://unsplash.com/@pineapple

OH

LUV PIAY AN
(Methyl salicylate)
U3 UL7E

Nammanmuay

The Authentic Thai Liniment
power your pOIfOHY].’]HCC & recovery

e
lléH :‘1:**

http://www.lazada.co.th/bestvalue-60-cc-13224849.html
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O Acyl carrier Protein H
\PC/\/\/C\N/\/\/\NJ/ Potypeptide \g/
O H Hon HO
Nylon-6,6
, Acetaminophen
Polyamide
Paracetamol

Pl e /e kel LSS SRS
See New Warnings Information & Directions

YLENOL

NDC 50580-449-05

s EX TIRA
Acetaminophen STRENGTH

% For Adults ?

500mgeach g

https://www.aliexpress.com/w/wholesale-nylon-rope.html https://intl.target.com/p/tylenol-extra-strength-pain-reliever-and-
fever-reducer-caplets-for-adults/-/A-14852008
http://www.guidechem.com/dictionary/en/66851-75-0.html
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13.1841U (Amine) R-NH -

CHj
WRaniu Tatuiiandiu Tasiufianiiu
methylamine dimethylamine trimethylamine
[UdDaU Wslauu nauvan

German cockroach

https://www.123rf.com/photo 55604195 _stock-vector-cute-cockroach-cartoon.html

Department of Chemistry, Faculty of Science, Maejo University



Fundamental Chemistry (10303105) Organic Chemistry

=

2. IMLUNFITNIULARDUNT S — Condensed

General

Family Formula* Formula

Type of Type of -
Hydroombon  Bonds Gonorio Formala* Alcohols R—OH ROH
Ethers R—0—R ROR
Alkanes All single C,Honio B
|
Aldehydes R—C—H RCHO
0
CH Ketones R—C—R RCOR
Alkenes One (or more) double nti2n
0
Carboxylic acids @ R—C—OH RCOOH
Alkynes One (or more) triple C,Hop-2 .
|
. . Esters R—C—0R RCOOR
Aromatic gy sypaduiusied 1w
i
Alkyl halide  siysgipeavun G5y 7 CoHaneX e~ R—N—R RN
Amide R-C-N-R' RCONHR
H

Department of Chemistry, Faculty of Science, Maejo University
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2. IMLUNFITNIULARDUNT S

et aseeluiiingilanduesls

CHZ— CH3

S e T d. CH;—C=C—CH—CH—CH,—CHj

CH3 CH3

CH;
b. CH3 _CHZ_CH—CHZ_O_CHz_CH3 e. H3C_CH2_CH2_£|:H
c. H,C—CH; OH
I
f. H;C— c|:H—CH2
CH, H;C

LUURNYIR Aaelsalnesen dlaseasnened annaunagseyviinvaayilandunnuluiniae

CH3 C8H17

HO

Department of Chemistry, Faculty of Science, Maejo University
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2. ALUNEITNINALDUNSE

LUURNYR

1. @15volnfAaLaaInes (ester)

a) CH3;—CH,—O—CH;
O
b) CH3—CH2—(|'!—OH
O
9] CH3—(|'!—CH3
O
d) CH;—C—O—CH,CH;

Organic Chemistry

_astuvrelaiinduimiiy

o)
2) CH3—(|!—O—CH3
b) CH,—CH,—NH,
¢) CH;—CH,—O—CHj

d) CH3_ CH2 £ CH2 S OH

Department of Chemistry, Faculty of Science, Maejo University
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gIANIUNTY wUIANNNISUABULUA9INENS AR LT UNANN U9

Substrate
A15099U

+ B C +
Reagent Product
AlmiNURRTEN GREEL BB
UAASEN1sunLi (Substitution reaction)
UfAsen1siey (Addition reaction)

UN3811153A (Elimination reaction)
N59Ase9AIln (Rearrangement)

Ufnseneenandu-sandu (Oxidation-Reduction reaction)

24
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4 = (% U

1. Uﬁ S81N15uNUN (Substitution reaction) galuasAanunTiuseaudgnuNuaILaEnaudY

H H H Br

H-C-C-H + Bro —— H-C-C-H + HBr
H H H H
NU Raluslug

CHz;=OH + HBr —— CH3—Br + H.0

WUNUDA Wialuslug

Department of Chemistry, Faculty of Science, Maejo University
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3. Ufjnsenalidunsd

2. Unse1n1siAu (Addition reaction) ogmaNBI AL T us el BuivesansRedy
I_I%r IT%r

H,C=CH, + Bro ——> H,C—CH,

U Talustudmu
9 + HZO L (?H

H3C_C_CH3 H3C_(|:_CH3
OH
oLl NS, 2-2-lneaa

Department of Chemistry, Faculty of Science, Maejo University
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3. Ufjnsenalidunsd

3. Ufjis81n13van (Elimination reaction)  avneuvigaesniiniluiussiilidud (a/a1w)

H Br
| |
H—(ID—(IZ—H + KOH —> H-C=C-H + KBr + H,0
| |
H
lusludmnu U
H\ /H
c=Cc *+ NaNH —> H-C=C-H + NaBr+ NHj4
H Br
lusludnu il

Department of Chemistry, Faculty of Science, Maejo University



3. UfAseaiidunse

4. 159389 nd (Rearrangement)  ansssruiinisilasuudadlasadisluianagnnii

GHs methy! shift v GHs
CH3_9_CH2 - > CH3_CI:_CH2
CHj CHj
2° Carbocation 3° Carbocation

ARSIy

I

H H-Shift H




aAan = =% = 6
3. Uansmmuaumﬂ #1372% (Reducing agent)
NaBH,
LiAlH,

@lalasueay Tnlalasiau)

5. Ug‘jﬁ‘%a'\aane‘z‘ﬂ,ﬂ%’u—‘%ﬁn%’u (Oxidation-Reduction reaction)

ﬂﬁﬁ%ﬂ’l’%ﬁﬂﬁffu (Reduction reduction)
\usy C-O am Wusy C-H iy

H QH Q Q
H-C-H  H-C-H  H-C-H  H-C-OH
H H
DaLAL LOANDIaA danlgs/  NIAAISUBNTAN
freendlay (Oxidizing agent) Oy
KMnQO, MQ . ”
Cr0,, H,0* Unnsgneanaiatu (Oxidation reduction)

NaCr,0,, H,SO, Wusy C-O Wy Wuse C-H an

({99nTLULLDY 1DNTLIU)

29




3. UfAseaiidunse

5. Uﬁﬁ%a'\aane‘z‘imﬁu—‘%ﬁn%’u (Oxidation-Reduction reaction)

. OH O O
Ujfsensendindy H—C—H KMnO, H-C—H &noy H—C-OH
|
H
WNUDA WU ASALUNILULDN
OH
Cr03
@ o é
lolralgnanuea lolaatgnanluy
Ufnsesandu O NaBH,, OH
3C C CH3 —> H3C C CH3
Twswluy H 2-lNsWIuea

O OH
©)KH LiAIH, @H
—_— H

LUTAR LR WUTa Loanegoa




; acetone
1. UHAseINIsnud | a = B ——= OH +  HCI
2. Uansennisiag H,C=CH, + Brp —> B
Br Br
3. UnnseInsuan ‘/J\ + NaOEt _EtOH 4J
Br
4. NIInEeIalng HC © HiC.@ ¢Hs
HgC-C-C-CHy —= ~ C-C-CHj,
H,c H H,c” H
5. UjfiTuneendindu-3sndu
ol KMnO, Q  Kmno, o
H-C-H ————> H-C-H —> H-C-OH
| —— ~

H NaBH, NaBH,




Fundamental Chemistry (10303105)

foes  UfRseseluildulfisenesls

0)
+  CH30H
1. /\)J\H 3

OH

—
~~

2. O_/ KMnO,4 0
Br NaOEt
3. CH3CH2(5HCH3 W CH;CH=CHCH3
4. )\ + CN  —— )\
Br CN

o) NaBH, OH

—_—

H Cl Cl

/\)\OCHS

+ CH3CH2CH=CH2

H
H3C_Q_CI;H2

Organic Chemistry
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