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Learning Outcomes

1. Apply intermolecular forces to describe the
structure-function relationship of straight-chain
alcohols with respect to antibacterial activity

2. Explain, at the chemical level, alcohol poisoning

3. Connect alcohol reactivity to ethanol metabolism
and the breathalyzer test

4. At Home: Apply knowledge of intermolecular
forces: rank alcohols in order of boiling point and
select from a pair which molecule is more soluble
In water.



Common Functional Groups

FUNCTIONAL GROUPS IN ORGANIC CHEMISTRY

FUNCTIONAL GROUPS ARE GROUPS OF ATOMS IN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE CHARACTERISTIC CHEMICAL REACTIONS OF THOSE MOLECULES.
IN THE GENERAL FORMULAE SHOWN BELOW FOR EACH FUNCTIONAL GROUFP, ‘R" REPRESENTS THE REST OF THE MOLECULE, AND "X’ REPRESENTS ANY HALOGEN ATOM.

. HYDROCARBONS . SIMPLE OXYGEN HETEROATOMICS . HALOGEN HETEROATOMICS

ALKANE
Naming: -ane
e.g. ethane

ALDEHYDE

Naming: -al
e.g. ethanal

R—NH,

AMINE

Naming: -amine
e.g. ethanamine

ALKENE
Naming: -ene
e.g. ethene

0
g
R7 R,

KETONE

Naming: -one
e.g. propanone

R—C=N

NITRILE

Naming: -nitrile

e.g. ethanenitrile

ALKYNE
Naming: -yne
e.g. ethyne

CARBOXYLIC ACID

Narning: -oic acid
e.g. ethanoic acid

N
I

C
R R,

IMINE
Naming: -imine
e.g. ethanimine

ALCOHOL
Naming: -ol
e.g. ethanol

ACID ANHYDRIDE

Naming: -oic anhydride
e.g. ethanoic anhydride

ISOCYANATE
Naming: -yl isocyanate
e.g. ethyl isocyanate

CARBONYL COMPOUNDS

ETHER
Naming: -oxy -ane
e.g. methoxyethane

)
E
R “OR,

ESTER

Naming: -yl -oate
e.g. ethyl ethanoate

Ry,
N=N
~

Rz

AZ0 COMPOUND
Naming: azo-
e.g. azoethane

NITROGEN-BASED

EPOXIDE
Naming: -ene oxide
e.g. ethene oxide

AMIDE

Naming: -amide
e.g. ethanamide

R—SH

THIOL
Naming: -thiol
e.g. methanethiol

SULFUR-BASED . AROMATIC

HALOALKANE
Naming: halo-
e.g. chloroethane

ACYL HALIDE

Naming: -oyl halide
e.g. ethanoyl chloride

oY

ARENE
Naming: -yl benzene
e.g. ethyl benzene
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Alcohols

R—OH

ALCOHOL
> -of

Naming

o

e.g. ethanol



Dally Life Alcohols
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Dally Life Alcohols
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Dally Life Alcohols

o i
E OH
o PN
OH . ! .
OH {1 1sopropyl Alcohol (IPA)
| Methyl Salicylate : - 2-Propanol
+ Methyl 2-Hydroxybenzoate
’ Thymol
5-Methyl-2-(propan-2-yl)phenol ! !
Listerine 5 5 Rubbing Alcohol
e s S
" oH § ; Ho/\/ ~ | §
: OH i
Ethanol . Propylene Glycol HO
: . Propane-1,2-diol : 5
Cooklr\}girlliextracts : - | Vaniliin |
Beer ' : Rum Extract . 4-Hydroxy-3-methoxybenzaldehyde

Vanilla Extract

___________________________________________________________________________________________________



Problem 1

Explain, at the molecular level, why the
active flavor agents for rum and vanilla
extracts are dissolved in a water-ethanol
solvent blend as opposed to a solvent such

as pentane?

______________________________________________

: o

: HO/Y H
Ethanol " gy oH

. Propylene Glycol ; "o
Pentane """  Propane-t.z-dol - N

| | | Vanillin

. 4-Hydroxy-3-methoxybenzaldehyde

Vanilla Extract

______________________________________________



Disinfectants and Antiseptics

A BRIEF SUMMARY OF DISINFECTANTS & ANTISEPTICS

(Hey.‘ @ USED FOR ANTISEPSIS IO:' USED TO DISINFECT SURFACES @

ALDEHYDES BIBUANIDES BISPHENOLS DIAMIDINES

USED FOR STERILISATION (E.G. MEDICAL INSTRUMENTS) @ USED FOR PRESERVATION

USED IN ALCOHOL-BASED SANITARY HAND . MAINLY USED FOR DISINFECTION & : : USED IN CREAMS & FOR SKIN ANTISEPSIS : - TRICLOSAN IS COMMONLY USED IN . MAINLY USED FOR THE TOPICAL :
GELS PRESENT IN HOSPITALS STERILISATION OF MEDICAL INSTRUMENTS & & IN SURGICAL PROCEDURES . ANTISEPTIC SOAPS TREATMENT OF WOUNDS M
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ETHANDL ISOPROPANDL FORMALDEHYDE GLUTARALDEHYDE
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Show broad activity against bacteria, fung,
and viruses. Not used for general antisepsis,
due to their nls" roxscicy Due to the relat Ive|:|.'
ong contact times required to disinfect, other
agents are often preferred.
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CHLORHEXIDINE DIGLUCOMNATE TRICLOSAN
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Effective against bacteria, t(hough more 50
against gram-positive bacteria. There are
concerns surrounding tricosan’s use In
s0aps due to its effects on the skin, and also
due to its accumulation im the environment.

PROPAMIDINE

©

Less commonly used than the other featured
compounds; halogenated deriva f
these compows nds can also be used. Unlike
some other agents, they still work in the
presence of organic matter.
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Kill many bacteria and fungi, and some
viruses, when used at suitably high
concentrations [usually 60-90% solution)
Slow-acting, and evaporate easily, so lack
residual action. Can't be used to sterilise.

. but don't evaporate easily like
alcohols, 50 provide some residual activity.
Active against most bacteria, and show

ity against fungi and viruses
Combination with alcohol increases efficacy.
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HALOGEN-RELEASING METAL DERIVATIVES PEROXYGENS PHENOLICS (UATERNARY AMMONIUM SALTS

sEsssssEEEEEREEEERRERRES

MAINLY USED FOR SURFACE DISINFECTION; : : RARELY USED FOR DISINFECTION, BUT SUITABLE CONCENTRATIONS CAN BE USED USED FOR SURFACE DISINFECTION IN : : USED IN MANY ANTISEPTIC CREAMS AND :
FOUND IN HOUSEHOLD BLEACH » « CAN BE USED FOR VACCINE PRESERVATION FOR STERILISATION & ANTISEPSIS HOSPITALS AND LABDRATORIES P KITCHEM SURFACE CLEANERS .
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Affact bacteria, viruses, and fungi. Usually o o Sitver salts are strongly bactericidal,and 5 a3  Widely used and environmentally friendly, Phenol is no longer used as it is corrosive 5 o Low toxicity, so can be used to disinfect M
chiorine and jodine-containing compounds, e e canbe used 1o halt bacterial growth inburn & e  &s they decompose into safe by-products, and carcinogenic. A number of derivatives  » » surfaces in food-handling areas. Work .
with the halogens acting as oxidising agents  ® *  wounds. Thiomersal is used as a preservative ® ®  most solutions need stabilisers to prevent are widely used, often for sterilising * ®  against gram positive bacteria and gram @

on micro-organisms. lodine solutions can : : in some vaccines, and there are no causative : : decomposition. Broad spectrum of activity. surfaces. They're partly responsible for the : : negative bacteria, though gram negative :

cause irritation and staining, . links to any harmful effects. P Peracetic acid is the more potent characteristic smell of hospitals .. bacteria growth in solutions is possible -
. s .. .. .
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Disinfectants and Antiseptics

— a— . —~
ﬁey: l@} USED FOR ANTISEPSIS 0 USED TO DISINFECT SURFACES l,@_: USED FOR STERILISATION (E.G. MEDICAL INSTRUMENTS) @ USED FOR PRESERVATION
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ALCOHOLS

USED IN ALCOHOL-BASED SANITARY HAND
GELS PRESENT IN HOSPITALS
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ETHANDI ISOPROPANDI

Kill many bacveria and fungi, and same
viruses, when used at suiab ¥ hl‘g""
Oonoenranons (usual Wy B0 -0 % Soxluitioan)

Slow-acting, and evaporate easily, 5o lack
residual action. Can't be used to sterilise
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Bacterial Cell Walls

GRAM-NEGATIVE = GRAM-POSITIVE

lipopolysaccharide
R’R;"RRR’"”"R;RRR;RR;R!RR& outer

membrane

SOV | membrane | YN




Bacterium Cell Membrane Architecture

0.7-1.0 nm

~0.3 nm I

2.5-3.5 nm

Lipid head

Lipid tail

Fully hydrated
Fully dehydrated

Intermediate
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Ethanol Lipid Bilayer Simulation

https://www.youtube.com/watch?v=9RmeDPqYUMI

> R 0:02/348

Ethanol interacting with a membrane

15,036 views * Apr 30, 2009 i 49 &2 & SHARE =i SAVE ..




Ethanol Lipid Bilayer Simulation

Watch 0:00 to 0:20




Ethanol Lipid Bilayer Simulation

Watch 1:30 to 2:30




What Occurs at 2:157?




What Can You Conclude At 3:287?




Problem 2

Do you think an alcohol with a longer alkyl
chain than ethanol will penetrate the
bacterial membrane 1) faster, 2) the same,
or 3) slower? Explain.
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Methanol

Ethanol

Propanol

Butanol

Octanol



Problem 3

As the number of carbon atoms in the alky!
chain increases, what impact do you think
this has on the alcohol’'s antibacterial
potency?

Methanol H,C—OH

Ethanol /\OH
Propanol P
Butanol " 0H



Problem 4

What is your definition for alcohol
poisoning?

SOL. OF FORMALDEHYDE, U.S.P,

Antidote—If swallowed, give ammonia in dilute
solution followed with emetic of mustard; demul-
cent drinks, inhalations of ammonia. Call phystcxan

NET FLUID OUNCES PACKED BY

WILLAR‘D S DRUG STORE
) DRUGS AND SERVI_[EWITH AREPUTATI‘DN €

LUSK, WYO.




Alcohol Poisoning

Life-threatening signs of alcohol poisoning include:

¢ "< Inability to wake up ' Slow breathing g Seizures
Y) (fewer than 8 breaths per minute)

q Vomiting Hypothermia
= Irregular breathing @' (low body temperature),
(10 seconds or more between breaths) bluish skin color, paleness

What is a “standard drink” in the US?

T}

12 ounces 8 ounces 5 ounces 1.5 ounces of distilled spirits
of beer of malt liquor of wine 40% alcohol (80 proof)
5% Alcohol 7% Alcohol 12% Alcohol e.g., vodka, whiskey, gin, rum

SOURCE: National Institute for Alcohol Abuse and Alcoholism.




Metabolism (Oxidation) of Methanol and

CH30H

Methanol

CH3CH,OH

Ethanol

Ethanol By Liver Alcohol

Alcohol
Dehydrogenase

oy

Alcohol
Dehydrogenase

oy

Formaldehyde

I
C
HC” H
Acetaldehyde
"Hangover"

Formaldehyde
Dehydrogenase 0
. |
C
H” OH
Formic Acid
Blindness
Acetaldehyde
Dehydrogenase 0
. [
©
H,c” SO
Acetate

Folate

Dehydrogenase

Metabolism

Y

CO, + H,O

CO, + H,O



Formic Acid Toxicity

ANT VENOM AND PHEROMONES Fomic acd s the main compoent
o of many ant venoms, present at

Ant bites and stings can cause intense pain. Here, we highlight some of the chemical components JL . q

in ant venom that are responsible and zero in on molecular signals the insects use to communicate. H OH concentrations of up to 70% by volume.

S

71% FRovices 3< XX N
sonemosrears  10—300 Hg
Formic acid is the main component

of many ant venoms, present at
concentrations of up to 70% by volume.

Some ant species, including fire ants,
have alkaloids in their venoms. These Credit: Shutterstock

(j\ compounds can have toxic effects.
Ay P PHEROMONES

Cytolytic peptides penetrate and destroy Ants secrete pheromones. These are chemicals used to
cells. Neurotoxic peptides, less common communicate with other ants for a variety of purposes,

1 fnls ) :
[-:n\"’? L"‘AQ)? in ant venom, target ion channels. including to warn them and to signhal food.

Proteins can act as neurotoxins. They \ /7
can also cause inflammation, act as - n —
‘I ’ v allergens, and promote venom diffusion. 7/ \

PAIN AND ITS APPROXIMATE DURATION )

INCREASING PAI N =l JCL

|
SOUTHERN ARMY REDIMPORTED BULLET Secreted to Used as a scent Secreted by
FlREANT ANT FIREANT ANT' warn other ants trail to guide queens to stop
Smin Smin Sl “22il of dangers such otherants to the reproduction
as predators food sources of workers

Source: Schmidt Sting Pain Index
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Alcohol Distillation
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Ravy material 130 | fermented wiliams pear 5,7% ABY methanol concentration 1,6 miM00 ml p.a.



Metabolism of Ethanol

THE CHEMISTRY OF A HANGOVER

For most of us, a hangover is the price to pay for a night of drinking. However, we still don’t know what exactly it is that causes
them. In this graphic, we look at what happens to alcohol in your body, and some of the prime suspects for causing your hangover.

0]
/\OH —_— AO — )I\ In the liver, ethanol is converted to acetaldehyde by the alcohol
0 dehydrogenase enzyme, and then subsequently converted into
acetate by the aldehyde dehydrogenase enzyme. Acetate can be
broken down into carbon dioxide and water, then eliminated from
the body. On average, the liver can break down alcohol at the rate

of one unit (8 grams or 10 millilitres of pure alcohol) every hour.

acetaldehyde

‘othyl

Alcohol causes changes in cytokine

Acetaldehyde, produced by the
breakdown of alcohol, has toxic
effects that could cause hangover
symptoms. However, acetaldehyde
concentration doesn’t significantly
correlate with hangover severity.

Alcohol has a diuretic effect on the
body, increasing urine production.
Alcohol-induced dehydration has

been suggested as a cause for some
hangover symptoms, but research

suggests it isn't a major factor.

Congeners are compounds other
than ethanol in drinks. These include
alcohols such as methanol, which
breaks down into toxic formaldehyde
and formic acid. Congeners can
increase hangover severity.

concentrations in the immune
system. Studies have shown the
effects caused by some cytokines are
very similar to those of a hangover,
strongly supporting their role.
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Breathalyzer Test

3CoH50H + 2 K,Cr,0; + 8HSO, ——> 2Cry(S0y); + 3CH3COOH + 2K,SO, + 11 H50

Potassium Sulfuric Chromium (111) Acetic Potassium

Ethanol Dichromate Acid Sulfate Acid Sulfate

Water

i“ﬂ:-' : L

No colour change: No Alcohol detected

-
Some colour change: Alcohol Present .

You may be impaired. Alcohol Ievels can rise as weII as
fall after drinking. Do not Drive - wait 60 mins and test again.

ST ’

Over the Line - DO NOT DRIVE
You are lllegal to drive in Scotland, France & Ireland
and most likely over the higher limit in England/Wales as well.

https://alcodigital.ie/single-use-breathalyzers/



