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The material below is reproduced, with minor modifications,
from:https://chemistryfromscratch.org/1-12

Courtesy of Chemistry from Scratch
https://chemistryfromscratch.org/ (free online course)
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A molecule of sulfuric acid, H,SO,, has two hydrogen atoms connected to the acid
remainder (SO,) and is therefore a dibasic acid. Sulfuric acid is possibly the most important
commodity chemical that has numerous applications and is manufactured on a tremendous scale.

It is sometimes said that the per capita volume of manufactured and consumed sulfuric acid is

)
an indication of a country’s state of industrial development. The largest consumers of sulfuric

acid are the fertilizer, petrochemical, and chemical industries.

Sulfuric acid is a colorless and odorless liquid. The content of H,SO, in commercial
undiluted sulfuric acid, called concentrated sulfuric acid, ranges from 95% to nearly 100% by
weight (the rest is water). Concentrated H,SO, is viscous (has the consistency of oil), which
explains its medieval name oil of vitriol. Unlike oil, however, sulfuric acid is very dense, d =
1.84 g/mL, nearly twice as dense as water.

Sulfuric acid is miscible with water in any proportion, has a very high affinity for water,
and is@hygroscopic. A substance is said to be hygroscopic if it takes up and retains moisture
from the air. Concentrated sulfuric acid does not only that, but also avidly pulls water out of
various inorganic and organic compounds and materials. The process of water removal from
a substance is called dehydration. There are two types of dehydration. In one, the already
available water molecules in a moist material are transferred to a dehydrating agent. In this
case, the loss of water is a physical phenomenon. In the second type of dehydration, a

®
dehydrating agent brings about a chemical reaction that generates water and absorbs the water

produced. Concentrated sulfuric acid can perform both types of dehydration. You may have
seen a spectacular demonstration of the dehydration of sugar by concentrated sulfuric acid.
The formula of sugar (sucrose) is C,,H,,0,,. For the time being, it suffices to say that there
are no water molecules in sugar. Being “hungry” for water, sulfuric acid forces the molecules
of sucrose to decompose to water and carbon among other products. The water produced is

avidly absorbed by the H,SO, used for the reaction:

C,,H,,0,; (sucrose) — 12C + 11H,0



The powerful dehydrating ability of concentrated sulfuric acid is one of the two key
reasons for its extreme corrosiveness. The other key reason is the very high strength of H,SO,
as an acid. Concentrated H,SO, must be handled with utmost care because it burns through
cloth and causes painful and slow-healing burns to the skin. Direct contact of concentrated
H,SO, with the eyes can result in permanent blindness. The necrosis of tissues caused by
sulfuric acid has both chemical and thermal origins. As dehydration by concentrated sulfuric
acid occurs, much heat is released, which exacerbates the chemical damage by the thermal burn
of the same area.

Aqueous solutions of sulfuric acid for a broad variety of uses are prepared by dilution of
concentrated H,SO,. Great care should be exercised when mixing concentrated sulfuric acid
and water because the mixing generates a massive amount of heat. To dilute concentrated
H,SO,, it is always the acid that should be slowly poured into the water at stirring. Doing it
the other way around is likely to result in a bad accident. In an educational video posted on
the Internet, water is added to pure H,SO, on purpose, to demonstrate the potential danger of
the wrong order of addition. Toward the end of this very short demonstration, the temperature
in the flask rises above the boiling point of water (100 “C). Imagine scalding-hot strong acid
splattering around on one’s clothing and skin, let alone eyes. In contrast, no splashing takes
place if the acid is added to the water.

OWhy does the order of addition (acid to water vs. water to acid) make such a big
)

difference? The amount of heat produced on mixing a particular volume of H,SO, with a
particular volume of H,O is the same, no matter how the two are mixed. One explanation
deals with the difference in density of concentrated sulfuric acid and water (see above). When
water is added to much more dense H,SO,, the water stays on top of the acid for at least a short
moment before the two are fully admixed. The heat instantly released on contact of the two
1s sufficient to make the upper layer of the small amount of water boil abruptly and violently,
spitting and splashing around the hot acid solution. When poured into the water, the more
dense sulfuric acid goes to the bottom and the heat released is dissipated over the large amount

of water in the upper layer.

(tHH# : Chemistry from Scratch. https://chemistryfromscratch.org —H#i %)

() per capita: —AH 7 D, medleval 78, affinity: FHAIPE, decompose: 77 fE 9 5,
corrosiveness: iy ﬁf@ necrosis: fzszﬁE thermal: 2\ D, exacerbate: Elhxd 5,
dilution: 7R, stir: 1’%?’#?‘5 (M &Z{EE 5), scalding: )\@7’5’5 I3 &, splatter, splash:
(W RS) TROHELS, abruptly: 2UC
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A laboratory technician was asked to prepare a 20% solution (by mass) of sulfuric acid in
water from concentrated (100%) H,SO,. For that, he decided to mix 100 g of water and 20 g
of concentrated sulfuric acid. Since it is easier to measure liquids by volume than by mass,
and, knowing that the density of water is 1 g/mL, the technician placed exactly 100 mL of water
in a graduated cylinder. Then he placed 20 mL of concentrated H,SO, in another graduated
cylinder. After that, he started adding the measured quantity of water to the sulfuric acid.
Once the first portion of water was added, much heat was released, and a violent splattering
occurred. Fortunately, the technician had a lab coat, rubber gloves, and goggles on, as
otherwise he would have had hot acidic splashes all over his hands, face, and, possibly, in his
eyes. After the hot liquid mixture cooled down, the technician decided to check if the solution
was acidic. For that, he mixed a few drops of the resultant acid solution with a few drops of
a phenolphthalein indicator solution. As the mixture remained colorless rather than turning
raspberry red, the technician concluded that something went wrong and the acid had

decomposed.
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CH3—(CH5)3—CH=CH, + H-Br CH3—(CH2)3—(|3H—C|H2 (1)
1-hexene Br
2-bromohexane

The addition of hydrogen bromide (H—Br) to 1-hexene produces 2-bromohexane

preferentially. OThis type of reaction is normally rather difficult to perform with aqueous
i

hydrobromic acid in the undergraduate laboratory for several reasons. First, common alkenes

are immiscible with concentrated aqueous hydrobromic acid, and the reaction is sluggish if the
layers are not mixed efficiently. Second, H—Br is a strong acid that protonates water extensively
to give the hydronium ion, H,O". Because a hydronium ion is a weaker acid than undissociated

H—Br, it is unable to protonate the alkene rapidly under mild reaction conditions. Moreover, the

presence of water in the reaction mixture introduces the possibility of competing@acid-

catalyzed addition of water to the alkene. These problems are reduced by using anhydrous H—Br,

but the highly corrosive nature of this gas makes it difficult to handle and use.

A convenient solution to these experimental difficulties entails the addition of a catalytic
amount of a quaternary ammonium salt such as methyltrioctylammonium chloride,
CH,(CgH,,);N"Cl , to the heterogeneous mixture of the aqueous acid and the alkene. The
ammonium salt partitions between the aqueous and organic phases because of the amphoteric
nature of the catalyst (Scheme 1): it is lipophilic or nonpolar-loving due to the alkyl groups and
hydrophilic or polar-loving because of the ionic ammonium function, respectively. By forming

Aqueous Phase

C8H17 CSH17
| + I + _
H-Br * C8H17_'TI_CH3 CI- CsH17_'Tl_CH3 Cl™---H-Br
C8H17 C8H17 A
Organic Phase
CgHy7 CgH
|+ 1-hexene g7
CHs—(CH2)3—<|3H—C|>Hz + CgH17_'\||_CH3 CI” C8H17—I\:I+—CH3 Cl™---H-Br
Br H C8H17 CSH17

A
Scheme 1.



complex A with the H—Br, the ammonium salt extracts H—Br from the aqueous phase,
transporting it into the organic phase where the alkene is present. The quaternary ammonium

salt repartitions into the aqueous phase to complete the catalytic cycle. The transfer of the
3

H—Br into the organic phase essentially dehydrates the acid, making it more reactive toward the

alkene so that the addition becomes possible.

<Experimental Procedure>

(a) Setting Up; Combine 3.0 mL of 1-hexene, 14 mL of 48% aqueous hydrobromic acid, and

1.0g¢g ofOmethyltrioctylammonium chloride in a 50 mL round-bottom flask. Equip the flask
7

with a water-cooled condenser and set up the apparatus heating under reflux.

(b) Addition and Work-Up; With rapid stirring, heat the heterogeneous reaction mixture under
gentle reflux for 2 hours and then allow the mixture to cool to room temperature.

Carefully transfer the two-phase mixture to a separatory funnel, rinse the reaction flask
with 15 mL of petroleum ether, and add the rinse to the separatory funnel. Shake the funnel
thoroughly and allow the layers to separate. Verify that the lower one is the phase
and remove it. Transfer the organic layer to a conical flask and dry it with swirling over

anhydrous sodium sulfate for at least 30 minutes.

(c) Isolation; Decant or gravity-filter the dried solution into a 25 mL round-bottom flask, equip
the flask for simple distillation, and distill the product. Carefully control the rate of heating
throughout the course of this distillation because severe foaming can occur.

After the first fraction containing petroleum ether and unreacted 1-hexene is removed over
a range of room temperature to 80 ‘C (760 mmHg), change the receiving flask and collect the
bromohexane as a single fraction. Because the volume of product is likely to be only 1-2 mL,
an accurate boiling point may be difficult to obtain, and all material that disti®lls above 110-

115 °C (760 mmHg) should be collected in order to obtain a reasonable yield.

(Hi#4 : J. C. Gilbert, S. F. Martin. Experimental Organic Chemistry, 4th ed. Thomson
Brooks/Cole, 2006. —#5e8 %)

()  sluggish: XIGAY) W, extensively: K& ic, [AHEIPHIZ, dissociate: fi#iftd %, acid-
catalyzed: BRI IC X 5, corrosive: [E B D, heterogeneous: AA¥5—®d, amphoteric:
D, complex: #2514, under reflux: it M T, work-up: BILEE, petroleum ether:
AT =7 (v 5y vaTplisn & B ERNENERIKEDEEY)), sodium sulfate:
Wifk s> bV v A, decant: HiEA K ZET

Cengage Learning Inc.Reproduced by permission.
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13 PMEREBO®%Z HAGEICE .

fil4  FREBOQOILEMOREZ, AXDONEITIH > TEMARNC HAGE T~ Ko

15 LItoM@~di, CoFEEcHW/EEO—ITh s, EBRFIHCGEHz N TV BIHIC

(b)

[1 6 12Tk E B HEE A D 5EA T,

17 PMEREHO®ICRIL T, CoFEBREERICIT->/72EI A, 1.5 mL @ 2-bromohexane 7315 5
Nt, TORIBMTBWT, B 5172 2-bromohexane O¥JEHE 2, W 72 1-hexene O¥YI'E
mOMWGITHM T 202 BT 2 TEA L, GIEAGIET &)

158, 1-hexene & 2-bromohexane D5 f&Id, TN XN 84, 165, HEIFZN TN 0.70
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EIRTEHROFAET L HIEICBEdT 2 IROFEZFHEA, LFORWVICER L.

V) DE(RTE R D AR iDNA’C%%ODNA DIFHERLY DR E, mRNA ORELAIIC
HLESN, £OEHRET I/ ROEINICHRENT, & v I BuGlkEns. 4
(3, WIS EZICHEL Y v HEGNT 5. 7 v X7 BOEKIE, B 6ITEEO RS
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COTVF vy A SEE S e mRNA O %R X.
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SRR 2B A L.
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2 TRl T, (D~BIcEA L.
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REBV I OOMRVEMINTBOARLREROEALREME 2HE . Tho
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P > T, B, INoDRAREEKRTE, F7va -2 77 b—2
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[T - oD B R JLER U 7232 O Wr i O RS
9300 » 4200, 3300, 1800
3000 > 3000
2800 > 1600, 1200

FERHR1BLUOER2 THONLKER2 S, & & D DNAICFET 5HIRFER A B
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