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Zinc chloride is the name of chemical compounds with the formula ZreRid its hydrates. Zinc
chlorides, of which nine crystalline forms are known, arbbdess or white, and are highly
soluble in watef®@ton needelizn ey jtself is hygroscopic and even deliquescent. Samples
should therefore be protected from sources of moisturéydimy the water vapor present in
ambient air. Zinc chloride finds wide application in tegtpprocessing, metallurgical fluxes, and

chemical synthesis. No mineral with this chemical compasiis known aside from the very
rare mineral simonkolleite, Z6OH)sCl,,- H,O.
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Structure and properties EC number 231-592-0
UN number 2331
Four crystalline forms (polymorphs) of ZngCare known:a, B, v, ands, and in each case the ~ ChEBI CHEBI:49976"
Zn?* ions are tetrahedrally coordinated to four chloride iBhs. ChEMBL CHEMBL1200679"
RTECS number ZH1400000
Form Symmetry Pearso? Group No 2 b com) z P9 ATCcode BOSXAL2 (http://
Symbo (nm) (nm) cm’) www.whocc.no/atc_ddd_
o Tetragonal 1112 12d | 122 0.5398 0.5398 0.64223 4 3.00 index/?code=B05XA12)
P42/ Jmol-3D images Image 1 (http:/
B Tetragonal tP6 nme 137 0.3696| 0.3696 1.071 2 3.09 chemapps.stolaf.edu/jmol/
i ? =CI9o 0,
vy | Monoclinic mP36 P2Cc |14 0654 1131 1.23328 12 2.98 L”E)‘i‘l‘))hp'mode' Cl%5BZn%
&  Orthorhombic oP12 | Pnaz 33 06125 0.6443 0.7693 4 298 SMILES
. . . . . InChl
Here, a, b, and c are lattice constants, Z is the number aftateiunits per unit cell anglis the 5 .
roperties

density calculated from the structure parame@@[“]
Molecular formula | ZnCJ

The pure anhydrous orthorhombic fori) ¢apidly changes to one of the other forms on Molar mass 136.315 g/mol
exposure to the atmosphere and a possible explanatiort théh®H ions originating from the Appearance

. . . . white crystalline solid
absorbed water facilitate the rearrangen{grﬁzapld cooling of molten ZnGlgives a glass, that

hygroscopic
is, a rigid amorphous solid and this ability has been relatetle structure in the mef! Odor odorless
The covalent character of the anhydrous material is indétay its relatively low melting point Den_s'ty : 2.907 glen
of 275 °C!®! Further evidence for covalency is provided by the high sititytof the dichloride ~ Melting point 292 °C (558 °F; 565 K)
in ethereal solvents where it forms adducts with the fornzin&l,L,, where L = ligand such as |Boiling point 756 °C (1,393 °F; 1,029 K)
O(C,Hg),. In the gas phase, Znginolecules are linear with a bond length of 205 5. Solubility in water | 4320 g/L (25 °C)
Solubility soluble in ethanol, glycerol and
Molten ZnCl, has a high viscosity at its melting point and a comparatil@lyelectrical acetone
conductivity that increases markedly with temperat¥. A Raman scattering study of the  Solubility in alcohol 4300 g/L
melt indicated the presence of polymeric structdtband a neutron scattering study indicated Structure
the presence of tetrahedral {qulbomplexes[.lo] Coordination Tetrahedral, linear in the gas
geometry phase
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Hydrates

Five hydrates of zinc chloride are known, Zg#,0), wheren=1, 15,25, 3 and¥ The
tetrahydrate ZnG{H,0), crystallizes from aqueous solutions of zinc chloritie.

Preparation and purification
Anhydrous ZnCj can be prepared from zinc and hydrogen chloride.
Zn(s) + 2 HCl— ZnCl, + Hy(

Hydrated forms and aqueous solutions may be readily prdmanglarly by treating Zn metal
with hydrochloric acid. Zinc oxide and zinc sulfide reactwHCl:

ZnS(s) + 2 HCl(aq)~ ZnCl,(aq) + H,S(g)

Unlike many other elements, zinc essentially exists in @mlg oxidation state, 2+, which
simplifies purification of the chloride.

Commercial samples of zinc chloride typically contain wated products from hydrolysis as
impurities. Such samples may be purified by recrystallimatrom hot dioxane . Anhydrous
samples can be purified by sublimation in a stream of hydrajgoride gas, followed by
heating the sublimate to 400 °C in a stream of dry nitrogen lgaslly, the simplest method

relies on treating the zinc chloride with thionyl chlorité!

Reactions

Molten anhydrous ZnGlat 500-700 °C dissolves zinc metal, and, on rapid coolinpefelt,

a yellow diamagnetic glass is formed, which Raman studidis@te contains the Zﬁ ion 11!

. . 2-
A number of salts containing the tetrachlorozincate ariml, , are knowrl”1 "Caulton's
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Hazards

MSDS External MSDS (http://
physchem.ox.ac.uk/MSDS/ZI/
zinc_chloride.html)

EU Index 030-003-00-2

EU classification | HarmfulXn)

Corrosive C)
Dangerous for the environment

(N)

R-phrases R22,R34
S-phrases (S1/2),526.X
560,561
NFPA 704 0
3 0
LD, 350 mg/kg, rat (oral)

Related compounds
Zinc fluoride
Zinc bromide
Zinc iodide

Other anions

Cadmium chloride
Mercury(ll) chloride

Other cations

Except where noted otherwise, data are given for
materials in their standard state (at 25 °C (77 °F),
100 kPa)

X (verify) (what is:v/x?)
Infobox references

reagent," \LCl,(thf)Zn,Clg is an example of a salt containing plé_.[la][l“] The compound CZnCl; contains tetrahedral Znifland cr

anions’ No compounds containing the ng(_tlon have been characterizEd.

Whilst zinc chloride is very soluble in water, solutions nahbe considered to contain simply solvated Zions and CT ions, ZnC|H;0_y,

species are also presé}ﬁ].[lsl[”] Agqueous solutions of ZnGlare acidic: a 6 M aqueous solution has a pH &4 The acidity of aqueous Zng¢l

solutions relative to solutions of other Znsalts is due to the formation of the tetrahedral chloro agquraptexes where the reduction in
coordination number from 6 to 4 further reduces the streafjthe O-H bonds in the solvated water molecuféb.

In alkali solution in the presence of Ohbn various zinc hydroxychloride anions are present intixmh,le.g.ZnOI—glCIZ_, ZnOHZCI;_, ZnOHCé_,

and Zn,OH,Cl;-H,0 (simonkolleite) precipitate’d’!

When ammonia is bubbled through a solution of zinc chlorieehydroxide does not precipitate, instead compounds ioemgecomplexed
ammonia (ammines) are produced, Zn(QJ}€l, - H,O and on concentration ancNHa)z.[zo] The former contains the Zn(l\g)lﬁ2+ ion ! and

the latter is molecular with a distorted tetrahedral geoyr.{é}] The species in aqueous solution have been investigatechamdtbat Zn(NI—&)42+

is the main species present with Zn(§)l§CI+ also present at lower NZn ratio[??

Aqueous zinc chloride reacts with zinc oxide to form an arhors cement that was first investigated in the 1855 by Sten$orel. Sorel later

went on to investigate the related magnesium oxychloridgeers, which bears his nanke!

When hydrated zinc chloride is heated, one obtains a resitidie(OH)CI e.g[.24]

ZnCly 2H,0 — ZnCI(OH) + HCl + H,0

The compound ZnGl%HCI-H,0 may be prepared by careful precipitation from a solutioZr€l, acidified with HCl and it contains a

polymeric anion (ZyCl ), with balancing monohydrated hydronium ionsg%+ ions 1251

The formation of highly reactive anhydrous HCI gas formedwhinc chloride hydrates are heated is the basis of queditaorganic spot tests.

[26]
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The use of zinc chloride as a flux, sometimes in a mixture aittmonium chloride (see also Zinc ammonium chloride), imesithe production
of HCl and its subsequent reaction with surface oxides. Zirioride forms two salts with ammonium chloride, (W&nCl, and (NH,),ClIZnCl,,

which decompose on heating liberating HCI just as zinc atdohydrate does. The action of zinc chloride/ammoniumrididofluxes, for
example, in the hot dip galvanizing process producsgdt and ammonia fuméd]

Cellulose dissolves in agueous solutions of Zydid zinc-cellulose complexes have been detdéféaellulose also dissolves in molten ZnCl
hydrate and carboxylation and acetylation performed orcéti@lose ponmeP.g]

Thus, although many zinc salts have different formulas affdrdnt crystal structures, these salts behave very aityiin aqueous solution. For
example, solutions prepared from any of the polymorphs @IZas well as other halides (bromide, iodide) and the sulfateofien be used

interchangeably for the preparation of other zinc compsutitlistrative is the preparation of zinc carbonate:

ZnCl,(aq) + Na,CO4(aq) — ZnCO4(s) + 2 NaCl(aq)

Applications

As a metallurgical flux

Zinc chloride has the ability to react with metal oxides (M@Yyive derivatives of the formula MZnOQPO]This reaction is relevant to the utility
of ZnCl, solution as a flux for soldering — it dissolves oxide coasigposing the clean metal surfacd.Fluxes with ZnC}, as an active

ingredient are sometimes called "tinner's fluid". Typlg#his flux was prepared by dissolving zinc foil in dilutednpchloric acid until the liquid
ceased to evolve hydrogen; for this reason, such flux was known as "killed spirits". Because of its corrosive natties flux is not suitable for
situations where any residue cannot be cleaned away, swathasonic work. This property also leads to its use in theufacture of magnesia
cements for dental fillings and certain mouthwashes as tweangredient.

In organic synthesis

In the laboratory, zinc chloride (Silzic) finds wide useingipally as a moderate-strength Lewis acid. It can cataly) the Fischer indole
synthesii?l] and also (B) Friedel-Crafts acylation reactions involvatgivated aromatic rinéﬁz]m]

HO.
N \Ir"h Heat I . tBl _CH,COO0H
ooy N G, \. N i’.r\.Cl1 -
H OH O
3% yield

Related to the latter is the classical preparation of thefldygescein from phthalic anhydride and resorcinol, whitkolves a Friedel-Crafts
acylation[.34] This transformation has in fact been accomplished using #we hydrated ZnGlsample shown in the picture above.

HO.
{ <400t
° - COOH
+ 2 T zn0l, O
Fluorescein

Phthalic © .
Resorcinol

anhydride
Hydrochloric acid alone reacts poorly with primary alcaghahd secondary alcohols, but a combination of HCI with Zr{kihown together as the

"Lucas reagent") is effective for the preparation of alkyllazides. Typical reactions are conducted at 130 °C. Tlastien probably proceeds via
an §;2 mechanism with primary alcohols bug, S pathway with secondary alcohols.

conc. HCI

1-butanol 1-chlorobutane
See "Vogel (ref. 8), p557.

Zinc chloride also activates benzylic and allylic halidesards substitution by weak nucleophiles such as alkBRks:

ZnCi, OEt, /©/\’>(CI
/©/\ /L/ CH,CI,, -T8 °C MeO

84% yield
E. Bauml et al., Tetrahedron Letters, 29, 6925 (1988)

In similar fashion, ZnCJ promotes selective NaBJEN reduction of tertiary, allylic or benzylic halides to therresponding hydrocarbons.
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Zinc chloride is also a useful starting reagent for the sgsithof many organozinc reagents, such as those used inltheiypa catalyzed Negishi

coupling with aryl halides or vinyl halidé2®! In such cases the organozinc compound is usually prepargdimmetallation from an
organolithium or a Grignard reagent, for example:

;E‘ Buli OEt  znCy OBt [Pd(dba),).2PPh, OEt Ph
THF, -78°C u ZnCl Ph Z
El = ethyl, 'Bu = ferfiary-butyl, Ph = phenyl, Br. A 66% yieid
dba = dibenzalacetone.

Zinc enolates, prepared from alkali metal enolates and £mCbvide control of stereochemistry in aldol condensat&actions due to chelation

on to the zinc. In the example shown below, theeoproduct was favored over tleythroby a factor of 5:1 when ZnGlin DME/ether was used.

B7I The chelate is more stable when the bulky phenyl group isqmseguatorial rather than pseudo-axial, itereorather tharerythro.

threo formed
chl via ph
DME -ELO Zn Cl
14°C threo product  erythro product threo chelate

DME = 1,2-dimethoxyethane, Ph = phenyl, 83% oftotal  17% of total
Without ZnCIa, the lithium enoclate gives roughly equal amounts of each product.
H. O. House et al., Journal of the American Chemical Society, 95, 3310 (1973).

In textile processing

Concentrated aqueous solutions of zinc chloride (more 84&a weight/weight zinc chloride in water) have the intaregproperty of dissolving
starch, silk, and cellulose. Thus, such solutions cannfittbeed through standard filter papers. Relevant to iséy for these materials, ZnGl

is used as a fireproofing agent and in fabric "refreshermush as Febreze.

Smoke grenades

The zinc chloride smoke mixture ("HC") used in smoke gresammtains zinc oxide and hexachloroethane, which, wheatemjreact to form
zinc chloride smoke, an effective smoke scr&h.

Fingerprint detection
Ninhydrin reacts with amino acids and amines to form a colored comptRabdemann’s purple” (RP). Spraying with a zinc chlorideusiain
forms a 1:1 complex RP:ZnCI(}®),, which is more readily detected as it fluoresces better Bamemann’s purplg’.g]

Disinfectant

[40]

Historically, a dilute aqueous solution of zinc chloridesnuesed as a disinfectant under the name "Burnett's DisinfeEtuid”. "™ It is also used

in some commercial brands of antiseptic mouthwash.

Safety considerations

Zinc chloride is a skin and respiratory irritant accordingts MSDS!*Y Precautions that apply to anhydrous Zp@ie those applicable to other
anhydrous metal halides, i.e. hydrolysis can be exotheamiccontact should be avoided. Concentrated solutionscadie and corrosive, and

specifically attack cellulose and silk as Lewis aditfd.

Zinc chloride fume has occupational exposure limits sethagOccupational Safety and Health Administration and thédwal Institute for
Occupational Safety and Health have both set limits at 1 r%ghar an eight time-weighted average. A short-term expaguiefor exposure is
setat 2 mg/r‘ﬁ[43] An Immediately Dangerous to Life and Health exposure is Bﬁt)ang/rﬁ}.[‘m]
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