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7.1: The Group 14 Elements

The group was once also known as the tetrels (from Greek tetra meaning four), stemming from the earlier naming convention of
this group as Group IVA. Table lists the derivation of the names of the Group 14 elements.

Table 7.1.1: Derivation of the names of each of the Group 14 elements.

Element Symbol Name
Carbon C From the Latin carbo meaning coal
Silicon Si From the Latin silicis meaning flints
Germanium Ge From the Latin Germania for Germany
) From the Anglo-Saxon and from the Latin
Tin Sn . .
stannum meaning melts easily
Lead b From the Anglo.-Saxon, and from the Latin
plumbum meaning soft metal
Discovery
Carbon

Carbon was known in prehistory in the form of soot; while charcoal was made in Roman times (by heating wood while exclude air)
and diamonds were known as early as 2500 BC in China. In 1772, Antoine Lavoisier (Figure 7.1.1) showed that diamonds were a
form of carbon, when he burned samples of carbon and diamond and showed that both formed the same amount of carbon dioxide
per gram of material. Carl Scheele (Figure 7.1.2) showed that graphite was a form of carbon rather a form of lead.

Figure 7.1.1: French chemist and biologist Antoine-Laurent de Lavoisier (1743 — 1794).

Carl Wilh I

Figure 7.1.2: German-Swedish pharmaceutical chemist Carl Wilhelm Scheele (1742 - 1786). Author Isaac Asimov has called him
"hard-luck Scheele" because he made a number of chemical discoveries before others who are generally given the credit.
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A new allotrope of carbon, fullerene, was discovered in 1985 by Robert Curl, Harry Kroto, and Richard Smalley (Figure 7.1.3)
who subsequently shared the Nobel Prize in Chemistry in 1996. Fullerenes have been reveled to include nanostructured forms such
as buckyballs and nanotubes. The renewed interest in new forms lead to the discovery of further exotic allotropes, including glassy
carbon, and the realization that amorphous carbon is not amorphous.

Figure 7.1.3: Rice University chemists Richard E. Smalley (1943 - 2005) and Robert F. Curl (1933 - ).
Silicon
Silicon was first identified by Antoine Lavoisier (Figure 7.1.1) in 1787 as a component of flints, and was later mistaken by

Humphry Davy (Figure 7.1.4) for a compound rather than an element. In 1824, Berzelius (Figure 7.1.5) prepared amorphous
silicon by the reaction of potassium with silicon tetrafluoride, (7.1.1).

SiClL + 4K — Si + 4 KCl (7.1.1)

Figure 7.1.4: British chemist and inventor Sir Humphry Davy FRS (1778 - 1829).
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Figure 7.1.5: Swedish chemist Jons Jacob Berzelius (1779 — 1848).

Germanium

In 1869 Dmitri Mendeleev (Figure 7.1.6) predicted the existence of several unknown elements, including ekasilicon (Es) between
silicon and tin.

Figure 7.1.6: Russian chemist and inventor Dmitri Ivanovich Mendeleev (1834 — 1907).

In 1885 a new mineral (named argyrodite because of its high silver content) was found in a mine near Freiberg, Saxony. Clemens
Winkler (Figure 7.1.7) isolated Mendeleev’s missing element. He originally was going to name neptunium because like this
element, because like ekasilicon, the planet Neptune had been preceded by mathematical prediction of its existence. However, the
name neptunium had already been given to an element and so Winkler named the new metal germanium in honor of his fatherland.
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Figure 7.1.7: German chemist Clemens Alexander Winkler (1838 —1904).

Winkler was able to isolate sufficient germanium from 500 kg of ore to determine a number properties, including an atomic weight
of 72.32 g/mol by analyzing pure germanium tetrachloride (GeCly). Winkler prepared several new compounds of germanium,
including the fluorides, chlorides, sulfides, germanium dioxide, and tetraethylgermane (Ge(CyHs)4). The physical data from these
compounds, corresponded with Mendeleev's predictions (Table 7.1.2).

Table 7.1.2: Properties predicted for ekasilicon compared those determined for germanium.

Property Ekasilicon Germanium
Atomic mass 72 72.59
Density (g/cm®) 5.5 5.35
Melting point (°C) High 947
Color Gray Gray
Oxide type Refractory dioxide Refractory dioxide
Oxide density (g/cm?) 4.7 4.7
Oxide activity Feebly basic Feebly basic
Chloride boiling point (°C) Under 100 86 (GeCly)
Chloride density (g/cm?) 1.9 1.9

Tin

Tin is one of the earliest metals known. When the addition of about 5% tim to molten copper produced an alloy (bronze) that was
easier to work and much harder than copper, it revolutionized civilization. The widespread use of bronze to make tools and
weapons became part of what archaeologists call the Bronze Age. The Bronze Age arrived in Egypt, Mesopotamia and the Indus
Valley culture by around 3000 BC.

Lead

Lead has been commonly used for thousands of years because of its ease of extraction, and its ease of smelting. Lead beads dating
back to 6400 BC have been found in Catalhdyiik in modern-day Turkey, while lead was used during the Bronze Age.

Abundance

Carbon and silicon are amongst the most abundant elements (Table 7.1.3). Silicon is the second most abundant element (after
oxygen) in the Earth’s crust, making up 28% of the crust. Carbon is the fourth most abundant chemical element in the universe after
hydrogen, helium, and oxygen. In combination with oxygen in carbon dioxide, carbon is found in the Earth's atmosphere (in
quantities of approximately 810 gigatonnes) and dissolved in all water bodies (approximately 36,000 gigatons). Around 1,900
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gigatons are present in the biosphere. Hydrocarbons (such as coal, petroleum, and natural gas) contain carbon amounts to around
900 gigatons. Natural diamonds occur in the rock kimberlite, found in ancient volcanic "necks," or "pipes". Most diamond deposits
are in Africa but there are also deposits in Canada, the Russian Arctic, Brazil, and Australia.

Table 7.1.3: Abundance of Group 14 elements.
Element Terrestrial abundance (ppm)

480 (Earth’s crust), 28 (sea water), 350 (atmosphere CO5), 1.6

C
(atmosphere, CHy), 0.25 (atmosphere, CO)
Si 28,000 (Earth’s crust), 2 (sea water)
Ge 2 (Earth’s crust), 1 (soil), 5 x 107 (sea water)
Sn 2 (Earth’s crust), 1 (soil), 4 x 10 (sea water)
Pb 14 (Earth’s crust), 23 (soil), 2 x 106 (sea water)
Isotopes

Table 7.1.4 summarizes the naturally occurring isotopes of the Group 14 elements.

Table 7.1.4: Abundance of the major isotopes of the Group 14 elements.

Isotope Natural abundance (%)
Carbon-12 98.9
Carbon-13 1.1
Carbon-14 trace
Silicon-28 92.23
Silicon-29 4.67
Silicon -30 3.1
Germanium-70 21.23
Germanium-72 27.66
Germanium-73 7.73
Germanium-74 35.94
Germanium-76 7.44
Tin-112 0.97
Tin-114 0.66
Tin-115 0.34
Tin-116 14.54
Tin-117 7.68
Tin-118 24.22
Tin-119 8.59
Tin-120 32.58
Tin-122 4.63
Tin-124 5.79
Lead-204 1.4
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Lead-24.1 24.1
Lead-207 22.1
Lead-208 52.4

Although radioactive, carbon-14 is formed in upper layers of the troposphere and the stratosphere, at altitudes of 9—15 km. Thermal
neutrons produced by cosmic rays collide with the nuclei of nitrogen-14, forming carbon-14 and a proton. Because of its relatively
short half-life of 5730 years, carbon-14 is absent in ancient rocks, but is incorporated in living organisms.

Carbon dating

Carbon dating is a process whereby the age of a material that contains carbon can be determined by comparing the decay rate of
that material with that of living material.

Carbon-14 has a half life (t;5) of 5.73 x 103 years for its decay to nitrogen-14 by the loss of a B particle, (7.1.2).
Ho N4 e (7.1.2)

The rate of radioactive decay can be expressed as a rate constant (k):

In[2 0.693
p—nl2l _ 0693 (7.1.3)
t1/2 t1/2
For carbon-14, using (7.1.3),
0.693 4 1
k=————=1.21x10"" year 7.1.4
5.73x10° Y ( )

In 1947 samples of the Dead Sea Scrolls were analyzed by carbon dating. It was found that the carbon-14 present had an activity of
d/min.g (where d = disintegration); by contrast in living material the activity is 14 d/min.g. Thus,

14 _
In= = (1.21x10 )t (7.1.5)
In1.272 5

= ——" " —20x10%years 7.1.6

1.21x10™* Y ( )

From the measurement performed in 1947 the Dead Sea Scrolls were determined to be 2000 years old giving them a date of 53 BC,
and confirming their authenticity. This discovery is in contrast to the carbon dating results for the Turin Shroud that was supposed
to have wrapped Jesus’ body. Carbon dating has shown that the cloth was made between 1260 and 1390 AD. Thus, the Turin
Shroud is clearly a fake having been made over a thousand years after its supposed manufacture.

Industrial production

Due to the industrial importance of carbon and silicon, as well as the wide range of fullerene materials, the production of these
elements is discussed elsewhere. However, the diamond supply chain is controlled by a limited number of commercial concerns,
the largest of which is DeBeers in London (Figure). Diamonds make up only a very small fraction of ore bearing rock. The ore is
crushed and subsequently the particles are sorted by density. Diamonds are located in the diamond-rich fraction by X-ray
fluorescence, after which the final sorting steps are done by hand.
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Figure 7.1.8: The Charterhouse Street Entrance of the offices of De Beers in London, are the venue for the 10 sights that are held
during the year. Sightholders, both manufacturers (of polished diamonds) and dealers (in rough diamonds), meet in London, once
every 5 weeks, 10 times a year, to inspect their diamond allocations.
Germanium ore concentrates are mostly sulfidic, e.g., as an impurity in zinc blende. They are converted to the oxides by heating
under air (roasting), (7.1.7).

GeSy +3 09 — GeOsy +2 S0, (717)

Part of the germanium ends up in the dust produced during this process, while the rest is converted to germanates which are
leached together with the zinc by sulfuric acid. After neutralisation the germanium and other metals are precipitated (leaving the
Zn®* in solution). Germanium dioxide is obtained as a precipitate and converted with chlorine gas or hydrochloric acid to
germanium tetrachloride,( 7.1.8) (7.1.9), which has a low boiling point and can be purified by distillation.

GeOy +4 HCI — GeCly +2H,0 (7.1.8)
GeO;3 + 2 Cly — GeCl, 04 (7.1.9)

The germanium tetrachloride is hydrolyzed to the give pure oxide (GeO,), which is then converted to germanium glass for the
semiconductor industry, (7.1.10). Germanium used in steel production and other applications that do not require the high purity is
produced by reduction with carbon, (7.1.11).

GeOy +4Hy; — Ge +H-,0 (7110)
GeOs + C 5 Ge + COy (7.1.11)

Tin is mined and subsequently smelted, and its production has changed little. In contrast, lead-rich ores contain less than 10% lead,
but ores containing as little as 3% lead can be economically exploited. Ores are crushed and concentrated to 70%. Sulfide ores are
roasted, producing lead oxide and a mixture of sulfates and silicates of lead. Lead oxide from the roasting process is reduced in a
coke-fired blast furnace. This converts most of the lead to its metallic form. Metallic lead that results from the roasting and blast
furnace processes still contains significant contaminants of arsenic, antimony, bismuth, zinc, copper, silver, and gold. The melt is
treated in a reverberatory furnace (Figure 7.1.9) with air, steam, and sulfur, which oxidizes the contaminants except silver, gold,
and bismuth.

Charge chute
through which ore
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Slag tap—l
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Figure 7.1.9: Schematic of a reverberatory furnace.

Physical properties
Table 7.1.5 provides a summary of the physical properties of the Group 14 elements.
Table 7.1.5: Selected physical properties of the Group 14 elements.
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Element Mp (°C) Bp (°C) Density (g/cm?)
2.267 (graphite), 3.515

C 642 (sublimes) (diamond), 1.8 - 2.1
(amorphous)

Si 1414 3265 2.3290

Ge 938 2833 5.323

Sn 232 2602 7.365 (white), 5.769 (gray)

Pb 327 1749 11.34

Cubic structure

The elements carbon through tin (in its o form) all exist in diamond cubic structure (Figure 7.1.10h), while lead crystallizes in a
cubic close packed structure (Figure 7.1.1(b). As expected the lattice parameter (a) increases with increased atomic radius (Table
7.1.6). The switch from diamond cubic to close packed cubic may be rationalized by the relative atomic sizes. The diamond cubic
structure comprises of two interpenetrating cubic close packed lattices. As the atomic size increases large interstitial vacancies
would result, resulting in an unfavorable low-density structure.

(a) (b)

Figure 7.1.10: Unit cell structure of (a) the diamond cubic lattice showing the two interpenetrating face-centered cubic lattices, and
(b) the cell of cubic close packed structure for comparison.

Table 7.1.6: Lattice parameter and crystal density for Group 14 elements.

Element Structure a(d) Atomic radius (A)
C diamond cubic 3.566 0.70
Si diamond cubic 5.431 1.10
Ge diamond cubic 5.657 1.25
o-Sn (gray) diamond cubic 6.489 1.45
Pb cubic close packed 4.951 1.80

This page titled 7.1: The Group 14 Elements is shared under a CC BY 3.0 license and was authored, remixed, and/or curated by Andrew R.
Barron (CNX) via source content that was edited to the style and standards of the LibreTexts platform.

https://chem.libretexts.org/@go/page/212651


https://libretexts.org/
https://creativecommons.org/licenses/by/3.0/
https://chem.libretexts.org/@go/page/212651?pdf
https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Chemistry_of_the_Main_Group_Elements_(Barron)/07%3A_Group_14/7.01%3A_The_Group_14_Elements
https://creativecommons.org/licenses/by/3.0
http://barron.rice.edu/Barron.html#arb
https://cnx.org/contents/9G6Gee4A@25.9:HUxicYBD@1/Preface-to-the-Chemistry-of-the-Main-Group-Elements
https://cnx.org/contents/9G6Gee4A@25.9:HUxicYBD@1/Preface-to-the-Chemistry-of-the-Main-Group-Elements

