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Introduction
Today, the element mercury has a bad reputation with the general 
public for the perceived health risks from coming in contact with it. 
In truth, the health risk is only when the mercury is ingested in the 
form of a vapor, compound or the liquid [1]. In the field of vacuum 
technology, “mercurial” pumps were the first high vacuum pumps 
[2] and were the main subject of the earliest books on vacuum 
technology [3-8]. Since Cecil R. Burch (Metropolitan-Vickers 
Electrical Co., England) introduced low-vapor pressure oils and 
greases (Apiezon™) to the vacuum industry in 1928, [9] mercury has 
been barely mentioned in texts on vacuum technology

Measurement of Pressure Differential (Manometers and 
Barometers)
Vacuum in the form of a siphon was of interest to Hero (Heron) 
of Alexandria who wrote on the subject (circa 50 AD) [10]. The 
engineering use of the siphon established that water could only be 
lifted to a certain height by a siphon (~10 meters). 

A “manometer” is a device to measure the pressure difference 
between two volumes by measuring the height of a liquid 
column sustained by the pressure differential. A “barometer” 
in a manometer that is designed to measure the pressure of the 
ambient atmosphere by having the pool of liquid open to the 
atmosphere. It was probably the latter part of 1641 (p. 20 [11]) 
that Gasparo Berti demonstrated his water barometer (~10 meters 
tall). Evangelista Torricelli, utilizing mercury rather than water, 
probably demonstrated his famous mercury barometer (~1 meter 
tall) instrument in 1644 (p. 30 [11]) not the off-quoted 1643a. The 
Torricelli manometer was made by filling a tube that was closed 
at one end with mercury, closing the open end (usually with a 
finger), and up-ending the tube into a mercury pool – the mercury 
in the tube fell to a level dictated by the ambient pressure leaving 
a “Torricellian vacuum” in the tube above the mercury. Torricelli 
noted that the mercury height would change with time (indicating 
what are now called “Lows” and “Highs” in meteorology)b. The 
vacuum/pressure unit “Torr” (mm Hg) is named after Torricelli.

In 1648 Blaise Pascal, who proposed the experiment (from Paris) 
and Florin Périer (Pascal’s brother-in-law who actually climbed 
the Puy-de-Dôme mountain {1465 meters} with witnesses) were 
the first to show that atmospheric pressure decreased with an 
increased height above the earth’s surface. Florin Périer found that 
the mercury column was 85 mm less in height on the top of the 

mountain (627 mmHg) than at the monastery at the base of the 
mountain (711 mmHg) (~1000 meters altitude difference). 

In 1873 Herbert G. McLeod described a vacuum gauge 
(manometer) that measured the pressure (vacuum) in a volume by 
compressing the gas in the volume by a known amount and then 
measuring the pressure differential by a mercury manometer [12]. 
The McLeod gauge is capable of measuring pressures in the 1 to 10-6 
Torr range and greatly influenced early vacuum technology. Early 
problems with the Mcleod gauge were discussed in Appendix IV 
“Vacuum gauges” (McLeod and spark {glow discharge} gauges)(p. 
32 of [2]).

 “Mercurial” High Vacuum Pumps
After Torricelli demonstrated the mercury manometer, the 
properties of the Torricellian vacuum was studied by many 
academicians including the heat transfer studies of Count Rumford 
(Benjamin Thompson) (1798) [2]. Even after the development of 
the vacuum (syringe-type) pump by von Guericke in ~1647, the 
Torricellian vacuum was considered the most perfect vacuum. Of 
course this “perfect” vacuum was filled with Hg vapor (the vapor 
pressure of mercury at room temperature is ~0.002 Torr) as well as 
vapors from contaminates in the mercury and gases/vapors from 
the glass walls. Page 30 of [2] outlines the mercury purification 
techniques used in the 1880s. 

The first mercurial multi-stroke “air pump” was invented 
by Emanuel Swedenborg in 1722 and described by him in his 
“Miscellanea” [2]. Over the next hundred years, there were 
numerous variations and improvements. Examples are [2]: Baader 
– 1784; Hindenberg (solid piston pressing on the mercury) – 1787; 
Edelcrantz – 1804, and Kemp (double acting {continuous flow} 
pump – similar to the later Fleuss split-cylinder piston pump) – 1830.

In 1855, H. Geisslerc improved on the large-volume compression 
design (first publically mentioned in a pamphlet “Ueber das 
geschichtete elektrische licht” (About the stratified electric light) in 
1858 [2]) and his pump could achieve a vacuum of about 0.1 mTorr. 
August Töpler improved on Geissler’s design in 1862 using a second 
mercury column and his design used one open/close valve (p. 44 
[3]). Improvements on the Geissler-Töpler design continued until at 
least 1881 [2].

In 1865 H. Sprengel reported a valveless vacuum pump that 
allowed production of a “good” vacuum using falling mercury 
drops through a small diameter tube (“fall” or “drop” tube) to act as 
“pistons” to compress the gas [2, 13]. The pumping speed was still 
very low. 

Sprengel’s pump was a version of the “trompe” (or “trombe”) air 
compressor, which had been known in Europe at least since the 
sixteenth century [14]. In a trompe, water falls from a reservoir 
through a pipe. The pipe’s upper end is closed except for a set of 

a It is interesting to note that Otto von Guerkie, who invented the first 
mechanical piston “air pump” (vacuum pump) in about 1647 also made a water 
barometer in 1654. His water barometer had a manikin on a cork floating on 
top of the water. An engraving of this instrument has often been reproduced 
(p. 364 [11]). Von Guerkie was critical of Torricelli’s method when he noticed 
gas bubbles clinging to the walls in the mercury column (p. 5 in Adventures in 
Vacuum, M. J. Sparnaay, Elsevier/North Holland (1992).

bToday most meteorologist use hectopascals (hPa) as the measure of pressure  
(1 hPa = 100 Pa = 0.75006 Torr).
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small-diameter tubes, each of which is open to the air at one end 
and which dips under the water at its other end. As the water falls, it 
entrains air from the tubes. The water carries the air to the bottom 
of the pipe, where the air collects in a reservoir at “high” pressure. 
The trompe was used to produce a constant stream of high-pressure 
air for smelting and metal-working.

 Sprengel connected the chamber to be evacuated to the trompe 
pipe’s upper end and substituted mercury for the water. A “good” 
vacuum was indicated when the mercury column in the small 
diameter tube did not show any air bubbles. The practical vacuum 
limited was about 0.1 mTorr. In some cases the mercury vapor was 
trapped before getting to the vacuum chamberd. The pump could be 
started at atmospheric pressure but it is better started at a reduced 
pressure which could be produced by a Geissler pump.

In 1881, Edison patented an all-mercury combination vacuum 
pump that used a Geissler “roughing” pump, a Sprengel “high 
vacuum”pump, a McLeod manometer vacuum gauge and a Geissler 
(glow-discharge) tube as a vacuum indicator {“spark gauge” p. 
32 [2]} [15]. Böhm [16] also patented a combination Geissler/
Sprengler vacuum pumping system in 1881. Edison used banks of 
the pumps in parallel [15] to evacuate his incandescent lamps up 
to 1896. The mercury-glass pumps required continuous cleaning, 
maintenance, repair and replacemente. This opened up a skilled job 
for women. To quote from {p. 37 [2]}: “A Sprengel pump, for which 
he use to give £10 – £15; the girls thought they were handsomely 
paid at 10s” (£0.5). Figure 1 shows a late-model Sprengel Pump.

In 1896, Edison began using “getter” (“chemical exhaust”) 
pumping patented by A. Malignani (Italy) in 1895 [17]. Malignani 
used vaporized materials to react (chemically and/or by adsorption) 
with the residual air and water vapor. In the production of 
Edison’s incandescent lamps, use of this “chemical exhaust” with 
phosphorous reduced the pump-down time from 30 minutes using 
mercurial pumps to <2 minutes [18,19].

In 1905, Gaede developed the hand-cranked rotating mercury-
filled mechanical high-vacuum pump using impeller vanes 
mounted on a rotating disk that was partially submerged in a 

pool of mercury [20,21]. Leybold (Germany) produced the pump 
beginning in 1907 and it quickly became popular [22]. The vacuum 
pump greatly increased the pumping speed over the Geissler pump. 
The operating range of the pump was from 10 Torr to 0.05 milliTorr 
but did require a “backing” pump (initially a piston pump or water 
aspirator {~20 Torr} pump). 

Shortly thereafter Gaede introduced an oil-sealed rotating pump 
using an eccentrically mounted cylinder with a spring-loaded vane 
that is in common use today. This “box pump” (Kapselpumpe) was 
similar in design to a water pump (‘water-bolt”) by Prince Rupert 
(~1650) and this in turn was similar to a water pump by Ramelli 
from 1588 [23]. This “box-pump” was capable of “rough” vacuum 
and was used as a backing pump for the mercury pump as early as 
1908 as shown in a Leybold 1908 catalog (Fig. 15, p. 54 [22]).

Motor-driven, vane-type vacuum pumps were in common use 
by 1910 with a pumping speed of greater than 100 times that of 
the Geissler pump. The pump often had a chamber charged with 
replaceable P2O5 to absorb water vapor to prevent liquefaction of 
the water vapor under compression, This was later replaced by a 
Gaede’s “ballast valve” design on oil box-pumps in 1935.

Mercury Diffusion (“Vapor Jet”) Pumps
In 1913, Gaede developed a glass mercury vapor jet “diffusion” 
pump [24-26]. It was produced by Leybold but was not popular. In 
Gaede’s pump the gas to be pumped entered into the mercury vapor 
stream through a slit/nozzle (Fig. 21, p. 60 [3]).

In 1916, Irvin Langmuir improved on the Gaede pump 
(Langmuir called his pump a “condensation” pump) by changing 
the injector configuration to direct the mercury jet away from the 

continued on page 46

dPage 36 of ref. [2] (discussions) describes an early all-solid Hg vapor trapping 
technique using iodine then sulfur then silver. Mercury vapor can be trapped 
using “cold traps” (liquification of air - Carl von Linde 1876).

e Professor Thompson recommended cleaning the Sprengel pumps with glacial 
acetic acid (p. 25 [2]).

Ref. [2a] gives an interesting description of the action of the mercury piston. “ In 
the original Sprengel pump the supply vessel was a funnel fixed at the top, from 
which the mercury was delivered at a steady rate through a narrow india-rubber 
tube, nipped by an adjustable pinch-cock. After passing this point it fell in drops 
down a glass tube of narrow bore but having strong external walls more than 
30 inches in length, and known as the fall-tube. As it fell it swept out the air of 
the tube and the air which entered from the side, each drop acting as a piston to 
propel the air below it. To secure this action, it was essential that the fall-tube not 
be too wide. For rapid, partial exhaustions, an internal bore of 2 to 3 millimeters 
appears to be about the right size; for slower exhaustions, carried to the highest 
degree of rarefication, a bore of 1.4 to 1.8 millimeters is preferable. During 
the first stages of the process of exhaustion, whilst yet there is a considerable 
amount of air in the fall-tube, the successive drops of mercury move separately 
down the tube, almost silently, being separated from one another by the 
intervening cushion of air, which as they descend the tube become more and 
more compressed. As higher degree of rarefaction is attained there is no longer a 
sufficient cushion of air; the drops fall smartly though the vacuous space with a 
loud clicking sound as they strike upon the top of the barometric column, which 
occupies the lower 30 inches or so of the fall-tube.” 

Figure 1. The epitome of fall-tube Sprengel pumps was a 9-tube in-parallel automated system patented in 
1885 “Mercurial pump exhausting apparatus,” William Maxwell and Theophilus Vaughn Hughes, USP 361117 
(priority 1885 {England}, published 12 Aug. 1887). Automation of raising the mercury to the supply reservoir 
was by use of a mercury shut-off and atmospheric pressure. 
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nozzle and cooling the pump walls (hence the name “condensation” 
pump) [{p. 58 [3]},27-29]. Langmuir also produced the first 
metal (non-glass) mercury diffusion pump. In 1917 W. Crawford 
improved the Langmuir pump [30] and then developed a multi-
stage pump [31]. In 1922, Gaede developed a highly effective 
4-stage steel mercury pump [32]. Mercury diffusion pumps were 
used in the industrial production of electron tubes into the 1940s 
[33,34] and for other industrial applications into the 1960s with 
pump sizes to at least 32 inches [35]. In 1923 Gaede published a 
paper on the origins and development of the mercury diffusion 
pump and contrasted his design with those of Langmuir and 
Crawford [36]. 

Mercury in Vacuum Valves
In the early 1800s, valves such as glass stopcocks used grease as 
a sealant between the glass surfaces. Their high vapor pressure 
made these materials impractical for high vacuum applications. To 
solve this problem, the contact areas of the valves were surrounded 
externally by a mercury pool/jacket. By the late 1800s designs 
using integral mercury “gaskets” came into use. One such stopcock 
was described by Mr. Eiloart in 1887 (Fig. 40, p. 29 [2]) and used 
mercury-filled circular grooves in the stem portion of a taper-plug, 
straight-through stopcock above and below the passage. Shenstone 
described other valve and trap designs related to mercurial pumps 
in his 1886 book on glass blowing [37], as did Roth in his 1966 book 
on vacuum sealing [38].

Sputtering and Sputter Deposition Using Mercury
In 1942, H. Fetz reported the use of a triode mercury glow 
discharge sputtering system that used a mercury pool as the cathode 
[39]. G. Wehner began his mercury plasma sputtering studies 
at General Mills in the early 1950s and added a grid to separate 
the anode space from the cathode space. Wehner used this Hg 
plasma sputtering arrangement for his seminal sputtering studies 
using Hg ions in the late 1950s and early 1960s [e.g. 40-44]. These 
studies disproved the “hot spot” theory of sputtering and gave the 
“momentum transfer” theory prominence.

The advantage of sputter deposition using mercury ion sputtering 
is that the mercury is not incorporated into the film (unless it 
reacts or alloys with the depositing material) and in 1962, Wehner 
patented the use of low-energy concurrent bombardment with Hg 
ions during PVD deposition to enhance epitaxial growth [45].

 
The Future
Films of HgCdTe are of interest in IR optics and Molecular Beam 
Epitaxy (MBE) is used to deposit the HgCdTe films using mercury 
diffusion pumps [46]. HgTe may be sputter deposited using 
mercury pumps [47]. Elemental mercury is still used in applications 
such as tilt switches and R. Cuthrell (1986) used mercury sputtering 
to clean and texture metal surfaces for Hg-metal contact angle and 
angle-of-repose studies (he also used a mercury diffusion pump for 
vacuum pumping) [48]. There is renewed interest in Hg diffusion 
pumps (backed by Hg liquid ring pumps)f in fusion reactors 
because of the low solubility of hydrogen/tritium in mercury [49]. 
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