
................ 
...•••..• 

.... ,.. SSCL-494 
' . . : ...... 

Superconducting Super Collider Laboratory 

.... ' 

j ---}-" 
..... " ... , ........ /", ...... f 

................. , ........ . 

Tetramethyl Silane (TMS) 
Physical Properties and Safety 

Considerations for Use as a 
Calorimeter Fluid 

J. Lawler 

July 1991 





Tetramethyl Silane (TMS) 
Physical Properties and Safety Considerations 

For Use as a Calorimeter Fluid 

J. Lawler 

Physics Research Division 
Superconducting Super Collider Laboratoryt 

2550 Becldeymeade Ave. 
Dallas, TX 75237 

July 1991 

SSCL-494 

tOpenUed by the Universities Research Association, Inc., for the U.S. Department of Energy under 
Contract No. DE-AC35-89ER40486. 





CONTENTS 

1.0 IN1RODUCI10N ............................................................................... 1 

2.0 GENERAL DESCRIP110N .................................................................... 1 

3.0 PHYSICAL PROPERTIES OF TMS .......................................................... 1 

4.0 FIRE AND EXPI.A)SION DATA .............................................................. 2 

5.0 REACTIVTIY .................................................................................... 2 

6.0 HEALTH HAZARDS ........................................................................... 2 

7.0 IN CASE OF SPILL ............................................................................. 2 

8.0 SPECIAL STORAGE AND HANDLING REQUIREMENfS ........................... .3 

9.0 SPECIAL CONSIDERATIONS FOR DETECTORS ....................................... 3 

10.0 INDUCED RADIOACTIVTIY ................................................................. 3 

11.0 SUMMARY AND RECOMMENDATIONS ................................................. 4 

REFERENCES ................................................................................... 5 

APPENDIX: A LITERATURE SEARCH OF TETRAMETHYL SILANE (TMS) .... 6 

iii 





1.0 INTRODUCTION 
Tetramethyl Silane, or TMS, has been proposed as a detector worldng fluid for the forward calorimeters 

of possible detectors at the Superconducting Super Collider (SSC). It has the empirical fonnula C 4 H 12 Si 
and the structure: 

TMS 

There is a considerable body of infonnation and misinformation available about this compound. This 
report is intended to gather the safety-related infonnation into one place and to point out and eliminate 
misconceptions encountered. 

2.0 GENERAL DESCRIPTION 
TMS is a volatile, flammable liquid at room temperature. It has no reported toxicity, but because of its 

high vapor pressure and quick evaporation, it causes cooling and damage by freezing of skin or of any part 
of the body that comes into contact with spilled liquid; it is particularly hazardous to the eyes. Thus it 
requires special handing precautions. Its properties are similar to diethyl-ether, which has been handled in 
hospitals and in the chemical process industry for years; thus methods for handling it exist It does require 
special precautions, but it is not a pyrophoric material as was reported in one place, nor does it have any 
reported special toxic properties that would preclude its use. The toxology is incomplete, and more work 
probably should be developed in this area. It has been used in Nuclear Magnetic Resonance (NMR) work as 
a standard for many years in millions of samples run by undergraduate university students, so it is not 
expected to cause any major problems with human contact 

3.0 PHYSICAL PROPERTIES OF TMS 
A comprehensive DIALNET survey with 419 references was conducted. What follows is an abstract of 

those and other results, eliminating chemical reactions and redundant references. 

CHEMICAL ABSTRACTS REGISTRY NUMBER 75763 
CAS RN 75-76-3,62804-39-1,67921-37-3 
LAWSON NUMBER 3777 3793 

Molecular weight 88.22 (CRC HANDBOOK OF CHEMISTRY & PHYSICS) 
Boiling Point: 26.5°C (CRC), 26.6°C (Helibron act Si-00257) 

Melting Point: -102.2°C (CRC), or also listed, probably correctly, as OimOlphous solid: 

-102.2°C and -99. 1°C (Heilbron act. Si-00257) 

Density: 0.648 glee at 200C (CRC et al.) 

Refractive Index: 1.3578 at 20°C (CRC) 
Solubility: insoluble in water, soluble in alcohol and ether (CRC) 
Oear, water White, colorless, odorless, volatile liquid 
Identification number: UN2749 
IMO Oass: 3.1 
CAS Registry: 75-76-3 



Heat of Combustion calculated for the reaction: Si(CH3)4 + 8~ = Si02 + 4C02 + 6H20 
-26 0 -205 -94.05 -68.32 

965 Kca1/mole or 29.54 MJIl (S.W.Benson et al., Chem Rev. 69, 314 (1969» 

DOT (DeparlIllent of Transponation) CLASS: Flammable Liquid 

4.0 FIRE AND EXPLOSION DATA 
MSDS Fire and Explosion Hazards Data 

Hash Point: ><l°C (Helibron) 

(Norell MSD sheet -18°C) 

(Mallincrodt MSD Sheet -27°C) 

Extinguishing media: CO2, dry chemical, or foam (nitrogen was not included, but it is also probably 
satisfactory). 

Explosion: above the flash point vapor-air mixtures are explosive within flammable limits (Mallincrodt). 

In case of fire: wear full protective clothing and approved self-contained breathing apparatus with full 
facepiece and pressure-on-<lemand or other positive mode. 

Autoignition temp in air: 4500C (843<>P); spontaneous decomposition: 4500C (Ref. 2). 

5.0 REACTIVITY 
Stability: Stable under ordinary conditions. 
Hazardous decomposition products: none (decomposes to silicon dioxide, C02' and H20). 

Polymerization: will not occur. 

Incompatibilities: strong acids, strong bases, heat, strong oxidizing agents. 

6.0 HEAL TH HAZARDS 
Threshold Limit Value (TLV): none reported, but neopentane, the carbon analog, has 130,000 ppm 

TXDO 1 hour man. 

Effects of overexposure: none reported, but based upon neopentane: headaches, tremors, drowsiness, 
hypnosis and anesthesia expected. 

CONTACT LENSES SHOUW NOT BE WORN. 
In case of contact with eyes: immediately flush eyes with plenty of water for at least 15 minutes, call 

physician. 
In case of contact with skin: flush with plenty of water for at least 15 minutes. 
If inhaled: remove to fresh air; if not breathing, give artificial respiration; if breathing is difficult, give 

oxygen. 

If swallowed: call physician immediately. Suggest stomach pump, avoid regurgitation. (Note: Norell 
MSDS gloves desirable but not required). 

7.0 IN CASE OF SPILL 
Ventilate. Allow evaporation with adequate ventilation. 

Remove all sources of ignition. 
Oean-up: personnel require protective clothing and respiratory precautions. 
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For protection from vapors, use boots, gloves, lab coat, apron, or coveralls. Use chemical safety 
goggles to protect eyes. CONTACT LENSES SHOULD NOT BE WORN. 

Contain and recover liquid where possible. Collect all hazardous wastes and atomize in a suitable RCRA
approved combustion chamber, or adsorb with venniculite, dry sand, earth, or similar material for disposal 
as hazardous waste in an RCRA-approved facility. DO NOT FLUSH TO SEWER! 

8.0 SPECIAL STORAGE AND HANDLING REQUIREMENTS 
May be shipped in 55-gal drums with special 2Q..ga thickness requirements to handle the vapor pressure; 

should be kept cool in shade below 120°F; avoid direct sunlight in summer. 

9.0 SPECIAL CONSIDERATIONS FOR DETECTORS 
Generally, TMS in particle detectors will tolerate less than 10 ppb oxygen level and thus must be 

specially processed in a purification plant and sealed against air. This level of control would usually 
preclude human contact and spills, except for transfer of impure material and for violent breach-of
containment accidents. 

Because of the very low boiling point, the TMS probably will require refrigeration in the detector usage. 
Because of the flammable nature of TMS and its intolerance for oxygen, nitrogen blanketing is strongly 
suggested. 

The unwanted presence ofTMS vapor in air can easily be monitored by IR-type detectors. Transfer of 
the impure TMS to a purification plant might result in spills, and thus the detectors are suggested. The 
presence of TMS in the detector hall would indicate that something is drastically wrong, and these sensitive 
monitors should be able to spot trouble before it gets out of control. Remove ignition sources upon 
detection of traces in air. 

10.0 INDUCED RADIOACTIVITY 
There are also special considerations because of possible induced radioactive elements in TMS. The 

proton spallation process is known to create sodium-22 (Na-22 has a 2.605 yr half-life) and beryllium-7 
(Be-7 has a 53.29 day half-life), as well as other isotopes when interacting with silicon. The other proposed 
detector materials generally are pure hydrocarbons; thus the interactions are restricted to those of hydrogen 
and carbon. These add tritium (H-3 with a 12.26 yr half-life) and Be-7 from C to the inventory as well. 
TMS has all the products from H and C, plus the added ones for Si. Neutrons also will be present, and will 
cause neutron activation, but to a lesser degree than the proton spallation process. 

From Ref l-LA-UR-91-999, based upon the highest possible activation levels at the worst case near the 
beam tube, we expect H-3, Be-8, B-12, B-13, Mg-27, Mg-28, AI-26, AI-28*, AI-29, AI-30, Si-27, and Si-
31 to be significant, with AI-28 at 7 x 10-5 Ci being greatest. The rest vary downward to a selected cutoff 
on reporting to 10-9 Ci peak accumulation after a half-year's continuous running. Note that both Na-22 and 
Be-7 were absent from this report, and must be added to the calculation. 

After one hour's downtime for cooling, only H-3, Mg-27, Mg-28, AI-2S, and Si-31* persist, with Si-31 
being the highest reported at 2 x 10-6 Ci remaining. (Remember the exclusion of the two isotopes above 
which are significant according to verbal reports of measurement from Fennilab and CERN, and Na-22 data 
obtained from the USSR.) 

Because of the highly directional nature of the process, the induced radiation in the direction of the 
forward detector is much greater along the beam tube than further out (5°), and thus the degree of activation 

varies by a factor of about 1000, from low angles calculated above ofless than 1° to higher angles of about 

5°. The levels expected further out are such that the TMS activation will probably never be a problem, 
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staying below NRC/DOE radiation hazardous values even with a half-year's operation. Running this length 
of time without processing is not possible, because the TMS would become inoperable after about 3 to 4 
months due to buildup of radiolysis chemical decomposition products. Near the beam roughly a 
thousandfold more radioisotopes are created, which would be mixed back from this relatively small volume 
into the bulk fluid. Thus the overall level would never reach the highest calculated level reported above, and 
the total level is a complex three-dimensional process. This has not yet been attempted; the above is a one
dimensional point model, and the real levels require a more precise calculation based upon the real three
dimensional geometry. In operation this realistically will require continual measurement 

The high luminosity at SSC and its attendant production of radioisotopes and decomposition products 
will cause roughly a thousandfold more contaminants and a thousandfold increase in induced radioactivity 
compared to CERN or Fennilab experience. Thus we must ensure that isotopes do not reach a level where 
we would have a "mixed waste," which is legally impennissible for us to handle. We cannot store it, 
process it, or ship it, so avoidance of the whole problem by never creating a mixed hazardous liquid with 
radioactive levels above NRCIOOE reportable levels is the only solution to the potential problem. 

The TMS will require periodic cleaning to remove impurities, such as leaked oxygen from diffusion, and 
radiolysis products such as methane and hydrogen in any case. While this is going on, the radioactive 
products also can be trapped, probably adsorbed into a molecular sieve. Ion exchange resins may be classed 
as liquids, and thus they should probably be avoided as potentially becoming "mixed wastes" for the same 
reasons that creating mixed wastes is avoided for the TMS. These trapped isotopes then can be handled and 
shipped as a solid low-level radioactive waste after the isotopes have been removed to keep the TMS below 
radioactive-waste levels. 

There will also be radiation-induced chemical damage, producing hydrogen, methane, and miscellaneous 
dimers of TMS. These radiolysis products also must not be allowed to build up, and they probably will 
require processing for removal roughly every 30 to 60 days. This timing depends a great deal upon specific 
configuration selection, the mixing of the near and far fluids, and other extrapolated factors which have not 
yet been detennined, including some that have not been measured under the luminosity we expect. But the 
general trend in the order of magnitude of the buildup is clear, and the buildup and processing of intolerable 
impurity levels have been sufficiently estimated for the L· detector to give us confidence that this potential 
problem can be quantified and kept under control. 

11.0 SUMMARY AND RECOMMENDATIONS 
TMS will require special purification systems, some special precautions, and special handling, but no 

more than, for example, ether. There is nothing known at this time that would preclude its use. The physics 
advantages and disadvantages, the economics, and safety considerations should be weighed and compared 
with other options. 

There is missing TOXICITY data which should be measured, and we should also determine by 
experimental measurement the explosive limits in confined spaces. These have been deduced by tre 
similarity of TMS to other compounds, and we have reasonable confidence in these predictions. But the 
potential risk is such that we should not depend solely on similarity before committing to major investment 
in a TMS detector. 
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APPENDIX 

A Uterature Search of Tetramethyl Silane (fMS) 
(including production, physical properties, and chemical reactions with 1MS) 

1696908 tetramethyl-silane Gennan Chem. Name: Tetramethyl-silan CAS RN: 75-76-3, 
62804-39-1,67921-37-3 Lawson No: 3777 3793 

Beilstein Cit: 5-04; 0-04-00-00625; 1-04-00-00579; 3-04-0001843; 
4-04-00-03875 Molecular Fotmula: C4HI2Si Molecular Wt: 88.22 No. Ref: 419 Data 

Present: 
Data Ref 
+Ref Only UDF Data Type 
9 2 PR Preparative Data 
57 48 CR Chemical Reactions 
78 137 PP Physical Properties 
15 KW Short File Keywords 

Preparative Data 
Preparation Statting Material: SiCI4, methyl magnesium bromide (Ref. 1, handbook), (Ref. 2, 
handbook) 
Preparation Starting Material: silicium, CH31 (Ref. 3, handbook) 
Preparation Starting Material: CH3+MgBr, SiC14 

Reagent: diethyl ether (Ref. 4, handbook) 
Preparation Starting Material: zinc dimethyl, silicium tetrachloride 

Temp: 200 C (Ref. 5, handbook) 
Preparation Starting Material: BN=1718732, methane, SiC14 

Reagent: NH4fe(S04)2-coal 
Temp: 1030 C (Ref. 6, handbook) 

Preparation Starting Material: BN=1422225, tetraethyl silicate, methyl magnesium bromide 
By-product: hexamethyl-disiloxane (Ref. 7, handbook) 

Preparation Starting Material: BN= 1209232, chloro-Uimethyl-silane 
Other Conditions: und das aus Dimethylsulfat und Magnesium in THF ethaltenes Reaktionsprodukt 
(Ret 8,handbook) 
Preparation Starting Material: BN=1209232, chloro-trimethyl-silane, methyl magnesium bromide 

Reagent: dibutyl ether (Ref. 9, handbook) 
Preparation Starting Material: BN=605287, dichloro-dimethyl-silane, CH3CI 

Reagent: aluminium 
Temp: 350 - 400 C (Ref. 10, handbook) 

Preparation (Ref. 11), (Ref. 12), (Ref. 13), (Ref. 14), (Ref. 15), (Ref. 16), (Ref. 17), (Ref. 18), 
(Ref. 19), (Ref. 20), (Ref. 21), (Ref. 22), (Ref. 23), (Ref. 24), (Ref. 25), (Ref. 26), (Ref. 27), 
(Ref. 28) 

Purification Method 
Purification Method: (Ref. 29) Confotmation 

Confotmation (Ref. 30) Skeletal Characteristics 
Electron distribution (Ref. 31), (Ref. 32) 

Interatomic distances and angles (Ref. 33, handbook), (Ref. 34, handbook) 
Interatomic distances and angles (Ref. 30), (Ref. 35), (Ref. 36), (Ref. 37), (Ref. 38) 
Interatomic distances and angles (Comment: Durch Elektronenbeugung etmittelter 
Atomabstand C-Si in gasfoetmigem Tetramethylsilan: 1.93 Angstroem.) (Ref. 33, 
handbook) 
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Interatomic distances and angles (Comment: Durch Elektronenbeugung ennittelter 
Atomabstand C-Si in gasfoennigem TetramethylsUan: 1.89 Angstroem.) (Ref. 34, 
handbook) 

Interatomic distances and angles (Comment: Atomabstand C-H: 1. 10 Angstroem; Valenzwinkel Si
C-H: 110grad.) (Ref. 34, handbook) 
Electrical Polarizability 

Electrical Polarization 
Electron polarization (Ref. 39) 

Coupling Phenomena 
Coupling Constants 
Spin-Spin Coupling constants (Ref. 40), (Ref. 41), (Ref. 42), (Ref. 43), (Ref. 44), (Ref. 
45), (Ref. 46), (Ref. 47), (Ref. 48), (Ref. 49), (Ref. 50), (Ref. 51), (Ref. 52), (Ref. 53), 
(Ref. 54), (Ref. 55), (Ref. 56), (Ref. 57), (Ref. 58), (Ref. 59), (Ref. 60), (Ref. 61), (Ref. 
62) 

Molecular Defonnation & Potential 
Molecular Defonnation 

Fundamental vibrations (Ref. 63, handbook), (Ref. 64, handbook), (Ref. 65, handbook) 
Fundamental vibrations (Ref. 30), (Ref. 66) 

Fundamental vibrations (Ref. 63, handbook), (Ref. 64, handbook), (Ref. 65, handbook) 
Force constants (Ref. 63, handbook), (Ref. 67, handbook) 
Force constants (Ref. 68), (Ref. 69), (Ref. 70), (Ref. 71) 
Force constants (Ref. 63, handbook), (Ref. 67, handbook) 
Energy Barrier: (Comment: Potentialschwelle der freien Drehbarlceit der Methyl-Gruppen: 1.3 
kcallMol.) (Ref. 72, handbook), (Ref. 73, handbook) 

Energy Barrier: (Ref. 74) 
Energy Barrier: (Ref. 75) 
Energy Barrier: (Ref. 76) 
Energy Barrier: (Ref. 77) 
Energy Barrier: (Ref. 78) 
Energy Barrier: (Ref. 79) 
Energy Barrier: (Comment: Potentialschwelle der freien Drehbarlc.eit der Methyl-Gruppen: 1.3 

kcallMol.) (Ref. 72, handbook), (Ref. 73, handbook) 
Molecular Energy Parameters 
Molecular Energy 
Bond energy (Ref. 80, handbook) 
Bond energy (Ref. 81), (Ref. 82), (Ref. 83), (Ref. 84), (Ref. 85) 
Bond energy (Comment: der Si-C Bindung. 72 kcal-molE-1.) (Ref. 80, handbook) 

Dissociation Energy: (Ref. 86) Dissociation Energy: (Ref. 87) Dissociation Energy: (Ref. 88) 
Dissociation Energy: (Ref. 89) Ionization Potential: (Ref. 90) Ionization Potential: (Ref. 91 ) 
Ionization Potential: (Ref. 92) Ionization Potential: (Ref. 93) Ionization Potential: (Ref. 88) 
Crystals 
Melting Point: -102.1 C; (Comment: metastabile alphaModifikation .) (Ref. 94, handbook) 

Melting Point: -100.15 C; (Ref. 95) Melting Point: -99 C; (Comment: stabile beta -Modifikation) 
(Ref. 94 . handbook) 
Melting Point: -91.1 C; (Ref. 96) 
Melting Point: (Ref. 97) 
Melting Point: (Ref. 98) 
Melting Point: (Ref. 99) 
Crystal Phase 
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Polymorphism (Ref. 100, handbook) 
Polymorphism (Ref. 97) 

Polymorphism (Comment: Krystallines Tetramethylsilan existiert in einer stabilen beta -
Modifikation und einer metastabilen alpha -Modifikation.) (Ref. 100, handbook) Transition 

Point Crystalline Modificat: (Comment: Transition point (1) at: (_1090 C. alpha-Modifikation 
in die beta -Modifikation; theoretische Umwandlungspunkt: -74grad.) (Ref. 94, handbook) 
Liquids Boiling Point: 23-26 C; Pressure: 760 Torr; (Ref. 16) Boiling Point: 26 C; Pressure: 
760 Torr; (Ref. 11) Boiling Point: 26 C; Pressure: 760 Torr; (Ref. 101) Boiling Point: 26 C; 
Pressure: 760 Torr; (Ref. 23) Boiling Point: 26 C; Pressure: 760 Torr; (Ref. 20) Boiling 
Point: 26-27 C; Pressure: 761.4 Torr; (Ref. 4, handbook) Boiling Point: 26-27 C; Pressure: 
760 Torr; (Ref. 17) Boiling Point: 26-27 C; Pressure: 760 Torr; (Ref. 21) Boiling Point: 26-
27 C; Pressure: 761.4 Torr; (Ref. 4, handbook) Boiling Point: 26.5 C; Pressure: 760 Torr; 
(Ref. 29) Boiling Point: 26.5 C; Pressure: 760 Torr; (Ref. 102) Boiling Point: 26.5-27 C; 
Pressure: 760 Torr; (Ref. 15) Boiling Point: 26.54 C; Pressure: 760 Torr; (Ref. 100, 
handbook) Boiling Point: 26.6 C; Pressure: 760 Torr; (Ref. 103) Boiling Point: 30-31 C; 
Pressure: 760 Torr; (Ref. 5, handbook) Boiling Point - 5 C; Pressure: 200 Torr; (Ref. 12) 
Radial distribution function (Ref. 30) Gases Critical Temp: (Ref. 104) Critical Temp: (Ref. 
t05) Critical Pressure: (Ref. 104) Critical Pressure: (Ref. 105) Critical Density: (Ref. 106) 
Critical Volume: (Ref. 105) Vapor Pressure: 6.2-588.5 Torr; Temp: -64.2-19.5 C; (Ref. 73, 
handbook), (Ref. 107, handbook) Vapor Pressure: (Ref. 108) Vapor Pressure: (Ref. 104) 
Vapor Pressure: (Ref. 105) Vapor Pressure: (Ref. 1(9) Other Physical & Mechanical 
Properties Density: 0.6373 g/cm-3; Measurement Temp: 25 C; (Ref. 110) Density: 0.642 
g/cm-3; Ref Temp: 4 C; Measurement Temp: 20 C; (Ref. 1 6) 
Density: 0.645 g/cm-3; Ref Temp: 4 C; Measurement Temp: 20 C; (Ref. 1 02) 
Density: 0.6462 g/cm-3; Ref Temp: 4 C; Measurement Temp: 20 C; (Ref. 1 5) 
Density: 0.648 g/cm-3; Ref Temp: 4 C; Measurement Temp: 18.7 C; (Ref. 4, handbook) 
Density: 0.6482 g/cm-3; Ref Temp: 4 C; Measurement Temp: 20 C; (Ref.23) 
Density: 0.6495 g/cm-3; Ref Temp: 4 C; Measurement Temp: 10 C; (Ref. 111, handbook) 
Density: 0.651 g/cm-*3; Ref Temp: 4 C; Measurement Temp: 15 C; (Ref. 4, handbook) 
Density: 0.6674 g/cm-3; Measurement Temp: 0 C; (Ref. 4, handbook) 
Density: 0.6698 g/cm-3; Ref Temp: 4 C; Measurement Temp: 20 C; (Ref. 1 7) 
Molar Volume: (Ref. 112) 
Mechanical Properties Virial coefficients of the equation of state (Ref. 74), (Ref. 75), (Ref. 

113) 
Surface Tension: 12.85 g/sec-2; Temp: 20 C; (Ref. 114, handbook) Self-Diffusion & Thennal 

Conductivity 
Self-diffusion: (Ref. 115) 
Self -diffusion: (Ref. 116) 
Self-diffusion: (Ref. 117) 
Self-diffusion: (Ref. 112) Calorific Data 
Enthalpy of Melting: 5973.7 Jlmol; (Ref. 94, handbook) 
Enthalpy of Melting: 6899.8 Jlmol; (Ref. 94, handbook) 
Enthalpy of Melting: ( Ref. 97) 

Calorific Data Entropy of melting (Ref. 97) Enthalpy (Ref. 118), (Ref. 119) 
Enthalpy of Vaporization: 26167 Jlmol; (Comment: enthalpy ofvaporization:beim 
Siedepunkt.) (Ref. 120, handbook) 
Enthalpy of Vaporization: (Ref. 73, handbook) 

Refractive Index: 1.3587; Wavelength: 589 nm; Temp: 20 C; (Ref. 1 29, handbook) 
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Refractive Index: 1.3588; Wavelength: 589 run; Temp: 20 C; (Ref. 1 30, handbook) 
Refractive Index: 1.359; Wavelength: 589 run; Temp: 20 C; (Ref. 17) 
Refractive Index: 1.3591; Wavelength: 589 run; Temp: 18.7 C; (Ref. handbook) 
Refractive Index: 1.3595; Wavelength: 589 run; Temp: 20 C; (Ref. 23) 
Refractive Index: 1.3605; Wavelength: 546.1 run; Temp: 20 C; (Ref. 1 30, handbook) 
Refractive Index: 1.3645; Wavelength: 486.1 run; Temp: 18.7 C; (Ref. handbook) 
Refractive Index: 1.3648; Wavelength: 589 run; Temp: 10 C; (Ref. 111, handbook.) 
Refractive Index: 1.3681; Wavelength: 435.8 run; Temp: 20 C; (Ref. 1 30, handbook) 
Refractive Index: 1.3689; Wavelength: 434 run; Temp: 18.7 C; (Ref. handbook) 

Magnetic birefringence (Cotton-Mouton Effect) (Ref. 131 ) 
Electric birefringence (Kerr Effect) (Ref. 131) 
Rayleigh scattering (Ref. 132) 

Degree of depolarization of Rayleigh scatt. (Ref. 133) Spectra Data NMR Spectrum 
(Ref. 41) 
(Ref. 134) 
(Ref. 135) 

NMR Absorption Nucleus: IH; (Ref. 136, handbook) Nucleus: 13C; (Ref. 137, handbook) 
Nucleus: 29Si; (Ref. 138, handbook) (Ref. 139) (Ref. 140) (Ref. 141) 

Heat Capacity 
cp: 2.22-137.33 J/(mol-deg); Temp: -262.1--103.1 C; (Ref. 94, handbook) 
cp: 154.91 J/(mol-deg); Temp: -105.5 C; (Ref. 94, handbook) 
cp: 164.54-198.04 J/(mol-deg); Temp: -93.1-16.9 C; (Ref. 73, handbook) 
cp: 199.29 J/(mol-deg); Temp: -103.9 C; (Ref. 94, handbook) 
cp: (Ref. 97) 
cp: (Ref. 121 ) 

Entropy & Enthalpy 
Entropy Delta S: (Comment: des Gases bei Siedepunkt) (Ref. 73, handbook) 
Entropy Delta S: (Ref. 118) 
Entropy Delta S: (Comment: des Gases bei Siedepunkt) (Ref. 73, handbook) 
Enthalpy of Fonnation: -138160 J/mol; (Comment: Standard.) (Ref. 122, handbook) 
Enthalpy of Fonnation: (Ref. 123) 
Enthalpy of Fonnation: (Ref. 124) 
Enthalpy ofFonnation: (Ref. 125) 
Enthalpy of Fonnation: (Ref. 82) 
Enthalpy of Fonnation: (Ref. 126) 
Enthalpy of Combustion: -3851900 J/mol; (Comment: Standard.) 
(Ref. 120, handbook), (Ref. 127, handbook) 
Enthalpy of Combustion: (Ref. 83) 

Optical Properties 
Refractive Index: 1.343; Wavelength: 589 run; Temp: 20 C; (Ref. 15) 
Refractive Index: 1.3478; Wavelength: 589 run; Temp: 20 C; (Ref. 1 02) 
Refractive Index: 1.3515; Wavelength: 589 run; Temp: 30 C; (Ref. 1 28) 
Refractive Index: 1.3569; Wavelength: 656.3 run; Temp: 18.7 C; (Ref. handbook) 
Refractive Index: 1.3575; Wavelength: 589 run; Temp: 20 C; (Ref. 1 6) 
Refractive Index: 1.3587; Wavelength: 589 run; Temp: 20 C; (Ref. 1 29, handbook) 
Refractive Index: 1.3587; Wavelength: 589 run; Temp: 20 C; (Ref. 27) 
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(Ref. 142) (Ref. 143) (Ref. 144) (Ref. 145) (Ref. 146) (Ref. 48) (Ref. 49) (Ref. 147) (Ref. 148) 
(Ref. 149) 

NMRData 
Spin-lattice relaxation time Tl (Ref. 46), (Ref. 150), (Ref. 151) INDOR (Ref. 148) NOE (Ref. 

152), (Ref. 153) 
ESR Data g-Factor (Ref. 154) Vibrational Spectra IR Spectrum Wavenumber: 5000-625 

em-I; Solvent: CCI4; (Ref. ISS, handbook) 
Wavenumber: 5000 - 1000 em-I; Solvent: CCI4; (Ref. 156, handbook) 
Wavenumber: 5000 - 625 em-I; Solvent: CCI4; (Ref. ISS, handbook) 
Wavenumber: 5000 - 1000 em-I; Solvent: CCI4; (Ref. 156, handbook) 
Wavenumber: 1400 -700 em-I; Solvent: neat (no solvent); (Comment: 
fester,tluessiger,gasfoenniger.) (Ref. 157, handbook) 
Wavenumber: 3400 - 600 em-I; Solvent: neat (no solvent); (Comment: gasfoenniger.) (Ref. 65, 
handbook) 
Wavenumber: 5000 - 625 em--l; Solvent: neat (no solvent); (Comment: gasfoenniger.) (Ref. 158, 
handbook) 
Wavenumber: 3333 - 667 cm--I; (Comment: des Gases.) (Ref. I 59, handbook), (Ref. 160, 
handbook) Wavenumber: 10000 - 667 cm--l; (Comment: des Gases.) (Ref. 100, handbook) 
IRBands 
(Ref. 161) (Ref. 162) (Ref. 163) 

Vibrational Spectrum Intensity ofIR bands (Ref. 164) 
Raman-spectrum: (Ref. 160, handbook), (Ref. 165, handbook), (Ref. 166, handbook), 
(Ref. 167, handbook) (Ref. 168) (Ref. 169) (Ref. 160, handbook), (Ref. 165, handbook), 
(Ref. 166, handbook), (Ref. 167, handbook) 

Raman-bands: gasfoenniger (Ref. 170, handbook) 3000-200 cmE-l (Ref. 65, handbook), 
(Ref. 171, handbook), 

(Ref. 172, handbook), (Ref. 173, handbook) 
Electronic Spectra 

UVNIS Spectrum (Ref. 174) 
Emission Spectra 

Emission spectrum Quantum yield of emission (Ref. 118) Emission quenching (Ref. 175) 
Other Spectra 
Other Spectroscopic Methods Photoelectron spectrum (Ref. 90), (Ref. 93), (Ref. 176), (Ref. 177), 
(Ref. 178), (Ref. 179) ESCA (Ref. 180) Appearance potential (Ref. 82), (Ref. 181), (Ref. 182), 
(Ref.183) 

Mass Spectrum Method: Elektronenstoss; (Ref. 184, handbook) (Ref. 185) (Ref. 186) (Ref. 
187) (Ref. 188) (Ref. 123) (Ref. 181) (Ref. 189) 

Magnetic Properties 
Magnetic Susceptibility: (Ref. 190) 
Magnetic Susceptibility: (Ref. 191) 

Electrical Properties 

Static Dielectric Constant: 1.921; Temp: 20 C; (Ref. 130, handbook) 
Photoconductivity (Ref. 92) Electrochemical Behavior 
Collision cross-section (Ref. 192), (Ref. 193) Solution Behavior 
Solubility: (Ref. 194) LiquidlSolid System 
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Eutectic; Partner: methyl iodide (Ref. 73, handbook) Liquid/Vapor System 
Vapour pressure diagram for the mixture (Ref. 108), (Ref. 195), (Ref. 196) 

Critical data for mixtures (Ref. 109) 
Activity coefficients of the comp.in the mix. (Ref. 195), (Ref. 196), (Ref. 197) 
Azeotropes: Components: methyl iodide; (Ref. 73, handbook) 
Other Mechanical Properties 

Volume change on mixing (Ref. 198), (Ref. 199) 
Virial coefficients; Partner: methane; Temp: 50 - 130 C (Ref. 200, handbook) 
Virial coefficients; Temp: 23.7 C (Comment: 1.2081/Mol.) (Ref. 73, handbook) 

Virial coefficients (Ref. 201 ) Transport Phenomena 
Diffusion (Ref. 202), (Ref. 203) Energy Data 
Enthalpy of solution (Ref. 204) 
Enthalpy of mixing (Ref. 195) 
Entropy of mixtures (Ref. 195), (Ref. 196) 
Excess thennochemical parameter (Ref. 108), (Ref. 195), (Ref. 196), (Ref. 198), (Ref. 199) 
Adsorption 

adsorption (Ref. 205) 
Adsorption isothenn (Ref. 206) Association 
Spectrum (e.g., UV, lR, NMR,) of the complex (Ref. 207), (Ref. 208) Chemical Reactions 
Chemical Reaction: Partner: SiCI4, AIC13 

Temp: 290-325 C 
Reaction Product: chloro-trimethyl-silane, dichloro-dimethylsilane (Ref. 209, handbook) 

Chemical Reaction: 
Partner: chlorine, tert-butylbenzene, CS2 Temp: 25 C 

Further Conditions: im Gluehlampenlicht; relative. Irradiation 
Aim of the Study: Reactivity (Ref. 210, handbook) 

Chemical Reaction: 
Partner: chlorine, carbon tetrachloride, PC15 

Reaction Product: trimethyl-chloromethyl-silane (Ref. 1, handbook) 
Chemical Reaction: Parmer: ~hlorine 
Temp:25C 

Further Conditions: im Gluehlampenlicht; relative. Irradiation 
Aim of the Study: Reactivity (Ref. 210, handbook) 

Chemical Reaction: 
parmer: nitrogen 
Temp:28C 
Further Conditions: durch elektrische Entladungen aktivierter (Ref. 211, handbook) 

Chemical Reaction: 
Parmer: nitrogen 
Temp:250C 
Further Conditions: durch elektrische Entladungen aktivierter (Ref. 211, handbook) 

Chemical Reaction: 
Partner: nitrogen 
Temp:28C 
Further Conditions: durch elektrische Entladungen aktivierter (Ref. 211, handbook) 

Chemical Reaction: 
Partner: nitrogen 
Temp:250C 
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Further Conditions: durch elektrische Entladungen aktivierter (Ref. 211, handbook) 
Olemical Reaction: Temp: 659 C 
Further Conditions: thennische Zersetzung (Ref. 212, handbook) Olemical Reaction: Temp: 689 C 
Further Conditions: thennische Zersetzung (Ref. 212, handbook) Olemical Reaction: Temp: 720 C 
Pressure: 100-200 Torr 
Further Conditions: thennische Zersetzung (Ref. 213, handbook) Olemical Reaction: Temp: 720 C 
Further Conditions: thennische Zersetzung (Ref. 214, handbook) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 86) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 119) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 215) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 216) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 217) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 186) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 218) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 219) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 220) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 221) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 222) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 223) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 87) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 224) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 225) Chemical Reaction: 
Aim of the Study: Rate constant (Ref. 226) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 227) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 222) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 223) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 228) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 229) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 230) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 231) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 232) Chemical Reaction: 
Aim of the Study: Product distribution (Ref. 233) Chemical Reaction: 
Aim of the Study: Equilibrium constant (Ref. 207) Chemical Reaction: 
Aim of the Study: Quantum yield (Ref. 227) Chemical Reaction: 
Aim of the Study: Quantum yield (Ref. 228) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 234) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 235) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 236) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 237) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 222) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 238) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 239) Chemical Reaction: 
Aim of the Study: Kinetic (Ref. 240) Chemical Reaction: 
Aim of the Study: Mechanism (Ref. 227) Chemical Reaction: 
Aim of the Study: Mechanism (Ref. 228) Chemical Reaction: 
Aim of the Study: Activation energy (Ref. 86) Chemical Reaction: 
Aim of the Study: Activation energy (Ref. 216) Chemical Reaction: 
Aim of the Study: Activation eneIgy (Ref. 217) Chemical Reaction: 
Aim of the Study: Activation energy (Ref. 241) Chemical Reaction: 
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Aim of the Study: Activation energy (Ref. 242) Chemical Reaction: 
Aim of the Study: Activation energy (Ref. 223) Chemical Reaction: 
Aim of the Study: Activation energy (Ref. 224) Chemical Reaction: (Ref. 243) Olemical Reaction: 
(Ref. 244) Chemical Reaction: (Ref. 245) Chemical Reaction: (Ref. 119) Olemical Reaction: (Ref. 
246) Chemical Reaction: (Ref. 234) Chemical Reaction: (Ref. 101 ) Olemical Reaction: (Ref. 247) 
Chemical Reaction: (Ref. 248) Chemical Reaction: (Ref. 249) Chemical Reaction: (Ref. 250) 
Chemical Reaction: (Ref. 251 ) Chemical Reaction: (Ref. 252) Chemical Reaction: (Ref. 253) 
Chemical Reaction: (Ref. 254) Chemical Reaction: (Ref. 255) Chemical Reaction: (Ref. 256) 
Chemical Reaction: (Ref. 257) Chemical Reaction: (Ref. 258) Chemical Reaction: (Ref. 259) 
Chemical Reaction: (Ref. 260) Chemical Reaction: (Ref. 261 ) Chemical Reaction: (Ref. 102) 
Chemical Reaction: (Ref. 262) Chemical Reaction: (Ref. 222) Chemical Reaction: (Ref. 263) 
Chemical Reaction: (Ref. 264) Chemical Reaction: (Ref. 265) Chemical Reaction: (Ref. 266) 
Chemical Reaction: (Ref. 267) Chemical Reaction: (Ref. 268) Chemical Reaction: (Ref. 269) 
Chemical Reaction: (Ref. 270) Chemical Reaction: (Ref. 271) Chemical Reaction: (Ref. 272) 
Chemical Reaction: (Ref. 273) Chemical Reaction: (Ref. 274) Chemical Reaction: (Ref. 275) 
Chemical Reaction: (Ref. 276) Chemical Reaction: (Ref. 277) Chemical Reaction: (Ref. 278) 
Chemical Reaction: (Ref. 279) Chemical Reaction: (Ref. 280) Chemical Reaction: (Ref. 281) 
Chemical Reaction: (Ref. 282) Chemical Reaction: (Ref. 283) Chemical Reaction: (Ref. 284) 
Chemical Reaction: (Ref. 285) Data of Short File 

Solid state structure properties (Ref. 286) Viscosity (Ref. 112), (Ref. 287) 
Thermodynamic properties (Ref. 97), (Ref. 288), (Ref. 289), (Ref. 2 9 0) 
NMR (Ref. 13), (Ref. 152), (Ref. 202), (Ref. 253), (Ref. 291), (Ref. 292), (Ref. 293), (Ref. 
294), (Ref. 295), (Ref. 296), (Ref. 297), (Ref. 298), (Ref. 299), (Ref. 3(0), (Ref. 301), (Ref. 
302), (Ref. 303), (Ref. 304), (Ref. 305), (Ref. 306), (Ref. 307), (Ref. 308), (Ref. 309), (Ref. 
310), (Ref. 311), (Ref. 312), (Ref. 313), (Ref. 314), (Ref. 315), (Ref. 316), (Ref. 317) NMR 
(Ref. 46), (Ref. 51), (Ref. 52), (Ref. 95), (Ref. 264), (Ref. 318), (Ref. 319), (Ref. 320), (Ref. 
321), (Ref. 322), (Ref. 323), (Ref. 324), (Ref. 325), (Ref. 326), (Ref. 327), (Ref. 328), (Ref. 
329), (Ref. 330), (Ref. 331), (Ref. 332), (Ref. 333), (Ref. 334), (Ref. 335), (Ref. 336), (Ref. 
337) 
ESR (Ref. 215), (Ref. 338), (Ref. 339), (Ref. 340) 
IR (Ref. 35), (Ref. 68), (Ref. 76), (Ref. 118), (Ref. 341), (Ref. 342), (Ref. 343), (Ref. 344), 
(Ref. 345), (Ref. 346), (Ref. 347) , (Ref. 348), (Ref. 349), (Ref. 350) Raman (Ref. 347), (Ref. 
351), (Ref. 352) 

UVNIS (Ref. 353), (Ref. 354) 
Electrical properties (Ref. 355) 
Thermodynamic properties of system with (Ref. 356) 

Further information (Ref. 347), (Ref. 357), (Ref. 358), (Ref. 359), (Ref. 360), (Ref. 361), 
(Ref. 362), (Ref. 363), (Ref. 364), (Ref. 365), (Ref. 366) 
Further information (Ref. 367), (Ref. 368), (Ref. 369), (Ref. 370), (Ref. 371), (Ref. 372), 
(Ref. 373), (Ref. 374), (Ref. 375), (Ref. 376), (Ref. 377), (Ref. 378), (Ref. 379), (Ref. 
380), (Ref. 381), (Ref. 382), (Ref. 383), (Ref. 384), (Ref. 385), (Ref. 386), (Ref. 387), 
(Ref. 388), (Ref. 389), (Ref. 390), (Ref. 391), (Ref. 392), (Ref. 393), (Ref. 394), (Ref. 
395), (Ref. 396), (Ref. 397) 
Further information (Ref. 398), (Ref. 399), (Ref. 4(0), (Ref. 401), (Ref. 402), (Ref. 403), 
(Ref. 404), (Ref. 405), (Ref. 406), (Ref. 407), (Ref. 408), (Ref. 409), (Ref. 410), (Ref. 
411), (Ref. 412), (Ref. 413), (Ref. 414), (Ref. 415), (Ref. 416), (Ref. 417) 
Luminescence (Ref. 418), (Ref. 419) Refs. 
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