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THERMAL Ai\iALYSIS AND SYNTHESIS OF 

PENTAZISC HEXAHYDROXIDE DICARBO3iATE 

ISVESTIGrZTIONS BY THERMOGRAVIMETRY, THER%lO MOLECULAR 

BEAM ANALYSIS =?\ND X-RAY 3lEASUREMENTS 

A combination of thermobaiznce and X-ray camera is described \vhi:h dio~~-s 
simultnneous thermogravimetric (TG) and X-ray measurements under high \-xuum. 

During these measurements the sample is positioned in the sample holder of the 

camera in the usual fashion and is S-rayed while the temperature is \-aried. The 

molecular beam of the gaseous decomposition products flows through a connecting 

tube which acts as a molecular beam former bet\veen camera and thermobalance. 

The molecular beam is directed towards the empty balance pan. The orifice through 

which the beam exits as well as the pan have special shapes that allow transfer cf the 

argular momentum of the decomposition beam to the balance. The exerted force is 

a function of time and corresponds to the first derivative of the TG curve. i.e. to the 

DTG cume. The integrated curve is directly proportional to the chrinse in mass of 

the probe. A quantitative evaluation is possible if the moIecu!ar composition of the 

beam is known. The calibration of the molecular beam and the evaluation of the 

measurements will be discussed_ The results show that simultrtneous detection of 

X-ray scattering and indirect TG curves allows ;r better interpretation of decomposi- 

tion reactions. 

An additional investi_gation shows that thermal synthesis of chemical com- 

pounds can also be studied by thermo_cravimetry. Based on the same compourzd as 

described in the analysis. the pyrosynthesis is demonstrated_ The special instrumenta- 

tion and the test conditions are discussed. 

THERMAL ASALYSIS OF PESTAZISC HESAHYDROSIDE DICARBOX4TE 

Inrrodavion 

A considerable time ago X-ray analysis established itself as an important tool 

in the fields of crystal and analytical chemisti?. as well as in solid state chemistv 

and physics. Today this method for obtainin, 0 information on purity. structure, 

lattice defects and crystatiiinity of chemical compounds is a routine method in the 
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chemical Iaborarory ’ -_ With the introduction of variabIe temperature X-ray cameras 

and diffractometers this technique \vas extended to temperature-dependent experimen- 

t3I in\-estigntions. Man_\- ph:-sical and chemical processes can in this way be continuously 

obse--ed as a function of temperature. These inciudt. for esample. measurements 

of therma! expansion, the investi _rztion of the temperature dependence of phase 

transitions in systems of one or more components. epitasia! growth, recrysta!!iza- 

tion rates. determinations of particle size. and others5-‘_ 

It is also a frequent practice in thcrmoanaiytical work such as thermogravime- 
try and diKerentia1 therma! analysis to investigate the course of reactions Iike decompo- 

sitions or phase transitions in solid compounds through heatirg to a certain tempe- 

rature and subsequent X-ray analysis on a discontinuous basis. However. quite 

often this procedure causes ditiicultics because the sample chan_ees its composition 

during coo!ins and transfer to the X-ray cquipmcnt so that it5 state does not cor- 

respond any Ionzer to the experimental conditions. For example. it is usually not 

possible to in*--@ate metastable states in this fashion_ it is therefore very natural 

to Iook for a method that aliows the simultaneous application of the usual thermo- 

gravimetrical technique and X-ray anaIysis_ 

Principle of nreaswemenl and appararrrs 

For technica! reasons it is comparatively difiicult to carry out thermogravi- 

metric me.asurements simultaneous& with X-ray analysis, i.e. to continuously X-ray 

the sample while it is being heated on the pan of the balance- Therefore, a different 

way was chosen to obtain information on the change in sample \voiSht; a \vay which 

a!Iows one to leave the sample in the sample holder of the X-ray camera. to X-ray 

continuous?y in normal fashion while: heating the sample. and still be able to record 

the change in weight of the sample during the reaction_ 

The measurement of the change in weight occurs through the ,oaseous decom- 

position products that are generated during the decomposition and which are brought 

from the camera to the thermoanalyzer \-ia 3 vacuumproof link. These gases form 3 

mo!ecu!ar !xam that hits the pan of the balance. Orifice and pan, both have spca3I 

fi3t shapes such that the arrivin g molecules bounce back and forth several times 

before they exit at the side and are removed by the vacuum system_ The impact of 

the bouncing moiecuies eserts 3 force on the pan of the balance- The recorded curve 

of this force is proportional to the first derivative of the sample weight. or, in other 

words, undsr certain conditions the xea under the peak of the curve is directly 

proportional tc: the total change iri weight of the sample_ We call this analytical 
method ‘-Thermti Mo!ecu!ar Beam Analysis (TMBXj“. 

This method was imp!emented in our Iaborakories with the aid of a Mettler 

Thermoana!yzers. an Enraf-Nonius hi_rh-temper;*ture camera9 (System Len@ 

and a Balzers Quadrupole Mass Spectrometer”. -4s can be seen from Fig. 1 the 

camera is mounted directI\: above the thermoanaI:zer_ The furnace of the camera is 

connected to the heated system of the impact plate; of the balance via 3 vacuumproof 
link. This linking conductor has to be heated durirt~ an experiment. A valve permits 
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one to sea1 off the vacuum of the balance during the changing of the sample. There- 

fore. only th- camera has to be opened and re-evacuated for this operation_ 

Fig. I. Schematic diagram of the thermobalancc, .X-ray high-temperature camera and mass spectro- 
meter. 

The samples are spread on a platinum wire mesh and are mounted in a sample 

holder which is in direct contact with the thermocouple which indicates the tempera- 

ture of the sample. The cltmers is attached to an adjustable frame to which the cover 

of the X-ray tube holder is directly connected_ This focusing camera uses a quartz 

monochromator. The film holder that contains the X-ray film is part of a transport 

system that a11o\vs the fiim to be passed at various speeds in front of the X-ray exit 

slit and esposes it synchronously lvith the temperature sweep. The exit slits can bs 

adjusted between I and 5 mm. 

The temperature of the furnace in the X-ray camera is contro!led with the 

temperature control equipment of the thermoanal_\-rer. Heating rates used are mostly 

between 0.1 and 4’C min- ‘_ The present furnace allows a maximum temperature of 

1200 ‘C. The temperature of the impact plates can be set anywhere between room 

temperature and 45O’C and remains constant (F2’C) during an experiment. It is 

recorded continuousIy together with the other measurements. The spacing between 

the impact plates is variable between O-5 and 4 mm and can be set to within 0.01 mm 

with the aid of a micrometer. 

The X-ray tube is connected to a commercial generator. If a switch is provided 

other cameras for other types of anaIysis can be operated alternatively. After an 

experiment the X-ray film is developed and measured ox a photometer. Time markers 

on the film alIow the comparision of the spectral information with the recorded 

curves. The quadrupole mass spectrometer helps in the evaluation of TlMB.4 by 



providing quantitative information about the percentages of the molecules that make 

up the beam. For the rest. the esperiment corresponds to a rcsular thermogravi- 

metric analysis_ 

Delerminarion of changes in x-e&h in rirernro~~rar-ir~ri~rric inressrigafiom U-MI nroiccrrlur 

beams 

In ThlBA the reaction. as was mentioned earlier, is described by a curve that 
forms one or several peaks representins the change in sample \veizht as a function of 

temperature. This means that the impnctin g zaseous decomposition products transfer _ 

momentum to the pan of the balance which is recorded a~ a force. This force is directly 

proportional to the rate of weight chanse if all the molecules of the decomposition 

reaction arrive at the pan under isothermal and isobaric conditions and if there occur 

no reactions. associations. dissociations. condensations or absorptions on the ~a>-_ 

TN-O methods were used to calibrate the measured peak areas of decomposi- 

tion reactions- The first method consists in decomposing thermally a known com- 

pound and consecuti\-eiy relating the calculated \vei_rht decreases to the peak areas. 

In the second method a decomposition reaction is simulated Lvith an injection s_\-stem 

(Fiz_ 1) with which kno\vn amounts of II purL * gas can be injected into an evacuated 

- 

Fi_g_ 7_ Thcrmot;zIznsc rxith a gas injection sptcm ihat is used IO caiibrare mo!ecular barn fofcS. 

sas pipette under isothermal conditions_ By means of a se-o controlled valve the 

eas is then made to leak into the beam conductor and plate system. The peak areas 

of the curves have been determined digitally with the aid of a digital voltmeter_ a 

McttIer data transfer unit. and a paper tape punch_ The results of the measurements 

show a standard deviation of about 2‘5;. ExampIes of calibration data”-” are shown 

in Fis. 3. Figure 3D shows that for various gases the ratio between the square root of 

the molecular Weight or the mean velocity of the molecules and the determined area 

remains constant. Deviations essentially relate to the different atomicity of the gases. 

Hydrogen and helium are not within the scope of this diagram because of their high 

heat conductivity. 

Further resuhs are summarized in a number of other diagrams. Diagram A 

shows t’he dependence of the measured peak area on the distance of the impzlct 
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Fig. 3_ Diagrams showing rhe molcculrtr beam forces ~csprcssed 2s peak area of recorded curva) as a 

funrlion of vxious paramcrers. 

plates. The dependence of the peak area as a function ot the plate temperature is 
represented in diagram B. Another diagram (C) confirms the linearity between the 
measured peak area and the amount of ,nas that hits the plates. This. for example, 
has been shown for CO, produced in the decomposition of different amounts of 
strontium carbonate_ 

In summary one can say that Lvithin the ranse of certain experimental para- 
meters the curves of the thermal molecular beam technique can be used for quantita- 
tive analysis. It is necessary to use a mass spectrometer for the evaluation of complex 
decomposition reactions in order to be able to determine the percentage of the diffe- 

rent contributing gases as well as to be able to detect any possible association or 
dissociation products. 

I 
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Figure 4 represents the results of the thermai decomposition of synthetic basic 

zinc carbonate’ 3 that have been obtained with this method. For this investigation 
7.3 m_c nf the compound were spread on a platinum wire mesh and heated in high 

vacuum with a rate of 0.3 ‘C min- ’ from 7Y to 375 C and with 1.5 C min- ’ from 
335 to 757 C. \Vc used Cu K, radiation, 40 kV;15 mA_ and a scan rate of 5 mm. h 
for the film. The ?-LIB:\ curw sholi-s first the evaporation of adsorbed \vater :x-hich 

is completed at 75 ‘C. Just ;I little ktcr a smrlli difrusion of-H20 and CO, occurs. 

Starting from 170 -C the reaction is compklei_. c:ontrollsd by difTusion. Le. 
the compound is now decomposin_e. Betiveen 140 and 312 C the chanse in lveight 
slow-s down. This is due to the different dItTusion rates of the ions caused by their size. 

and to absorption at tht a _rrenrlv increased surface of the new phase zinc oxide which _ 
can amount to up to 100 m’ s- * _ 
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The numbers of the photometer curves correspond to various temperatures 
given in the positions of the TMBA cu~cs. The slit width used for evaluation in the 

photometer corresponds to 3.6 C or to a time of 12 min. 

The photometer carves indicate that hydrosycarbonate (see the 200 reflex in 

Fi,rr. 5) is present up to a degree of decomposition of r>0.90 in the decomposition 

whereas the IO0 reflex of zinc osidc becomes \-isible at ;( = 0.70. 

The shift of the reffescs in the X-ray film (Fig. 5) as wcIl as the photometer 

curves (Fip_ 3) show a contraction in the c asis (see the 002 reflex) and an expansion 

in the & asis (see the 040 reflex) of the cqstal. They provide information about the 

chanpes in the unit cell that occur during the decomposition reaction. A scannine 

eiectron micropmph of a single crystal of hydrozincite (Fig.6). which was heated in 

the same way as the synthetic materi& confirms the chanses by showing fissures and 

Fig_ 6. After decomposition ZI hydrozincitc single CQ-stat shows fkures and cracks mainly in the 
JircNrion of the h nr;d c ascs tmagnificarion 5000 x )_ 

cracks in the direction of these two axes. AnaIyticaI investigations of the residues 

indicate that with increasing degree of decomposition in high vacuum the proportion- 

ality for the OH- and CO;- ions is not kept due to the different diffusion rates 

(FL-z_ 7). This is IrkeIy to be the reason for the chanscs obsemed and described above_ 

By the test in dry air the same effects can be obser\-cd as in hish vacuum. esceptins 

that CO, escapes more quickIy and due to subsequent reaction xvith the water OH- 

ions are in a major+ when the decomposition is terminated. In opposition to these 

measurements investigations in moist air show neither a disproportion of the residue 

nor a change in the diffraction pattern. 



139 

1.93 CO;- : 6.14 OH- 

0.9 

OB 

Measurements 

___ __A_ in rnoistured air 

-*_-__4- in dried air 

= in high vacuum 

0: ! 

;; ; & 
! 

Z CO 0 1 2 3 4 5 8 10 
10 9 8 7 6 5 4 3 2 1 0 z,, 

. 

Fig. ‘7. Disrribution of charge contribution of ions during rhc decomposition in various armosphcres. 

If the samples are heated to even higher temperatures_ it is possible to cal- 

cuh~e’~-‘~ the variation of particle size and recrystallization rate from the decrease 

of line broadenins in the diffraction pattern (Fiss. 5 and 8). The resuits ailo\v one to 

determine the chance of specific surface of the decomposition product during the 

heating periods. Figrrc 9 shows the than ge of the specific surface area as a function 

of the highest temperature. These resuits may be compared with those obtained by 
other met hods. 

In this reaction ;1 topotactic relation can be recognized. The 002 reflex of 

hzdroxycarbonate and zinc oxide show only a small change in their placement_ This 

means that the nucleation of the new phase may continue from there. 

The relation between the chanse in intensity of the reflexes and the advance- 

ment of the reaction cannot be compared in decomposition reactions of many com- 

pounds because solid solutions are formed between the old and the new phase. 

THERMXL SYSTHESIS OF PEXTAZISC HESAHYDROSIDE DICARBOSATE 

inrrochrcrior~ 

Investi@ions made by Zau~g” several years a_eo on the reaction of solid 

hydroxides with gaseous carbon dioxide and water vapor have shown the formation 

of compounds similar to pentazinc hesahydroside dicarbonate. The quantitative 
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Fig_ 9. The X-ray film (Fig. 6) alIo~vs the determination of the change of specific surface of the 
decomposition product CZnO). which was formed during the decomposition of zinc hydrosicarbonate. 
!Gexsurements taken with other methods where the sample wcrc heated to tk corresponding tcm- 
pcmtures, are in good agrcemcnt with those obtained by the X-my method. 

analysis yielded a composition of 

Zn(OH) I .3 (C03)0_3s !H20)o.It & Zn5(OH),_, (CO,),_75 0.6 H,O. 

It was, therefore, pertinent to study, under similar conditions, the behavior of the 
active zinc oxide” that was formed during the thermal decomposition_ 

In a series of investigations tests were made to establish how far the zinc 
hydroxide carbonate (Merck), which was completeiy decomposed to zinc oxide in 
an atmosphere of CO?-HZ0 vapor, could be synthesized again during the linear 
programmed cooling_ As described in the following, a special furnace (Fig. 10) \vas 
developed for this kind of investigation”. 

Principle of ilre uppararrrs used 

A gas mixture of carbon dioxide and water vdpw~ i,ad to be used in the furnace 
of the thermobalance for the pyrosynthesis of bsic zinc carbonate_ Figure IO illus- 
trates schematically the system for these test:-. The cruci?!r “B” containing the 
substance is placed on top of a sampIe hoider in the’center of the furnace heating 

zone. The sample hoider is attached trr Lne ba!ance sti-rrxp. In the flask “A” w+cr 
vapor is generated, which is carried by the gas entering at “C” into the furnace 
through the insulated connecting tubes. The condensed water runs back to the 
flask “A”. The gas entering at “D’* fIows up through the baIance and inner gas flow 



tube and prevents water vapor from the furnace entering the balance housing. The 
gas exits at ‘-E“ after passing through the back Jlow condenser. 

ce 

Fig. IO. Schematic sketch of the thermobaiance with a fumacc for SpeciaI atmospheres_ 

0 1w 200 302 400 so0 

Fig. 1 I. Diagram showing the water \xpor transport for two gas flow rates of CO2 through the 
reaction chamber (furnace of the thermobalance) as a function of temperature under standard 
conditions* (20°C and 760 torr). 

* Pt-rcfrcctions from the platinum w-ire mesh_ 
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Measuring the amount of water vapor passed through the furnace is possible 
only by feeding the water condensate into a graduated measuring cylinder instead of 
draining it back into flask “A”. To compensate for the evaporated water, flask “A” 
has to be continuously replenished by a drop feeder. If, for isothermal conditions, a 
constant gas flow through the flask “A” is used, the amount of water vapor carried 
by the gas into the furnace is also constant_ The amount of water vapor carried along 
by the gas will constantly change with the temperature, when a linear heating rate is 
used for dynamic studies. Tests were, therefore, made to establish the amount of 
water vapor that flows through the reaction chamber of the thermobalance at different 
temperatures. Results are shown in Fig_ 11 for two different CO, gas ffow rates. The 
curves show the water vapor flow measured as condensate, as a function of temperature. 

Es-perinteiltai 

The zinc hydroxide carbonate sample (Merck) was weighed on the thermo- 
balance and linearly heated or cooled in the water vapor furnace. The H20-C02 
atmosphere was generated, as already indicated, by a Aow of CO, through the water 
vaporizer (flask “A”) into the sample chamber. The condensed water flows back into 

flask A, the CO, exits through the gas outlet. An additional ffow of CO-, through 
the balance prevents any water condensation in the balance chamber or on the 
sample holder. The tests could only be started after both CO2 gas flows were adjusted 
to a constant rate and the vaporizer showed a constant return flow of condensed 
water. Flowmeters were used to adjust and control the gas flow rates. 

Preliminary f ests 

Prehminary tests first clarified what reactions took p!ace, if one of the two gas 
phases, water vapor or carbon dioxide, were used separately. 

A sample of per&zinc hexahydroxide dicarbonate, which served as the basic 
test substance, was first decomposed in a gas stream of C02-free air and water vapor 
(5 l/h)_ The tests showed G-at the resultin g zinc oxide picked up only ne&:gible 
amounts of water during fast, or even stepwise isothermal cooling, even for long 
periods of time (5 h), independent of maximum test temperature (500°C). This means 
no hydroxide carbonate was formed. Samples treated in this way showed a normal, 
unchanged zinc oxide pattern on the X-ray films, the same as obtained from normal 
decompositions_ If instead of the air-water vapor mixture only carbon dioxide is used 
as gas atmosphere under otherwise unchanged conditions, onIy the decomposition 
temperature is moved to a higher value. The weight increase during coohng in the CO, 
atmosphere lasts onIy until the water vapor, generated dyring the decomposition, 
is flushed out by the CO, _ ctream. Only then is the reverse reaction finished and the 
residue weight constant; i.e., without HZ0 vapor no reformation of the hydroxide 
carbonate take\ place. X-rays show only unchanged zinc oxide. 

Only with water vapor and carbon dioxide as test atmospheres, after the thermal 
deccmposiiion of zinc hydroxide carbonate, a definite weight gain of the zinc oxide 
remaining in the crucible was noted straight after cooling. Dependent on the test 



temperature_ the weight gain started between 200-IOO’C. During the preliminary 

tests, a sample of zinc hydrosidc carbonate was heated to near complete decomposi- 

tion at 252’C and cooIed after a half hour isothermal hold. X-rays of the residue 
showed the interference bands were simiiar to the ones of zinc hydroxide carbonate, 
but that compared to the original product (Merck) additional interference lines were 
present_ These interferences are also present in X-rays of a natural product (Good 
Springs, Nevada), lvhich Ieads to the conclusion that this resulting product is made up 

somewhat different from the ori&naI product (Merck). The differences in the location 
of the interferences (slight shifts could be detected). led to the conclusion of expansions 
and contractions in different directions of the grid structure_ Interference lines of 

ZnO, however. did not appear, provin g the compkte chanse to hydroxide carbonate_ 

A series of tests should establish the effect of diRerent maximum test tempers- 
tures on the reformation of hydroxide carbonate from the zinc oxide phase. In 

addition, the fhw rates of the gases or vapors, respectively, required for the reaction 
were varied. The resulting data are summarized in Table 1. 

-i-_4BLE 1 

TABLE OF DATA FROM TESTS TO SYNTHESIZE ZINC HYDROXIDE CARBONATE 

I Ii9 

2 IT7 
3 is5 
4 I75 
5 IS3 

6 ISI 
7 IS0 
S IS1 
9 155 

IO 176 
il 171 
12 179 

100.1 10 

IOO.07 10 
100 10 

200 10 

100 IO 
100.03 10 
100.03 IO 
200 IO 
No 10 
xfl 10 
200.01 10 

200.06 10 

20 

20 
I9 
‘0 
20 
20 
25 

130 
30 
20 
33 
20 

400 co=-H,O 9/-% 
500 C02-H:O 9/4 
600 CO=-Hz0 9/J 
600 CO--HZ0 9:‘3 
z5 Cg2-H20 9j9 
300 CO=-Hz0 9j9 
225 C02-H20 9116 
300 COI-H20 9!16 
400 C02-H20 9:23 
500 CO=-Hz0 9.23 
590 C02-HZ0 9.23 
600 COZ-H20 9;23 

w477/ 1 is9 
W47/‘2!69 
W47;+‘69 
W49; I j69 
‘.V47;3;69 
W-#9;2/69 
W49/3:!69 
W49i4j.69 
W4Sj I!69 
M*48!Z j69 
W48!3:‘69 
W48,‘4:69 

D A gas mixture of carrier 83s. and wa:cr vapor was used inside the reaction chamber for these tests. 
An additional flow- of dry carrier pas was dircctcd through the fxlancc and into the reaction chamber 
(SLY Fig. IO). b The two vaIucs in this column rcfcr to the two carrier gases used (through vaporizer! 
through baiance)_ No fiow rate for water vapor can be given; on1 y a few approsimate v-alues are 
avaikble from spcciai tests. c Stepwiw isothermal ccoling of sample (es., in steps of 1O’C). d SampIe 
was rcpeatcdiy heated and cooled. c Sample was heated stepwise. 

Figure 12 shows several resultin_g test curves of these measurements_ The 
clearly v-isibIe weight gain at the beginning of the test trace is the result of water 
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vapor adsorption on the orizinai sample at room temperature. After constant flow 

conditions of the vapor mixture were reached, heating was started at IO’C min-‘. 
Due to heating an even larser amount of water adsorption is noted, until it is lost 

again after passing the 3O’C mzxk. In the ranse of 50-IOO’C the adsorbed water is 
released again and the actual decomposition 01 the sample starts only then. Compared 
to air as atmosphere, the decomposition temperature is increased in a COz-Ei,O 
atmosphere. 

Temperakrc 

Fig. 12. Thermogravimetric cxves from the decomposition and composition proctases of penta- 
zinc hesahydroxide dicarbonatc as a function of differerx heating programs. 

Thz decomposition is nearly completed from 3OO’C on. Continuous heating 
to 600°C yields only little additional weight loss, until pure zinc oxide finally remains. 
During each test, the sampie was held isothermal for a certain amount of time after 
reaching the corresponding maximum test temperature, to enable it to establish 
decomposition equilibrium. During the following coolin,o, a noticeabre weight sin 
was detected between 200-l SOT. 

The weight traces in Fig 12 illustrate that the weight gain happened at different 
rates for the same cooling conditions. The reason for this behavior can primarily 
be found in the different maximum test temperatures of the precedin,o sample 
decomposition. For example, the substance heated to 245 T was not compIetcly 
decomposed and picked up water and COz fastest, whereas samples heated to more 



Fig. 13. (a) Photometer can-es of X-ray photographs of the pyrosynthctic products from zinc hydrox- 
ide carbonase. (b) Photometer curve of the X-ray photograph of zinc hydroxide carbonate (hlcrck 
NO- SSOS). * Pt-reflections from the pIatinum wire mesh. 
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than 7OO’C showed no significant weight gains (approx. 2-3?G) even after several 
days. The reason for this behavior can, among others, be associated with the change 
of the particle size of the resulting reaction product (see Fig. 6). Based on the particle 
growth that takes place at elevated temperatures. the specific surface area of the 
formed zinc oxide is reduced and hence the reaction with the gas environment is 
markedly sIowed down. 

Figure 12 illustrates the entire test trace for test WV No. 185. The sample 
decomposed while being heated to 600”C, with cooling following after a period of 
isothermal hold. Since the decomposition trace for all tests was identical, it is shown 
only once for reasons of clarity. For all other tests, only that portion of the test trace 
is shown that represents the weight gain during cooling. The dotted lines represent 
the temperature program for the corresponding test of which the weight gain traces 
only are shown. The weight gain of all traces shown exceeded the original stoi- 
chiometric weight loss of zinc hydroxide carbonate. A larger amount of CO,-H,O 
than originally Iost was taken up by the sample. 

Subsequent investigations showed that the reason for the larger weight gain was 
primarily adsorbed water. Comparisons of X-rays for both the samples with exces- 
sive weight gain and for tho;~ where the test was terminated when the theoretical 
weight gain was reached, did not show noticeabIe differences. Products synthesized 
in this way had to be dried in the desiccator before the analysis could be made. 

Photometer curves from the X-ray photographs of all synthesized compounds 
are summarized in Fig. 13. Interference lines of ZnO are not present on any of the 
photometric curves of the decomposition product X-rays. The amount of decomposi- 
tion products generated on the thermobalance W;L; not sufficient to make several 
analyses to obtain average values. Therefore, only one value could be determined of 
each of the different preparations_ This value compared to the data of Zaugg’ 4 about 
the composition of carbonated E-zinc hydroxide yielded a certain agreement. 

Formula 

Preparation from carbonated 
~-zinc hydroxideI 

Generated preparation of the 
second test series 

Zns (0~6.6 (cod~m o-5 Hz0 

DISXESIOX 

The results of these qualitative investigations confirmed that a substance 
similar to pentazinc hexahydroxide dicarbonate is formed in a gas environment of 
CO,-water vapor and a temperature range from room temperature to 200°C. The 
reaction takes place topochemically; i-e_, the reaction mechanism can be imagined as 
follows: The relatively large surface area of the zinc oxide remaining after the decom- 



position adsorbs water first- The zinc ions as Lvell as the necessary grid building 
bIocks. such as COZY can now infiltrate this adsorption layer until. after nucleus 
formation of the basic zinc carbonates. they are incorporated into the new grid_ 

The path the reaction takes and its speed rare. however. dependent on several 
factors. One of them is. for exampfe. the level of the preceding decomposition 
temperature for the zinc oside, particuI~rly_ if s in this case, it was formed from the 
decomposition of zinc hydroxide dicarbonate in moist air. The adsorption of C3,- 
water vapor takes place relatkely quickly if the oside is not heated much above 6OO’C 
after the decomposition. That means the speed with which the hydroxide carbonate 
phase is regenerated is dependent Iarge!y on the degree to which ccstalites formed 
during the decomposition of the disoriented regions arid grew epitactically out of 
zinc oside nuclei to larger particles with smaller specific surface area. 

The formation of hydroxide carbonate. which takes place during cooling 
of zinc oxide in a COZ-water vapor atmosphere, started, as aheady mentioned, from 
the adsorption InL-er of water on the zinc oxide. The zinc ions which enter this layer _ 
react with the OH- ions and the CO;- ions and again form hydroxide carbonate”. 

As the test showed. the formation of hydroxide carbonate and the speed at 
which this takes place are dependent on the composition OF the test atmosphere. 
especial& on the water pressure_ The zinc oxide did not show any weight gain in a CO1 
atmosphere with a moisture ratio ip;po) less than 0. I : i.e., no formation of hydroxide 
carbonate takes place. Only above 3 moisture ratio of 0.35 did the zinc oxide take 
up more water in 2 relatively short period of time than was necessary for the forma- 
tion of basic zinc carbonrtte. In the moisture ratio range of 0. I-0.3, the formation was 
siower and did not Iead to complete formation of hydroxide carbonate. 

AII szmp!es for the tests discussed here were formed during more or fess 
Iinear cooling. If, howe\-er, a stepwise isothermal cochng process was used and 
stopped above room temperature, ;L better crystalline substance was obtained. The 
X-rays of most substances Formed in this way showed a change in the grid in the 
form of contraction and expansion. Attempts to make -‘fine range deflection” 
measurements faired due to the small size of the formed substance particles. The 
evaluation of the X-rays showed that the small crytaIs were expanded in the a and b 

mes and slightly ccrntracted in the c &s. 

The results shown indicate that the simultaneous measurement of change in 
weight and continuous X-ray provides a new insight which is not possible with 
sepamte determination. Besides analysis investigations, pyrosynthesis can also be 
studied by thermogmvimetry_ The measurements give information about the 
mechanism of the rebuiiding process and aid understanding of some of the transport 
phenomena. 
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