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Abstract: In a resorption heat pump, the adsorption and desorption reaction of ammonium chloride
(NH4 Cl) with ammonia (NH3 ) is of interest as a Low Temperature Salt (LTS). Reviewing previously
published NH4 Cl-NH3 equilibrium lines, ammonium chloride appears to offer useable working
temperatures (50–70 ◦ C) in the 10–15 bar pressure range during the adsorption reaction, and provides
beneficial working conditions for the desorption reaction, when compared with alternative LTS
candidates at atmospheric pressure. The NH4 Cl-NH3 adsorption and desorption reactions, using
a NH4 Cl composite salt, have been evaluated under dynamic ‘real-world’ conditions in a Large
Temperature Jump (LTJ) experimental testing rig; although there are concerns with mass transfer
characteristics, the salt exhibits no hysteresis between the adsorption and desorption reactions,
contrary to previous literature. The experimentally obtained equilibrium line values for the reaction
enthalpy and entropy are 29,835 J/mol and 207 J/(mol·K), respectively. Using a semi-empirical
model, the NH4 Cl composite salt has been successfully characterised, enabling the prediction of salt
reaction behaviour. The model constants, A and n, identified are 4.5 and 5 for adsorption and 5 and 4
for desorption, with an overall salt active fraction (applicable to both reactions) of 0.98. Overall, the
working equilibrium line and the dynamic performance of ammonium chloride has been investigated
and the applicability of NH4 Cl as a LTS for a resorption heat pump determined.
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1. Introduction
1.1. Research Justification
In a resorption heat pump arrangement, Yang et al. [1] highlight that one of the major
limiting factors when considering a salt pairing, is the ability of the Low Temperature
Salt (LTS) to desorb at low vapour pressures. When considered alongside the uptake
values of ammonia (NH3 ) per gram of salt, Table 1, the salts ammonium chloride (NH4 Cl),
sodium bromide (NaBr) and barium chloride (BaCl2 ) are the most frequently reviewed
for LTS applicability. Bao and Wang [2], provide a useful summary table of previous
resorption working pair studies. However, not detailed clearly in previous works is the
dynamic characterisation of the ammonia-ammonium chloride reaction across the working
pressure range for a resorption heat pump application. The characterisation of the salt will
enable the prediction of the ammonia-ammonium chloride reaction to imposed pressure
and temperature conditions. Understanding the kinetics and dynamic performance of
ammonium chloride, a single-phase change (3-0) reaction with ammonia refrigerant, will
enable an assessment of the suitability of the salt as a low temperature adsorbent in a
resorption heat pump configuration.
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Table 1. Key characteristics of LTS candidates (Data taken from:
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ture was 6.4 °C, with an average minimum monthly temperature (February) of 1.3 °C [18].
Therefore, resorption system design needs to consider candidate salts that provide a sufficient temperature equilibrium drop in the low temperature heat input, TL, range of −10
to +10 °C, to drive a desorption chemisorption reaction during the low-pressure phase.
Using the three temperature ranges identified and the widely referenced thermodyEnergies 2021, 14, 6002
namic equilibrium reaction data for chloride salts with ammonia from Neveu and
Castaing [5,19], a figure can be generated to begin to consider candidate salts and potential
salt pairings, Figure 2.
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Previous and present research at The University of Warwick (Warwick) has focused on
the reversible sorption reactions of ammonia with activated carbon [11,12], using physical
sorption (van der Waals attraction between adsorbent and adsorbate), but chemical sorption
(chemisorption) reactions in comparison, which use reversible chemical reactions, offer
higher adsorption quantities (>1 kg/kg) [13]. The use of a resorption configuration has the
additional advantage of using the reversible reaction heat of halide-salts with ammonia,
which can be almost double the latent heat of vaporisation [14,15].
A note on refrigerant selection; the desirable characteristics of an adsorbate (refrigerant) are to have: high heats of reaction compared to sensible heating of the adsorbent;
thermal stability; environmental harmlessness; and ideally be non-toxic. Work at Warwick has considered water, methanol and ammonia as potential candidates. Critoph [16]
discusses the merits of a series of adsorbates, concluding that methanol and ammonia
are strong contenders for heat pumping applications. Ammonia has no ozone depletion
potential, no global warming potential and although is toxic, when considering pressure
and instability of methanol above 120 ◦ C and reviewing the operating temperatures of a
UK based heating system in the following paragraph, ammonia is determined to have the
best potential.
For applicability in a GFHP, a single-effect resorption configuration needs to operate
from three temperature levels, which for a UK domestic heating application are well defined.
To ensure compatibility with existing gas burner technology, the high temperature heat
input, TH , is the temperature of heat delivered by a conventional gas burner, considered to
be in the region 170 to 200 ◦ C. The medium temperature heat output, TM , is the required
delivery temperature for domestic space heating and hot water purposes. The stipulation by
the UK Health and Safety Executive (HSE) is that hot water should be distributed at 50 ◦ C
(or higher) to prevent Legionella growth [17], hence, a medium temperature, TM in the 50
to 70 ◦ C range is necessary. Finally, ambient heat is utilised for the low temperature heat
input, TL . Taken from the UK Meteorological (MET) office climate averages for Coventry
(Coundon) from 1981 to 2010, the minimum average annual temperature was 6.4 ◦ C, with
an average minimum monthly temperature (February) of 1.3 ◦ C [18]. Therefore, resorption
system design needs to consider candidate salts that provide a sufficient temperature
equilibrium drop in the low temperature heat input, TL, range of −10 to +10 ◦ C, to drive a
desorption chemisorption reaction during the low-pressure phase.
Using the three temperature ranges identified and the widely referenced thermodynamic equilibrium reaction data for chloride salts with ammonia from Neveu and
Castaing [5,19], a figure can be generated to begin to consider candidate salts and potential
salt pairings, Figure 2.
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Based on the equilibrium lines in Figure 2, ammonium chloride (NH4 Cl), sodium
bromide (NaBr), lead chloride (PbCl2 ) and barium chloride (BaCl2 ) can be considered as
candidates for the LTS. However, NH4 Cl is the only candidate salt, for the −10 to 10 ◦ C low
temperature heat input, that operates at working pressures on or above atmospheric pressure. To ensure a suitable power density and overall performance from the ammonia-salt
reactions, working at, or above, atmospheric pressure is highly valuable when considering
mass transfer for the completion of the sorption reaction [20–23].
The data presented in this article are used to research and analyse NH4 Cl performance
with regard to LTS resorption heat pump applications, with the: identification of a single
equilibrium line; dynamic behaviour understanding of the salt; and the identification
of modelling parameters to characterise the salt. These findings enable performance
predictions of the salt performance to imposed temperature and pressure conditions.
1.3. Summary
To summarise the position and methodology of the work, the ammonium chloride
salt was impregnated in an Expanded Natural Graphite (ENG) sheet to improve thermal
conductivity and to reduce swelling and agglomeration [24,25]. The salt in ENG—termed
a composite salt adsorbent (sorbent)—was tested using the Large Temperature Jump (LTJ)
method [25,26] to drive the chemisorption reactions. The ENG is used as a host matrix for
the adsorbent ammonium chloride salt to address poor thermal conductivity of the salt
itself, in addition to dispersing the salt through the porous structure.
Rapid heating or cooling of the sorbent in an LTJ experiment, to initiate the adsorption
or desorption reaction, respectively, imitates realistic reaction conditions of the composite
salt in a resorption heat exchanger. The measured temperature and pressure profiles
during the reaction therefore show a representative dynamic response of the salt, and the
equilibrium conditions for the reaction at different temperature and pressure conditions
can be measured. This is in comparison to experimental work conducted using Rubotherm
sorption analysis, which heats and cools the salt comparatively slowly and does not
highlight the dynamic response.
Using empirically obtained equilibrium lines from the measured temperature and
pressure data, a semi-empirical model developed by Critoph et al. [27], based on previous
published work by Mazet et al. [28], is used to define model parameters: salt active fraction;
heat transfer resistance (gap between composite and heat transferring wall); and model
constants, A’s and n’s (separate for adsorption and desorption)), which characterises the
salt performance. Using the model parameters, predictions of the practical performance of
NH4 Cl can be made and used in future models to predict the performance in a resorption
heat pump cycle.
In the subsequent sections, details of the materials, experimental methodology and
analysis methodology, used for the characterisation of the ammonium chloride composite
salt, are presented. The results and analysis section follows, drawing together the key
findings, before concluding on the suitability of the ammonium chloride salt for low
temperature salt resorption heat pump applications.
2. Methods and Materials
The LTJ method was used to analyse the performance of the NH4 Cl composite salt,
using the same configuration as detailed by Hinmers and Critoph [25]. The LTJ ‘unit-cell’
reactor is a double pipe heat exchanger (shell and tube), with the composite salt occupying
the tube side and the heat transfer fluid flowing through the shell side. The arrangement
consists of a 34 ” O.D. stainless steel tube (shell), welded with cuffs around a 12 ” O.D. stainless
steel tube (tube) to form the reactor, Figure 3.
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through the double pipe large temperature jump (LTJ) ‘unit-cell’ reactor, shown insulated in Figure

Figure 3. Cross-section through the double pipe large temperature jump (LTJ) ‘unit-cell’ reactor, shown insulated in Figure 4.
4. The composite salt samples occupy the tube side, with the heat transfer fluid (HTF) flowing around the tube in the shell
The composite salt samples occupy the tube side, with the heat transfer fluid (HTF) flowing around the tube in the shell side.
side. PTFE (polytetrafluoroethylene) sections shown are used to fill any void or ‘dead volume’ in the tube side, not occuPTFE (polytetrafluoroethylene)
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side heat transfer fluid (Huber M20.235.20, Huber, Offenburg, Germany) is
supplied from two air-cooled temperature-controlled circulator baths (Huber Ministat
240, Huber, Offenburg, Germany). The temperature ‘jump’ is generated by setting the
baths to different temperatures and controlling the flow through a pneumatically controlled valve manifold, operated using a two-way switch. The tube side (ammonia side)
connects to the experimental rig through Swagelok face seals.
Insulated sheathed Type K thermocouples are used to measure temperature, except
for the tube side wall, where a pair of grounded Type K thermocouples are used to obtain
an average wall temperature. A Danfoss AKS 32 pressure transmitter (060G2080, Danfoss,
Nordborg, Denmark), calibrated using a deadweight pressure tester, was used to monitor
the pressure in the system. All measurement devices were connected to a National Instruments (NI) CompactDAQ for data acquisition, using NI LabView (NI, Austin, US) to display and save real-time data. The thermocouples were connected using a NI 9214 thermocouple module and the pressure transducer signal through a NI 9220 analogue input module.
The prepared composite samples, see Section 2.1, were placed in the reactor and connected to the experimental rig. The complete experimental setup is shown in Figure 4 and
a schematic diagram of the rig is detailed in Appendix B, Figure A1.
The rig and reactor were evacuated, the reactor isolated and the rig expansion vessels
filled with ammonia. A separate air-cooled temperature-controlled circulator bath (Ministat 240, Huber, Offenburg, Germany) using water as the heat transfer fluid was used to
regulate the temperature of the expansion vessels through the hose wrapping seen in Figure 4. Once stable temperature and pressure conditions were reached, the reactor and the
composite samples were exposed to ammonia by opening the reactor to the expansion
vessels. A series of LTJ tests were conducted using the published equilibrium data for
Figure 4. The complete large temperature jump experimental test rig. Connections to DAQ: thermo-

Figure 4. The complete large temperature jump experimental test rig. Connections to DAQ: thermocouple cables, green and pressure transducer, blue.
couple cables, green and pressure transducer, blue.

2.1. Composite Material Preparation
The composite material is an ammonium chloride salt (method applicable to other
salts) impregnated in an ENG sheet (SIGRATHERM® Graphite Lightweight Board,
ECOPHIT® L10/1500, SGL Carbon, Wiesbaden, Germany), 10 mm thick, 1500 g/m2 area
weight and a density of 150 kg/m3. The sheet is cut into disks that fit into the ½’’ I.D. tube
side bore using a waterjet cutter. Each of the disks are dried and a 1 mm hole drilled
through the centre. The central hole allows the composite sample centre temperature to
be measured during the chemisorption reaction using a stainless steel sheathed thermo-
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The shell side heat transfer fluid (Huber M20.235.20, Huber, Offenburg, Germany) is
supplied from two air-cooled temperature-controlled circulator baths (Huber Ministat 240,
Huber, Offenburg, Germany). The temperature ‘jump’ is generated by setting the baths to
different temperatures and controlling the flow through a pneumatically controlled valve
manifold, operated using a two-way switch. The tube side (ammonia side) connects to the
experimental rig through Swagelok face seals.
Insulated sheathed Type K thermocouples are used to measure temperature, except
for the tube side wall, where a pair of grounded Type K thermocouples are used to
obtain an average wall temperature. A Danfoss AKS 32 pressure transmitter (060G2080,
Danfoss, Nordborg, Denmark), calibrated using a deadweight pressure tester, was used to
monitor the pressure in the system. All measurement devices were connected to a National
Instruments (NI) CompactDAQ for data acquisition, using NI LabView (NI, Austin, US)
to display and save real-time data. The thermocouples were connected using a NI 9214
thermocouple module and the pressure transducer signal through a NI 9220 analogue
input module.
The prepared composite samples, see Section 2.1, were placed in the reactor and
connected to the experimental rig. The complete experimental setup is shown in Figure 4
and a schematic diagram of the rig is detailed in Appendix B, Figure A1.
The rig and reactor were evacuated, the reactor isolated and the rig expansion vessels
filled with ammonia. A separate air-cooled temperature-controlled circulator bath (Ministat
240, Huber, Offenburg, Germany) using water as the heat transfer fluid was used to regulate
the temperature of the expansion vessels through the hose wrapping seen in Figure 4. Once
stable temperature and pressure conditions were reached, the reactor and the composite
samples were exposed to ammonia by opening the reactor to the expansion vessels. A
series of LTJ tests were conducted using the published equilibrium data for NH4 Cl from An
et al. [3] as a guide to observe the phase change at different pressures in the range 0.5–8 bar.
2.1. Composite Material Preparation
The composite material is an ammonium chloride salt (method applicable to other salts)
impregnated in an ENG sheet (SIGRATHERM® Graphite Lightweight Board, ECOPHIT®
L10/1500, SGL Carbon, Wiesbaden, Germany), 10 mm thick, 1500 g/m2 area weight and
a density of 150 kg/m3 . The sheet is cut into disks that fit into the 12 ” I.D. tube side bore
using a waterjet cutter. Each of the disks are dried and a 1 mm hole drilled through the
centre. The central hole allows the composite sample centre temperature to be measured
during the chemisorption reaction using a stainless steel sheathed thermocouple. The PTFE
sections, Figure 3, were also manufactured with a central hole drilled for gas transport and
to be able to access the samples with a thermocouple.
Five disks are used in the reactor and all are dried in an oven (ED-S 56, Binder,
Tuttlingen, Germany) for 30 min at 150 ◦ C. A solution of ammonium chloride was produced
on a mixing plate (Stuart heat-stir US152, Cole Palmer, Stone, UK) into which the dried
samples were submerged and then placed under vacuum for 24 h. The samples were then
removed from the solution and placed in an oven at 200 ◦ C for 1 h to evaporate water from
the samples resulting in the composite salt [25].
The mass of the dried ENG disks and the mass of the dried composite samples were
measured immediately after removal from the oven and an uptake of salt calculated.
Salt uptake into the composite samples is determined from the strength of the salt
solution. For the set of experiments reported in this article, two ‘full’ concentrated composite samples and one set of ‘half’ (reduced concentration) samples were produced using
≥99.5% ACS grade ammonium chloride. In the first ‘full’ concentrated sample set, 7.48 g
of salt in 25.09 g of water, gave an uptake of 0.435 g (ENG mass = 0.648 g; salt-to-ENG ratio
= 0.67); in the second ‘full’ sample set, 9.29 g of salt in 25.23 g of water, lead to an uptake
of 0.471 g (ENG mass = 0.666 g; salt-to-ENG ratio = 0.71); for the final ‘half’ concentrated
samples, 4.71 g of salt in 25.46 g of water, gave an uptake of 0.188 g (ENG mass = 0.648 g;
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uptake of 0.471 g (ENG mass = 0.666 g; salt-to-ENG ratio = 0.71); for the final ‘half’ concentrated samples, 4.71 g of salt in 25.46 g of water, gave an uptake of 0.188 g (ENG mass
= 0.648 g; salt-to-ENG ratio = 0.29). The density of ammonium chloride used in the
salt-to-ENG
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and a linear regression fitted to the data to obtain the working equilibrium lines.
The analysis method is summarised here and in Figure 6, with the resultant equilibrium line plotted and explained in Section 3.1.
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(1)
= (1 − X )n A
,
Equation (1) details the Mazet
equation [28]
dt
p on which the model is based,

−p
where: X is the advancement of the reaction
(0 to 1);n p is pthe
pEQ is the equilibrium
dX
EQ pressure;
= (1 − X ) A
,
(1)
pressure; and A and n are constants. Critoph
et al. [27] developed
the advancement model
dt
p
to a physical adsorbent ‘mass based’ model, based on the mass of adsorbate in each state
where:
X is the The
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reaction (0
toas
1);follows,
p is the pressure; pEQ is the equilibrium
during
the reaction.
main reaction
are
pressure; and A and n are constants. Critoph et al. [27] developed the advancement model
to a physical adsorbent ‘mass based’ model, based on the mass of adsorbate in each state
during the reaction. The main reaction equations are as follows,

(
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From A to B (Desorption)

(2)

From B to A (Adsorption)

(3)

where A and B refer to masses of adsorbent associated with A mols and B mols of adsorbed
ammonia, respectively; for ammonium chloride which reacts as 3 NH3 /.0 NH3 , A = 3,
B = 0. pEQ for Equations (1)–(3) is calculated from the Clapeyron equation:
ln( p EQ ) = −

∆H
∆S
+
,
R0 T
R0

(4)

where: ∆H is the reaction enthalpy change (J/mol); ∆S is the reaction entropy change
(J/(mol·K)); R0 is the universal gas constant, 8.413 (J/(mol·K)); and T is the temperature (K).
Note that an assumption of the derivation of the Clapeyron equation is that the processes
are reversible. This implies that if (irreversible) hysteresis is present the reaction enthalpy
cannot be calculated accurately from the slope of the non-equilibrium line.
To model the composite salt samples, a one-dimensional radial finite volume model
was developed, discretising the composite samples radially and defining the tube side wall
temperature (experimentally measured) as a boundary condition to the first radial element.
Each volume is treated as a lumped parameter with heat flows across the control volume
boundary and enthalpy flows from the chemisorption reaction.
Critoph et al. [27,32] and Atkinson et al. [33] detail the heat transfer model using an
unsteady application of the first law for each control volume. The heat transfer model
considers changes in internal energy of the ENG, salt, adsorbate and gas within the control
volume, as well as considering the enthalpy flows of the masses of gas adsorbate entering
or leaving each control volume. The equations for heat transfer during adsorption and
desorption are not repeated for succinctness, refer to [27,33] for details.
Hinmers and Critoph [25] explain the iterative process of the model. To summarise,
an equal pressure rise (or drop) is assumed across all control volumes in a small time-step,
with knowledge of the heat flows into/out of each volume and the kinetic equation, the
temperature change of each control volume can be calculated and a corresponding quantity
of sensible heating, or adsorption/desorption of ammonia can be determined. Heat and
mass balance equations are used to check continuity.
The model requires the identification of five parameters to match the model output to
the experimentally observed data. These are the: thermal conductivity of ENG; wall heat
transfer coefficient (characterised by an ammonia gas gap between the tube side wall and
composite sample); fraction of salt accessible to gas (active fraction); and the two reaction
rate constants (A and n), Equations (2) and (3), which are different for adsorption and
desorption. To test the validity of the obtained constants, the data are matched across the
experimental pressure range and for different temperature jumps at the same pressure.
For modelling purposes, five nodes were simulated and a time step of between 0.001
and 0.05 s ensured model stability.
3. Results and Discussion
3.1. Equilibrium Lines
For each experimental dataset in adsorption and desorption, an equilibrium data point
was recorded, and a scatter graph plotted. For the three sample sets (2 × ‘full’ and 1 ×
‘half’) tested, the data correlated well across the range of temperatures and pressures tested
with no hysteresis present, contrary to previously published hysteresis bands [34]. All
three adsorption and desorption data sets are plotted as a single series, adsorption with the
black and orange markers (•) and desorption with black and blue () markers, Figure 7.
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Figure 7. Scatter graph for all data points for adsorption (black and orange circles) and desorption
(black and blue diamonds) across all sample sets tested. A linear regression line (dotted line) is
plotted through the complete data set; a fit of 0.99 indicates a strong positive correlation and the
resulting line of best fit equation is displayed.
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dicating the heat of reaction has been correctly measured. The percentage differences in
the gradient from Furrer [36], An et al. [3] and Oliveria et al. [34] are within 11%.
The calculated enthalpy and entropy values for the single experimental line are
29,835 J/mol and 207 J/(mol∙K), respectively.
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3.2. Large Temperature Jump (LTJ) Modelling Results

Figure 8. Plot of Pressure (0.5 to 20 bar) vs. −1000/Temperature showing the ammonia liquid/vapour
line, a single reported line from An et al. [3] a, Oliveira et al. [34] adsorption and desorption lines b
and this work from Figure 7 c.
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As reported by Hinmers and Critoph [25], Figure 11b and Figure 12b show a ‘supersaturated’ state, where the temperature of the composite sample exceeds equilibrium, before returning to the observed isothermal phase change temperature. Although the characteristic is seen in results across the pressure range, the ability of the model to predict the
onset is not affected and provides confidence in the model outputs.
The characteristic is not as clearly observed in the adsorption reactions, Figure 11a
and Figure 12a.
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In adsorption, the pressure profile model match is very good across the tested pressure
range and the temperature profile match is representative and indicative of the varying
temperature within the composite samples.
For desorption, as with adsorption, the pressure profile match is very good across the
tested pressure range and the temperature profile is again representative of the sample
under test. Although there is a deviation in the temperature profile during the initial
s 2021, 14, x FOR PEER REVIEW
15 of 21
temperature change (rise or fall) towards the isothermal phase change, the remaining
temperature profile, in particular following the isothermal phase change, matches well to
the experimental data.
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domestic heating systems.
For desorption at low (ambient) temperature, during the low-pressure phase, results
from experiment and simulation show that ammonium chloride can achieve fast desorption cycles (10 min) at desorption driving temperatures of 5–10 °C during tests at 1 bar.
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For desorption at low (ambient) temperature, during the low-pressure phase, results
from experiment and simulation show that ammonium chloride can achieve fast desorption
cycles (10 min) at desorption driving temperatures of 5–10 ◦ C during tests at 1 bar. To
achieve the same desorption conditions with BaCl2 , for example, a working pressure of
0.3 bar (negative pressure system) is necessary.
Positive pressure systems are more resilient, in that small outward leaks do not
necessarily lead to immediate lack of function, whereas inward leaks of air (in negative
pressure systems) result in rapid reductions in performance. Additionally, a higher working
pressure can reduce any mass transfer issues.
Therefore, ammonium chloride should be considered as a promising candidate for
the LTS in a resorption heat pump configuration; particularly when considering the lowpressure phase desorption cycle for which ambient heat conditions are exploited.
4. Further Work
Further work is required to understand in detail the structural changes of the salt as lowpressure tests are approached and whether there is any potential impact on performance.
Additionally, competing candidate LTSs should be characterised, e.g., barium chloride
and sodium bromide (excluding lead chloride because of hazards with the salt). Characterisation of all three salts will enable a comprehensive understanding of the performance of
LTS salt candidates, and an informed decision can be made on the selection of the LTS in a
proof-of-concept resorption machine.
5. Conclusions
Large Temperature Jump (LTJ) experiments have been successfully completed over
a range of pressures on an ammonium chloride-ENG salt composite adsorbent, using
ammonia as the adsorbate. Temperature and pressure conditions imposed on the composite
salt are representative of full-scale applications and the test results have enabled refinement
of the working equilibrium line, with reaction enthalpy and entropy values of 29,835 J/mol
and 207 J/(mol·K), respectively.
Although mass transfer concerns are prevalent with higher salt loading, tests with a
designed lower uptake were analysed. After identifying the active fraction as 0.98 and the
reaction constants, A and n, for adsorption as 4.5 and 5, respectively, and for desorption 5
and 4, respectively, the model was able to successfully match the temperature and pressure
profiles over the range of pressure tests (and temperature jumps) conducted.
The results provide confidence in being able to predict the performance of ammonium
chloride as a LTS in a resorption system and further work will look to assess other possible
candidates and build towards the manufacture of a proof-of-concept resorption machine.
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Salt
NH3 L/V
NH4Cl (3-0)
NaBr (5.25-0)
PbCl2 (8-3.25)
BaCl2 (8-0)
CaCl2 (8-4)
SrCl2 (8-1)
CaCl2 (4-2)
MnCl2 (6-2)
FeCl2 (6-2)

M.W./(g/mol)Salt
17.03
NH3 L/V
53.49
NH4 Cl (3-0)
102.89
NaBr (5.25-0)
278.11
PbCl (8-3.25)
208.232
BaCl2 (8-0)
110.98
CaCl2 (8-4)
158.53
SrCl2 (8-1)
CaCl2 (4-2)
110.98
MnCl2 (6-2)
125.84
FeCl2 (6-2)
126.75

ReactionM.W./(g/mol)
Heat (ΔH)/(J/mol)
22,863
17.03
29,433
53.49
30,491
102.89
34,317
278.11
37,665
208.23
41,013
110.98
41,431
158.53
110.98
42,268
125.84
47,416
126.75
51,266

Reaction
Heat
Reaction Entropy
Reaction
Entropy (ΔS)/(J/(mol∙K))
(∆H)/(J/mol)
(∆S)/(J/(mol·K))
191.6
22,863
191.6
207.9
29,433
207.9
208.8
30,491
208.8
223.6
34,317
223.6
227.3
37,665
227.3
230.3
41,013
230.3
228.8
41,431
228.8
42,268
229.9
229.9
47,416
228.1
228.1
51,266
228.0
228.0
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