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ABSTRACT	

The	growing	global	freshwater	scarcity	demands	the	development	of	sustainable	

and	 decentralized	 water	 production	 strategies.	 Sorption-assisted	 atmospheric	

water	harvesting	(SAWH)	has	emerged	as	a	promising	approach	for	capturing	

moisture	 from	 air	 and	 generating	 clean	 water,	 irrespective	 of	 geographic	

constraints.	 	To	empower	the	sustainable	approach,	suitable	sorbent	materials	

such	 as	 hydrogels,	 metal–organic	 frameworks	 (MOFs)	 and	 their	 composite	

structures	have	gained	significant	attention	at	the	advent	of	their	unique	surface	

features	 like	 tunable	 porosity,	 high	 surface	 area,	 stimuli-responsiveness,	 and	

absorption	desorption	channels	through	functional	sites.	In	chapter	2,	we	have	

presented	a	composite	sorbent	material	consisting	of	alanine	amino	acid-based	

hydrogel	and	Al	MOF.	Stressing	upon	the	fine-tuning	of	two	individual	sorbents,	

we	designed	several	hydrogel-MOF	composites	and	optimized	the	concentration	

of	 Al-MOF	 with	 7.5	 wt	 %	 of	 0.5AHN	 with	 the	 best	 water	 uptake,	 moisture	

sorption,	and	desalination	efficiency.	The	synergistic	combination	of	inherently	

zwitterionic	amino	acid-based	hydrogels	with	MOF	opened	up	extended	water	

uptake	 channels	 for	 the	 overall	 composite.	 As	 a	 result	 of	 such	 irreversible	

interaction,	0.5AHN_AlM(7.5)	exhibited	the	highest	sorption	capacity	of	2.21	g	g-

1	 at	 90%	 RH,	 whereas	 0.26	 and	 0.47	 g	 g–1	 moisture	 uptake	 was	 measured	 at	

humidity	 levels	 of	 40%	 RH	 and	 60%	 RH,	 respectively.	 Moreover,	 with	 an	

evaporation	 rate	 of	 0.79	 kg	m-2	 h-1,	 3.4	 g	 of	 saline	 water	 was	 converted	 into	

freshwater	 within	 3.5	 h	 of	 solar	 irradiation	 to	 demonstrate	 its	 desalination	

efficiency.	Building	on	this	work,	in	chapter	3,	a	super-hygroscopic	composite	gel	

was	 developed	 using	 valine,	 2-hydroxyethyl	 methacrylate	 (HEMA),	 and	 N-

isopropyl	 acrylamide	 (NIPAM)-based	 thermoresponsive	 hydrogel,	 integrated	

with	NH₂-MIL-53(Al)	MOF	and	hygroscopic	CaCl₂	salt.	The	composite	leverages	

the	 synergistic	 hygroscopic	 properties	 of	 its	 components,	 achieving	 a	 water	

generation	capacity	of	4.48	g	g-1	at	25	°C	at	90%	humidity.	The	molecular	level	

integration	of	 the	MOF's	photothermal	 activity	 along	with	 thermo-responsive	

PNIPAM	 polymer,	 which	 exhibits	 a	 reversible	 hydrophilic	 and	 hydrophobic	

phase	 transition,	 enables	 efficient	 photo-thermal	 responsiveness,	 resulting	 in	
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complete	water	release	within	30	min.	The	porous	architecture	and	hygroscopic	

design	 facilitate	 efficient	 moisture	 capture,	 in	 situ	 water	 liquefaction,	 and	

effective	 water	 storage	 and	 release	 under	 varying	 weather	 conditions.	

Furthermore,	the	material	exhibits	promising	desalination	performance	with	an	

evaporation	rate	of	2.98	kg	m-2h-1.	This	study	not	only	addresses	water	scarcity	

but	 also	 highlights	 the	 potential	 for	 developing	 advanced	 porous	 composite	

materials	for	AWH	and	broader	environmental	applications.	To	further	expand	

the	 application	 potential,	 in	 chapter	 4,	 a	 bimetallic	 Cr/Al	MOF	 (BMOF)	was	

incorporated	into	the	thermoresponsive	valine-HEMA-NIPAM	hydrogel	system,	

along	 with	 CaCl₂	 salt,	 resulting	 in	 a	 multifunctional	 composite	

(VHN_(CrdAl)M/CaCl₂).	 This	 material	 combined	 the	 high	 surface	 area	 and	

hydrophilicity	of	BMOF,	the	swelling–deswelling	behavior	of	the	hydrogel,	and	

the	 hygroscopic	 nature	 of	 CaCl₂.	 The	 composite	 exhibited	 outstanding	

atmospheric	water	sorption	under	90%	RH,	with	a	capacity	of	4.9	g	g⁻¹.	Upon	

solar	 exposure	 (1	 kW	 m⁻²),	 the	 material	 rapidly	 heated	 to	 ~46 °C	 within	 2	

minutes,	enabling	fast	water	desorption	at	a	rate	of	0.8	g	g⁻¹	h⁻¹.	The	composite	

maintained	 stable	 performance	 across	 multiple	 sorption–desorption	 cycles,	

indicating	excellent	reusability.	Notably,	even	under	low	to	moderate	humidity	

conditions	(20–80%	RH),	effective	uptake	values	of	0.85,	1.01,	1.53,	and	3.04	g	g⁻¹	

were	 recorded,	 demonstrating	 adaptability	 to	 varying	 environments	 and	

practical	 applicability	 in	 real-world	 AWH	 systems.	 In	 addition	 to	 freshwater	

generation,	in	chapter	5,	we	also	explores	the	application	of	amino	acid-based	gel	

materials	 and	 membranes	 for	 oil–water	 separation.	 A	 thermoresponsive	

organogel	was	synthesized	using	amino	acid-derived	monomers	and	tested	for	

organic	solvent	and	oil	extraction.	The	organogel	showed	significant	swelling	in	

a	range	of	solvents,	with	maximum	absorption	of	~1100%	for	nonpolar	and	~850%	

for	 polar	 solvents.	 Kinetic	 studies	 revealed	 pseudo-second-order	 absorption	

behavior,	with	excellent	reusability	maintained	over	40	absorption/desorption	

cycles	and	~95%	retained	efficiency.	When	applied	as	an	organogel	membrane	

for	oil-in-water	emulsion	separation,	it	achieved	>96%	separation	efficiency	and	

a	separation	flux	of	2.4	×	10²	L	m⁻²	h⁻¹,	with	87.5%	flux	recovery	after	10	cycles.	

Its	 favorable	 porous	 morphology,	 hydrophobicity,	 resilience,	 and	 durability	
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across	 different	 aqueous	 media	 make	 it	 a	 viable	 material	 for	 environmental	

remediation.	 Overall,	 this	 thesis	 presents	 a	 strategic	 platform	 for	 developing	

multifunctional	 and	 sustainable	 materials	 for	 atmospheric	 water	 harvesting,	

desalination	and	oil–water	separation.	The	integration	of	responsive	hydrogels,	

photothermal	 and	 porous	 MOFs,	 and	 hygroscopic	 salts	 delivers	 high	

performance	across	a	broad	range	of	environmental	conditions.	These	findings	

advance	 the	 field	 of	 water	 resource	 management	 and	 demonstrate	 strong	

potential	 for	 real-world	 deployment	 in	 sustainable	 water	 and	 environmental	

technologies.	
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सारांश 

बढ़ती	वैि(क	ताजे	जल	की	कमी	सतत	और	िवक2 3ीकृत	जल	उ6ादन	रणनीितयो	ंके	िवकास	की	

मांग	करती	है।	सो@शBन-सहाियत	वायुमंडलीय	जल	संचयन	(SAWH)	एक	Gभावशाली	IिJकोण	

के	Kप	म2	उभरा	है	जो	भूगोिलक	बाधाओ	ंकी	परवाह	िकए	िबना	हवा	से	नमी	को	पकड़ने	और	

QR	जल	उ6S	करने	 के	 िलए	सTम	 है।	इस	सतत	IिJकोण	को	सशV	बनाने	 के	 िलए,	

हाइडW ोजेX,	 मेटल-ऑग[िनक	 \ेमव]B	 (MOFs)	और	इनके	स^_`ण	 जैसी	उपयुV	सोबaट	

सामिbयाँ,	उनके	अनूठे	सतही	गुणो	ंजैसे	fून	योg	पोरोिसटी,	उh	सतह	Tेiफल,	उkेजना-

Gितिlयाशीलता,	 और	 कायाBmक	 साइट्स	 के	 माoम	 से	 अवशोषण-िवमोचन	 चैनलो	ं की	

उप^qित	के	कारण,	महrपूणB	oान	आकिषBत	कर	रही	हt।	अoाय	2	म2,	हमने	एलािनन	अमीनो	

एिसड-आधाuरत	हाइडW ोजेल	और	Al	MOF	से	युV	एक	िमि`त	सोबaट	सामbी	Gvुत	की	है।	दो	

w^Vगत	सोबaट्स	की	 सूx	fूिनंग	पर	बल	 देते	yए,	हमने	कई	हाइडW ोजेल-MOF	 संयोजन	

िडज़ाइन	िकए	और	0.5AHN	के	7.5	wt	%	Al-MOF	सां3ता	के	साथ	सवB`े}	जल	bहण,	नमी	

सो@शBन	 और	 िवलवणीकरण	 दTता	 के	 िलए	 अनुकूिलत	 िकया।	 Qाभािवक	 Kप	 से	

^~वटरआयिनक	अमीनो	एिसड-आधाuरत	हाइडW ोजेX	और	MOF	का	सहयोगाmक	 संयोजन	

कुल	 िम`ण	के	 िलए	 िवvाuरत	जल	bहण	 चैनलो	ंको	खोलता	 है।	इस	तरह	की	अपuरवतBनीय	

अंतः िlया	के	पuरणामQKप,	0.5AHN_AlM(7.5)	ने	90%	RH	पर	2.21	g	g⁻¹	की	उhतम	

सो@शBन	Tमता	GदिशBत	की,	जबिक	40%	RH	और	60%	RH	आ3Bता	vरो	ंपर	lमशः 	0.26	और	

0.47	g	g⁻¹	नमी	bहण	मापा	गया।	इसके	अितuरV,	0.79	kg	m⁻²	h⁻¹	की	वा�ीकरण	दर	के	

साथ,	3.4	bाम	खारे	पानी	को	3.5	घंटे	की	सौर	िविकरण	के	भीतर	ताजे	पानी	म2	पuरवितBत	िकया	

गया	तािक	इसकी	िवलवणीकरण	दTता	GदिशBत	की	जा	सके।	इस	कायB	के	आधार	पर,	अoाय	

3	म2,	 वैलीन,	2-हाइडW ॉ]ीएिथल	मेथािlलेट	 (HEMA),	और	N-आइसोGोपाइल	एिlलामाइड	

(NIPAM)-आधाuरत	 थम�-Gितिlयाशील	 हाइडW ोजेल	 का	 उपयोग	 करके	 एक	 सुपर-

हाइbो�ोिपक	 संयोिजत	 जेल	 िवकिसत	 िकया	 गया,	 िजसे	 NH₂-MIL-53(Al)	 MOF	और	

हाइbो�ोिपक	CaCl₂	लवण	के	साथ	एकीकृत	िकया	गया।	यह	िम`ण	अपनी	संघटक	सामिbयो	ं

की	सहयोगाmक	हाइbो�ोिपक	गुणो	ंका	लाभ	उठाता	है,	और	25°C	पर	90%	आ3Bता	म2	4.48	

g	g⁻¹	की	जल	उ6ादन	Tमता	Gा�	करता	है।	MOF	की	फोटोथमBल	गितिविध	और	PNIPAM	

पॉिलमर	की	 uरविसBबल	 हाइडW ोिफिलक	और	 हाइडW ोफोिबक	चरण	 संlमण	को	जोड़ने	 वाला	

आणिवक	vर	का	एकीकरण	कुशल	फोटो-थमBल	Gितिlयाशीलता	को	सTम	करता	है,	िजससे	
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30	िमनट	के	भीतर	पूणB	जल	िवमोचन	होता	है।	स^R3	वाvुकला	और	हाइbो�ोिपक	िडज़ाइन	

Gभावी	नमी	पकड़ने,	qल	पर	जल	3वीकरण,	और	िविभS	मौसम	^qितयो	ंके	तहत	कुशल	जल	

भंडारण	एवं	िवमोचन	को	सुिवधाजनक	बनाते	हt।	इसके	अितuरV,	यह	सामbी	2.98	kg	m⁻²	

h⁻¹	की	वा�ीकरण	दर	के	साथ	Gभावशाली	िवलवणीकरण	GदशBन	भी	GदिशBत	करती	है।	यह	

अoयन	न	केवल	जल	 संकट	को	 संबोिधत	करता	 है,	ब^�	AWH	और	wापक	पयाBवरणीय	

अनुGयोगो	ंके	 िलए	उSत	स^R3	संयोिजत	सामिbयो	ंके	 िवकास	की	संभावना	को	भी	उजागर	

करता	है।	अनुGयोग	संभावनाओ	ंको	और	अिधक	िवvाuरत	करने	के	िलए,	अoाय	4	म2,	थम�-

Gितिlयाशील	 वैलीन-HEMA-NIPAM	 हाइडW ोजेल	 Gणाली	 म2	 ि�धा^rक	 Cr/Al	 MOF	

(BMOF)	 को	 CaCl₂	 लवण	 के	 साथ	 शािमल	 िकया	 गया,	 िजसके	 पuरणामQKप	 एक	

बyिlयाशील	िम`ण	(VHN_(CrdAl)M/CaCl₂)	Gा�	yआ।	इस	सामbी	म2	BMOF	की	उh	

सतह	 Tेi	और	हाइडW ोिफिलिसटी,	हाइडW ोजेल	का	 सूजन-िसकुड़न	wवहार,	और	 CaCl₂	की	

हाइbो�ोिपक	Gकृित	स^_िलत	है।	इस	िम`ण	ने	90%	RH	पर	4.9	g	g⁻¹	की	Tमता	के	साथ	

उ�ृJ	वायुमंडलीय	जल	सो@शBन	GदिशBत	िकया।	सौर	िविकरण	(1	kW	m⁻²)	के	तहत,	यह	सामbी	

2	िमनट	के	भीतर	~46 °C	तक	तेजी	से	गमB	yई,	िजससे	0.8	g	g⁻¹	h⁻¹	की	दर	से	तेज	जल	िवमोचन	

संभव	yआ।	यह	िम`ण	कई	सो@शBन–िडसॉ@शBन	चlो	ंम2	^qर	GदशBन	बनाए	रखता	है,	जो	इसकी	

उ�ृJ	पुनः Gयो�ता	को	दशाBता	है।	िवशेष	Kप	से,	िन�	से	मoम	आ3Bता	^qितयो	ं(20–80%	

RH)	म2	भी	lमशः 	0.85,	1.01,	1.53,	और	3.04	g	g⁻¹	के	Gभावी	bहण	मान	दजB	िकए	गए,	जो	

िविभS	पयाBवरणो	ंम2	अनुकूलनशीलता	और	वाvिवक	 िव(	 AWH	Gणािलयो	ंम2	wावहाuरक	

उपयोिगता	को	दशाBते	हt।	ताजे	जल	उ6ादन	के	अितuरV,	अoाय	 5	म2,	हमने	ऑयल-वाटर	

पृथ�रण	के	 िलए	अमीनो	एिसड-आधाuरत	 जेल	सामbी	और	 िझ^�यो	ंके	अनुGयोग	का	भी	

अ�ेषण	 िकया।	एक	थम�-Gितिlयाशील	ऑग[नोजेल	को	अमीनो	एिसड-wु6S	मोनॉमसB	का	

उपयोग	करके	सं�ेिषत	िकया	गया	और	काबBिनक	सॉ�2ट्स	और	तेल	िन�षBण	के	िलए	परीTण	

िकया	गया।	ऑग[नोजेल	ने	 िविभS	सॉ�2ट्स	(डाइइले^�Wक	 ^qरांक	2.25–46.7)	म2	महrपूणB	

सूजन	िदखाई,	िजसम2	गैर-�ुवीय	सॉ�2ट्स	के	िलए	अिधकतम	~1100%	और	�ुवीय	सॉ�2ट्स	के	

िलए	~850%	अवशोषण	yआ।	गितज	अoयन	ने	ि�तीय-आदेश	सोखने	के	wवहार	को	दशाBया,	

िजसम2	40	अवशोषण/िडसॉ@शBन	चlो	ंम2	उ�ृJ	पुनः Gयो�ता	और	~95%	की	बनी	yई	दTता	

पाई	गई।	जब	 तेल-इन-वाटर	इम�शन	 पृथ�रण	के	 िलए	ऑग[नोजेल	 िझ�ी	के	Kप	म2	लागू	

िकया	गया,	तो	इसने	>96%	पृथ�रण	दTता	और	2.4	×	10²	L	m⁻²	h⁻¹	का	पृथ�रण	�]	

Gा�	िकया,	तथा	10	चlो	ंके	बाद	87.5%	�]	पुनः Gा^�	हािसल	की।	इसकी	अनुकूल	स^R3	
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संरचना,	 हाइडW ोफोिबिसटी,	 लचीलापन,	 और	 िविभS	 जलीय	 मीिडया	 म2	 िटकाऊपन	 इसे	

पयाBवरणीय	उपचार	 के	 िलए	एक	wवहायB	सामbी	बनाते	हt।	समb	Kप	 से,	यह	शोध	Gबंध	

वायुमंडलीय	जल	संचयन,	िवलवणीकरण,	और	तेल–जल	पृथ�रण	के	िलए	बyिlयाशील	और	

सतत	 सामिbयो	ं के	 िवकास	 के	 िलए	 एक	 रणनीितक	 मंच	 Gvुत	करता	 है।	 Gितिlयाशील	

हाइडW ोजेX,	फोटोथमBल	और	स^R3	MOFs,	और	हाइbो�ोिपक	लवणो	ंका	एकीकरण	िविभS	

पयाBवरणीय	पuर^qितयो	ंम2	उh	GदशBन	Gदान	करता	है।	ये	िन�षB	जल	संसाधन	Gबंधन	के	Tेi	

को	आगे	बढ़ाते	हt	और	सतत	जल	एवं	पयाBवरणीय	Gौ�ोिगिकयो	ंम2	वाvिवक	दुिनया	की	तैनाती	

की	Gबल	संभावनाएं	GदिशBत	करते	हt।	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



	x	

Table	of	Contents	

CERTIFICATE .............................................................................................. i 

ACKNOWLEDGEMENTS ............................................................................. ii 

ABSTRACT ............................................................................................... iv 

LIST OF FIGURES ...................................................................................... xv 

LIST OF TABLES ................................................................................... xxviii 

LIST OF ABBRIVIATIONS .......................................................................... xxx 

List of Symbols .................................................................................... xxxii 

CHAPTER 1: INTRODUCTION, LITERATURE REVIEW, MOTIVATION AND 

OBJECTIVES ........................................................................................... 1 

1.1. Water Scarcity .............................................................................................................. 2 
1.1.1. Physical water scarcity ........................................................................................... 2 
1.1.2. Economic water scarcity ......................................................................................... 3 

1.2. Technological advances to fight water scarcity .............................................................. 4 
1.2.1. Traditional methods ............................................................................................... 4 
1.2.2. Cutting edge methods ............................................................................................ 6 

1.3. Atmospheric Water Harvesting (AWH) ........................................................................... 6 

1.4. Fundamentals of Atmospheric Water Harvesting (AWH) ................................................. 8 

1.5. AWH at saturated humidity ........................................................................................... 9 
1.5.1. Saturated fog harvesting ......................................................................................... 9 
1.5.2. Saturated dew harvesting ..................................................................................... 15 

1.6. Water harvesting at unsaturated humidity .................................................................... 18 
1.6.1. Sorption-based solar-driven water harvesters ........................................................ 18 
1.6.2. Conventional hygroscopic desiccant materials ...................................................... 19 
1.6.3. Metal-organic framework ...................................................................................... 20 
1.6.4. Polymeric gels ...................................................................................................... 23 

1.7. Novel composites ...................................................................................................... 26 

1.8. Challenges in Desiccant-Based AWH Systems and Possible Solutions .......................... 30 



	xi	

1.8.1. Solar-driven AWH ................................................................................................. 30 
1.8.2. Regeneration temperature and techno-economic cost .......................................... 31 

1.8.3. Durability and cost .................................................................................................. 32 

1.9. Techno-Economic Analysis (TEA) of AWH technologies ................................................ 36 

1.10. Other technologies for freshwater production ............................................................ 39 
1.10.1. Desalination using solar evaporator .................................................................... 39 
1.10.2. Organogel composite membrane for Oil/Water separation ................................... 41 

1.11. Key questions ........................................................................................................... 42 

1.12. Objectives of the thesis ............................................................................................. 43 

1.13. Format of the thesis .................................................................................................. 43 

CHAPTER 2: AMINO-ACID BASED THERMO-RESPONSIVE 
HYDROGEL/MOF COMPOSITE FOR ENHANCED ATMOSPHERIC WATER 
HARVESTING AND SOLAR DESALINATION .......................................... 46 

2.1. Introduction ............................................................................................................... 47 

2.2. Materials and Methods ............................................................................................... 49 
2.2.1. Materials .............................................................................................................. 49 
2.2.2. Synthesis of Boc-Ala-HEMA monomer ................................................................... 50 
2.2.3. Room-temperature synthesis of MOFs .................................................................. 50 
2.2.4. Hydrogel preparation ............................................................................................ 51 
2.2.5. Synthesis of MOF/hydrogel Composite .................................................................. 51 
2.2.6. Characterizations ................................................................................................. 52 
2.2.7. Water and moisture sorption studies ..................................................................... 52 
2.2.8. Swelling kinetics of the hydrogel/MOF composite .................................................. 53 
2.2.9. Humidity Chamber setup and sample preparation ................................................. 54 
2.2.10. Selection of monomer and hydrogel .................................................................... 55 
2.2.11. Selection of MOF ................................................................................................ 55 

2.3. Results and discussions ............................................................................................. 57 
2.3.1. Synthesis of hydrogel-MOF composites ................................................................. 57 
2.3.2. Monomer characterization .................................................................................... 59 
2.3.3. Hydrogel characterization ..................................................................................... 60 
2.3.4. MOF characterization ........................................................................................... 61 
2.3.5. Characterization of hydrogels and hydrogel/MOF composites ................................ 62 
2.3.3. Water sorption studies ......................................................................................... 65 
2.3.4. Moisture sorption studies ..................................................................................... 68 



	xii	

2.4. Desalination using hydrogel/MOF solar evaporator ...................................................... 77 
2.4.1. Preparation of hydrogel/MOF solar evaporator ....................................................... 77 
2.4.2. Desalination using hydrogel/MOF solar evaporator ................................................ 78 

2.5. Conclusions ............................................................................................................... 81 

CHAPTER 3: SYNERGISTIC SUPER-HYGROSCOPIC COMPOSITE GEL 
FOR ENHANCED ATMOSPHERIC WATER HARVESTING AND 
DESALINATION APPLICATIONS ............................................................ 82 

3.1. Introduction ............................................................................................................... 83 

3.2. Experimental Section .................................................................................................. 85 
3.2.1. Materials .............................................................................................................. 85 
3.2.2. Synthesis of the Boc-Val-HEMA Monomer ............................................................. 85 
3.2.3. Hydrogel preparation ............................................................................................ 86 
3.2.4. Room-Temperature Synthesis of MOFs ................................................................. 88 
3.2.5. Synthesis of the Hydrogel-MOF/CaCl2 Composite .................................................. 90 
3.2.6. Characterizations ................................................................................................. 90 
3.2.7. Water and Moisture Sorption Studies .................................................................... 91 
3.2.8. Sorption and Desorption Studies in Humidity Chamber .......................................... 92 
3.2.9. Solar Desalination Study ....................................................................................... 93 

3.3. Results and Discussion .............................................................................................. 93 
3.3.1. Synthesis and Characterization of Composites ...................................................... 93 
3.3.2. Water and Moisture Sorption Studies .................................................................... 96 
3.3.3. Moisture Sorption Studies ................................................................................... 101 

3.4. Solar-driven desalination studies .............................................................................. 109 

3.5. Conclusions ............................................................................................................. 111 

CHAPTER 4: PHOTOTHERMAL-RESPONSIVE Cr/Al BIMETALLIC MOF–
HYDROGEL@CaCl₂ COMPOSITE FOR ENHANCED ATMOSPHERIC 
MOISTURE SORPTION AND WATER RELEASE ................................... 113 

4.1. Introduction ............................................................................................................. 114 

4.2. Experimental ............................................................................................................ 118 
4.2.1. Materials ............................................................................................................ 118 
4.2.2. Boc-Valine-HEMA Monomer Synthesis ................................................................ 118 
4.2.3. Synthesis of bimetallic MOFs .............................................................................. 119 
4.2.3. Preparation of Hydrogel@BMOF/CaCl2 composite ............................................... 120 



	xiii	

4.2.4. Characterizations ............................................................................................... 120 
4.2.5. Moisture sorption studies ................................................................................... 121 
4.2.6. Selection of BMOF .............................................................................................. 122 
4.2.7. Photothermal activity of the BMOF ...................................................................... 124 
4.2.8. Sorption and Desorption Studies in Humidity Chamber ........................................ 126 
4.2.9. Sorption Kinetics of Hydrogel@BMOF/CaCl2 Composite ...................................... 127 
4.2.10. Water Desorption or Evaporation Studies .......................................................... 128 
4.2.11. Sorption Studies in Outdoor Conditions ............................................................. 128 

4.3. Results and discussion ............................................................................................. 129 
4.3.1. Synthesis and structural characterizations of composites .................................... 129 
4.3.2. Moisture sorption studies ................................................................................... 139 

4.4. Conclusions ............................................................................................................. 154 

CHAPTER 5: REUSABLE AMINO ACID/ N-ISOPROPYL ACRYLAMIDE 
BASED ORGANOGELS AND ORGANOGEL MEMBRANE FOR EFFICIENT 
OIL AND SOLVENT REMOVAL FROM WATER ..................................... 155 

5.1. Introduction ............................................................................................................. 156 

5.2. Experimental ............................................................................................................ 158 
5.2.1. Material ............................................................................................................. 158 
5.2.2. Preparation of Amino acid/NIPAM Organogel ....................................................... 159 
5.2.3. Oil-water separator organogel membrane ........................................................... 159 
5.2.4. Characterizations ............................................................................................... 160 
5.2.5. Swelling test ....................................................................................................... 160 
5.2.6. Oil absorption studies ........................................................................................ 161 
5.2.6.1. Oil absorption kinetic studies ........................................................................... 161 
5.2.7. Determination of porosity of organogel membrane .............................................. 163 
5.2.8. Cost-effectiveness Analysis ................................................................................ 164 
5.2.8. Flux, rejection, and flux recovery studies ............................................................. 164 

5.3. Results and discussion ............................................................................................. 166 
5.3.1. Synthesis of organogels ...................................................................................... 166 
5.3.2. Characterization of amino acid monomer and organogel ...................................... 167 
5.3.3. Solvent absorption studies ................................................................................. 171 
5.3.4. Oil absorption, cyclability, and oil-water separation studies ................................. 178 
5.3.5. Oil sorption and stability of organogels at different pH ......................................... 180 
5.3.6. Organogel composite membrane for oil-water separation .................................... 181 

5.4. Conclusions ............................................................................................................. 189 



	xiv	

CHAPTER 6: TECHNO-ECONOMIC CONSIDERATIONS FOR PRACTICAL 
DEPLOYMENT, CONCLUSIONS, AND FUTURE OUTLOOK .................. 191 

6.1. Techno-economic considerations for practical deployment ....................................... 192 
6.1.1. Cost and complexities ........................................................................................ 192 
6.1.2. Long-term stability and durability ........................................................................ 193 
6.1.2. Integration of thermo-responsiveness and solar/waste heat in AWH device .......... 194 

6.2. Conclusions ............................................................................................................. 195 

6.3. Future outlook .......................................................................................................... 198 

BIBILOGRAPHY ..................................................................................... 200 

Appendix .............................................................................................. 227 

CURRICULUM VITAE: Sandeep Kumar Sahoo .......................................... 240 

	

	

	

	

	

	

	

	

	

	

	

	



	xv	

LIST	OF	FIGURES	

Figure	1.1:	(a)	Spatial	patterns	of	major	cities	situated	in	water-scarce	regions,	

with	cities	having	populations	over	 10	million	 in	2016	specifically	 labelled.	 (b)	

Global	overview	of	urban	populations	 facing	water	 scarcity.	 (c)	National-level	

distribution	 of	 water-scarce	 urban	 populations,	 highlighting	 the	 10	 countries	

with	 the	 highest	 numbers.	 (d)	 possible	 reasons	 behind	 water	 scarcity,	 	 (e)	

distribution	of	water	scarce	among	the	populations	worldwide………………………..3	

Figure	1.2:	Shows	the	Traditional	and	emerging	methods	for	addressing	water	

scarcity.	Traditional	method	includes	rainwater	harvesting	and	reservoir	storage.	

Newer	technologies	include	membrane-based	filtration,	desalination	industries,	

fog	harvesting	using	bio-inspired	collectors,	and	atmospheric	water	harvesting	

techniques…………………………………………………………………………………………………………..5	

Figure	 1.3:	 Schematic	 diagram	 illustrating	 different	 AWH	 technologies,	

including	 fog	 harvesting	 (mesh,	 surface,	 and	 directional	 collectors),	 dew	

harvesting	(condensation-based	methods),	and	sorption-based	techniques	using	

advanced	desiccant	materials	like	MOFs,	hydrogels,	and	zeolites.	Additionally,	it	

shows	the	required	properties	for	an	efficient	AWH	technology………………………...7	

Figure	1.4:	The	schematic	representation	of	the	(A)	water	capturing	mechanism	

of	the	cactus.	(B)	The	Fog	captured	by	the	Cotulla	fallax	plant	over	different	times	

where	the	fog	was	captured	on	the	tip	and	hair	of	the	leaves,	and	over	time	it	

rolled	towards	the	base	and	absorbed	on	the	stem,	(C)	Fog	collecting	behavior	of	

the	 Namib	 Desert	 beetle.	 (D)	 fog	 collection	 using	 ‘Raschel	 mesh’,	 (E)	 water	

capturing	behavior	of	the	UV-treated	Raschel	mesh.	(F)	pictorial	representation	

of	 installed	 LFC.	 (G)	 Schematic	 representation	 of	 a	 hybrid	 surface	 having	 a	

hydrophilic	bump	and	hydrophobic	 surface,	 (H)	 fog	harvesting	by	 the	hybrid	

surface,	 where	 the	 hydrophilic	 bumps	 adsorb	 the	 incoming	 fog,	 and	 the	

hydrophobic	surface	facilitates	droplet	growth	and	transport	into	a	water	storage	

tank.	 (I)	 prepared	 hybrid	 hydrophobic-hydrophilic	 surface	 of	 CuO/PDMS,	

inspired	by	the	back	surface	of	the	desert	beetles	having	a	hydrophobic	bump	



	xvi	

and	 curved	 surface,	 (J)	 replication	 of	 fog	 collection	 behavior	 of	 Eremopyrum	

orientale	plants……………………………………………….…………………………………………………11	

Figure	 1.5:	 (A)	 Pictorial	 illustration	 and	 SEM	 image	 of	 growth	 of	 aluminium	

hydroxide	 directional	 microneedles	 on	 the	 aluminium	 substrate	 at	 different	

times,	(B)	the	wettability	and	water	transportation	of	the	bare	Al	surface,	with	

nanoflakes	 and	 with	 micro	 cones/	 needles,	 (C)	 diagram	 of	 water	 harvesting	

device…..……………………………………………………………………………..…………………………….13	

Figure	 1.6:	 Schematic	 illustration	 of	 (A)	 passive/	 radiative	 water	 harvesting	

process,	(B)	a	decoupled	dew	collector	system…………………………………………………16	

Figure	1.7:	(A)	Schematic	representation	of	the	chemical	structure	of	MOF-303	

(Al	(OH)(PZDC)),	(B)	(a)	water	adsorption-desorption	isotherm	of	MOF-303	(b)	

water	uptake	and	release	cycle	of	MOF-303	at	different	RH	(20%,	30%,	40%),	(C)	

water	sorption	and	desorption	mechanism	of	MOF-303……………………….…………22	

Figure	1.8:	Water	adsorption	and	desorption	of	MOF-based	passive	and	active	

condensers	in	different	time	periods…………………………………………………………………23	

Figure	 1.9:	 (A)The	 phase	 transition	 due	 to	 the	 change	 in	 critical	 solution	

temperature	and	water	sorption	and	desorption	due	to	the	change	in	phase	from	

hydrophilic	 to	 hydrophobic	 by	 changing	 the	 temperature	 of	 the	 thermo-

responsive	hydrogels.	Schematic	illustration	of	(B)	preparation	procedure	of	IPN	

network,	(C)	moisture	capture	and	release	from	the	metal-hydrogel	composite	

network	by	varying	the	critical	solution	temperature…………………………….………..24	

Figure	1.10:	(A)	Schematic	illustration	of	water	capture	and	release	mechanism	

of	 SMAG,	 (B)	 kinetic	 study	 and	water	 capture	 and	 release	 pictures	 of	 SMAG	

(water	capture	for	50	mins	and	release	after	10	mins)..……….……………………………26	

Figure	 1.11:	 (A)	 3D	 structural	 representation	 and	 SEM	 image	 of	 the	 super	

hygroscopic	 hydrogel	 of	 Zn	 acetate	 and	 amino-alcohol	 and	 the	 desalination	

application.	(B)			Schematic	representation	of	synthesis	route	of	PML	composite	

hydrogel.	(C)	Synthetic	strategy	of	adding	the	MOFs	to	a	pre-polymer	solution	

with	 the	 required	monomers	 and	 initiators.	Gelation	gave	 the	MOF–hydrogel	



	xvii	

hybrid.	 (D)	 schematic	 representation	 of	 a	 composite	 polymeric	 hydrogel/LiCl	

composite.	..……………………………………………………………………………………………………..28	

Figure	1.12:	Schematics	of	 the	 techno-economic	assessment	process	 for	AWH	

system…………………………………………………………………….…………………………………………34	

Figure	1.13:	(A)	Key	parameters	considered	in	techno-economic	assessment.	(B)	

Water	productivity	as	a	 function	of	energy	consumption	under	different	solar	

irradiance.	(C)	Payback	period	plotted	against	the	specific	energy	consumption	

(per	liter	of	water)	and	the	total	system	cost	per	unit	area,	benchmarked	against	

bottled	water	(0.3	USD/L).	An	average	daily	solar	irradiance	of	600	W	m⁻²	for	8	

hours	is	considered	for	the	analysis…………………………………………………………………..37	

Figure	 1.14:	 Schematic	 showing	 a	 self-regenerating	 solar	 evaporator	 design,	

which	blocks	salt	deposition	on	the	surface	and	showed	better	evaporation	rate	

and	efficiency…	…………………………………….………………………………………………………….41	

Figure	 1.15:	 Schematic	 illustration	of	oil–water	 separation	using	 an	organogel	

membrane,	 showing	 the	 selective	permeation	of	oil	while	 effectively	 rejecting	

water.	 This	 approach	 enables	 efficient	 oil	 recovery	 from	 emulsions	 and	

purification	of	contaminated	water……………………..……………………………………………42	

Figure	2.1:	Moisture	sorption	of	(A)	0.5AHN,	0.5AHN_2.5%NiM,	0.5AHN_5%NiM,	

0.5AHN_7.5%NiM,	and	NiM	MOF,	respectively	from	top	to	down,	and	(B)	0.5AHN,	

0.5AHN_2.5%	 ZnM,	 0.5AHN_5%	 ZnM,	 0.5AHN_7.5%	 ZnM,	 and	 ZnM	 MOF,	

respectively	from	top	to	down……………………….…………………………………………………57	

Figure	 2.2.	 Schematic	 representation	 of	 the	 fabrication	 of	 hydrogel/MOF	

composite	 through	 physical	 mixing	 of	 pre-synthesized	 MOF	 into	 the	

hydrogel……………………………………………………………………………………………………………59	

Figure	 2.3:	 Schematic	 representation	 of	 (A)	 1H	 and	 (B)	 13C	NMR	 of	 Boc-Ala-

HEMA	monomer………………………………………………………………………………………………60	

Figure	2.4:	(A)	solid-state	NMR	of	Boc-AHN	organogel	and	AHN	hydrogel,	(B)	

ATR-FTIR	of	various	AHN	hydrogels………………………………………………….……………61	



	xviii	

Figure	 2.5:	 FESEM	 image	 of	 (A)	 0.125AHN,	 (B)	 0.25AHN,	 and	 (C)	 0.5AHN	

hydrogels..…………………………………………………………………..……………………………………62	

Figure	2.6:	(A)	FESEM	image	of	NH2-MIL-53(Al)	MOF,	and		(B)	Transmission	

Electron	Microscopy	(TEM)	image	of	NH2-MIL-53(Al).	……………………………………63	

Figure	 2.7:	 (A)	 FTIR	 spectra	 of	 the	 0.5AHN	 hydrogel,	 AlM	MOF,	 and	

0.5AHN_AlM(7.5)	 composite,	 (B)	 XRD	 spectra	 of	 simulated	 MIL-53(Al),	

AlM	MOF,	 and	0.5AHN_AlM(7.5)	 composite,	 (C)	BET	 (N2	adsorption),	 and	 (D)	

BJH	 pore	 diameter	 of	 0.5AHN	 hydrogel,	 AlM	MOF,	 and	 0.5AHN_AlM(7.5)	

composite.……………………………………………………………………..…………………………………64	

Figure	 2.8.	 FESEM	 image	 of:	 (A,	 B)	 0.5AHN	 and	 (C,	 D)	 0.5AHN_AlM(7.5)	 at	

different	 magnifications.	 (E-I)	 EDX	 mapping	 of	 0.5AHN_AlM(7.5)	 composite	

showing	 the	 distribution	 of	 different	 elements	 in	 hydrogel	 composite	

matrix…………………………………………………………………………………………………………….…65	

Figure	 2.9:	 (A,	 B)	 Water	 sorption	 and	 desorption	 behavior	 of	 the	 NIPAM,	

0.125AHN,	 0.25AHN,	 0.5AHN,	 0.75AHN	and	 1.0AHN	hydrogels	 and	 (C)	water	

sorption	 kinetics	 (t/Q	vs	t)	 of	 the	 NIPAM,	 0.125AHN,	 0.25AHN,	 0.5AHN,	

0.75AHN	 and	 1.0AHN	 hydrogels,	 (D)	 picture	 of	 a	 dry	 0.5AHN	 round-shaped	

hydrogel	sample	with	5	mm	diameter,	and	(E,	F)	swelled	hydrogel	after	5	and	25	

min,	respectively.……………………………………………………………………………….…………….66	

Figure	2.10:	(A)	Moisture	absorption	study	of	NIPAM,	0.125AHN,	0.25AHN,	and	

0.5AHN	hydrogels	until	(i)	24	h	and	(ii)	zoomed	sorption	graph	up	to	200	min,	

(B)	 desorption	 study	 of	 the	 hydrogels	 up	 to	 (i)	 120	 min	 and	 (ii)	 zoomed	

desorption	 up	 to	 40	 min,	 (C)	 comparative	 moisture	 absorption	 of	 0.5AHN,	

0.5AHN_AlM(2.5),	0.5AHN_AlM(5),	0.5AHN_AlM(7.5),	and	AlM	until	(i)	24	h	and	

(ii)	 zoomed	 sorption	 graph	 up	 to	 200	 min,	 (D)	 desorption	 of	 the	 hydrogel,	

composites,	and	MOF	up	to	(i)	120	min	and	(ii)	zoomed	desorption	up	to	40	min,	

and	(E,	F)	Sorption	kinetics	of	respective	hydrogels	and	composites……………….69	

Figure	 2.11:	 (A)	 represents	 dynamic	 moisture	 sorption	 kinetics	 of	 the	

0.5AHN_AlM(7.5)	at	various	humid	conditions	for	24	hours	and	zoomed	moisture	



	xix	

sorption	up	 to	 400	minutes,	 respectively,	 and	 (B)	 represents	 the	 comparative	

study	of	moisture	sorption	at	different	RH	conditions	after	24	hrs……………………73	

Figure	 2.12:	 (A)	 ATR-FTIR	 of	 0.5AHN_AlM(7.5)	 before	 and	 after	 exposure	 to	

moisture	 (90%	 RH	 at	 25	 °C	 for	 6	 h);	 (B)	 SEM	 image	 of	 the	 hydrogel/MOF	

composite	before	(i)	and	after	(ii)	one	cycle	of	sorption–desorption……………….74	

Figure	2.13.	Optical	 images	of	 (A)	powdered	hydrogel/MOF	composite	before	

exposure	to	moisture,	(B)	swollen	composite	after	exposure	to	moisture	for	24	h,	

and	 (C)	 swollen	composite	after	drying	at	40	 °C	 for	 12	h.	Desorption	study	of	

hydrogel:	(D)	at	room	temperature	(>30	°C),	(E)	on	a	hot	plate	at	a	temperature	

of	35	±	2	°C,	and	(F)	under	normal	solar	irradiation…………………………………………..75	

Figure	2.14.	(A)	Repeatability	and	stability	of	the	0.5AHN	hydrogel	and	its	MOF	

composite	 0.5AHN_AlM(7.5)	 under	 cyclic	 sorption–desorption	 study	 and	 (B)	

comparison	of	the	moisture	sorption	ability	of	similar	materials	reported	in	prior	

studies……..…………………………………………………………………………………………………….…76	

Figure	 2.15.	 Preparation	 method	 of	 0.5AHN_AlM(7.5)	 composite	 solar	

evaporator………………………………………………………………………………………………………..77	

Figure	 2.16.	 Schematic	 representation	 of	 (A)	 water	 transportation	 and	

evaporation	by	composite	solar	evaporator,	(B)	complete	desalination	process,	

(C)	concentration	of	primary	 ions	present	 in	the	saline	water	before	and	after	

desalination,	and	(D)	pictorial	representation	of	a	complete	cycle	of	desalination	

process	using	0.5AHN_AlM(7.5)	composite.	………………………………………………..……79	

Figure	3.1:	(a,b)	represent	the	1H	and	13C	NMR	of	Boc-Val-HEMA	monomer…....86	

Figure	3.2:	ATR-FTIR	spectra	of	0.125VHN,	0.25VHN,	and	0.5VHN	hydrogels...87	

Figure	 3.3:	 (a-c)	 FESEM	 image	 of	 0.125VHN,	 0.25VHN,	 and	 0.5VHN,	

respectively……………………………………………………………………………………………………….88	

Figure	 3.4:	 (a,b)	 represent	 FESEM	 and	 TEM	 images	 of	 NH2-MIL-53(Al).	 (c)	

showed	the	photothermal	behavior	of	the	AlM	MOF………………………………………….89		



	xx	

Figure	 3.5:	 (a)	 Schematic	 representation	of	 the	preparation	procedure	 for	 the	

hydrogel@MOF/CaCl2	composite,	 (b)	 PXRD	patterns	of	 simulated	MIL-53(Al),	

AlM,	 0.5VHN,	 and	 0.5VHN_AlM(7.5)/CaCl2.	 (c)	 FTIR	 spectra	 of	 AlM,	 0.5VHN,	

0.5VHN_AlM(7.5)	 and	 0.5VHN_AlM(7.5)/CaCl2.	 (d)	 N2	adsorption–desorption	

isotherms,	 and	 (e)	 pore	 diameter	 distribution	 for	 AlM,	 0.5VHN_AlM(7.5),	 and	

0.5VHN_AlM(7.5)/CaCl2……………………………………………………………………………………94	

Figure	 3.6:	 (a,	 b)	 FESEM	 images	 of	 the	 0.5VHN	 hydrogel	 at	 different	

magnifications.	(c,	d)	FESEM	images	of	the	0.5VHN_AlM(7.5)/CaCl2	composite	at	

different	 magnifications.	 (e)	 EDX	 mapping	 of	 the	

0.5VHN_AlM(7.5)/CaCl2	composite,	confirming	the	elemental	composition…….96	

Figure	 3.7:	 (a)	 represents	 the	 water	 sorption	 (%)	 of	 the	 NIPAM,	 0.125VHN,	

0.25VHN,	and	 0.5VHN	 hydrogels,	 respectively,	 and	 (b)	 represents	 pseudo	 2nd	

order	sorption	kinetics	of	the	NIPAM,	0.125VHN,	0.25VHN,	0.5VHN	hydrogels,	

respectively.	(c)	shows	desorption	behavior	of	the	hydrogels	after	applying	40	°C	

for	1	h,	(d)	shows	the	graphical	representation	of	equilibrium	water	sorption	(g	

g−1)	 and	 swelling	 rate	 of	 NIPAM,	 0.125VHN,	 0.25VHN,	 0.5VHN	 hydrogels,	

respectively,	(e)	representing	water	retained	(%)	of	NIPAM,	0.125VHN,	0.25VHN,	

0.5VHN	hydrogels	after	1	h…………………………………………………………………….…………98	

Figure	 3.8:	 (a)	 schematic	 representation	 of	 powdered	 hydrogel	 capturing	

moisture	at	nighttime,	(b,	c)	represent	the	sorption	and	desorption	kinetic	study	

of	the	NIPAM,	0.125VHN,	0.25VHN,	and	0.5VHN.	(d)	represents	pseudo-second	

order	sorption	kinetics	of	the	hydrogels,	(e)	represents	the	equilibrium	moisture	

sorption	 capacity	 and	 sorption	 rate	 of	 the	 hydrogels,	 and	 (f)	 represents	 the	

moisture	 retention	 percentage	 by	 the	 NIPAM,	 0.125VHN,	 0.25VHN,	 and	

0.5VHN…………………………………………………………………………………..……………………….100	

Figure	 3.9:	 (a)	 represents	 the	 moisture	 sorption	 (%)	 of	 0.5VHN,	 AlM,	

0.5VHN_AlM(2.5),	 0.5VHN_AlM(5),	 and	 0.5VHN_AlM(7.5),	 respectively.	 (b)	

represents	the	moisture	sorption	(%)	of	0.5VHN_AlM(7.5)/CaCl2	composite	w.r.t.	

0.5VHN_AlM(7.5)	 composite,	 (c)	 represents	 the	 pseudo-second-order	 sorption	



	xxi	

kinetics	and	(d)	represents	the	equilibrium	moisture	sorption	(%)	and	sorption	

rate	of	AlM,	0.5VHN,	0.5VHN_AlM(7.5),	and	0.5VHN_AlM(7.5)/CaCl2,	respectively.	

(e)	 represents	 desorption	 kinetics	 of	 the	 0.5VHN,	 AlM,	 0.5VHN_AlM(2.5),	

0.5VHN_AlM(5),	0.5VHN_AlM(7.5),	and	0.5VHN_AlM(7.5)/CaCl2,	respectively.	(f)	

shows	the	cyclability	study	of	the	0.5VHN_AlM(7.5)/CaCl2	composite	with	3	h	of	

sorption–desorption	cycle	for	10	cycles…………………………………………………………….102	

Figure	 3.10:	 a,	 b,	 c)	 represent	 XRD,	 FTIR,	 and	 FESEM	 images	 of	

0.5VHN_AlM(7.5)/CaCl2	composite	at	the	0th	and	after	the	10th	cycle………………104	

Figure	3.11:	(a,	b)	represent	moisture	sorption	of	the	0.5VHN_AlM(7.5)/CaCl2	at	

different	humidity	levels,	i.e.,	from	20-90%.	(c)	Freundlich	and	(b)	BET	sorption	

isotherm	 of	 the	 0.5VHN_AlM(7.5)/CaCl2	 at	 different	 humidity	

conditions………………………………………………………………………………………………….…..106	

Figure	3.12:	(a)	pictorial	representation	of	the	outdoor	sorption	and	cyclic	ability	

of	 0.5VHN_AlM(7.5)/CaCl2	composite,	 (b)	 represents	 the	 moisture	 sorption	

cyclability	 study	 for	 10	 days,	 (c)	 shows	 the	 moisture	 sorption	 efficiency	

comparison	 data	 with	 several	 hydrogel	 composite	 materials.	

………………………………………………………………………………………………………………………..107	

Figure	 3.13:	 (a)	 pictorial	 representation	 of	 working	 procedure	 of	 hydrogel	

composite	solar	evaporator,	(b)	repeatability	study	of	the	solar	evaporator,	(c)	

picture	of	solar	evaporator	inside	the	desiccator	and	the	freshwater	collected,	(d)	

represents	the	photothermic	image	of	the	hydrogel	composite	collected	using	IR	

camera,	(e)	metal	concentration	in	saline	water	before	and	after	desalination	(f)	

represents	the	comparison	of	the	composite's	evaporation	data	with	state-of-the-

art	materials………………………………………………………………………….…………………………110	

Figure	4.1.	(a,	b)	1H	and	13C	NMR	of	Boc-Val-HEMA	monomer………………………119	

Figure	4.2:	 (a,	b)	Moisture	sorption	ability	of	NH2-MIL-53(Cr),	and	VHN_CrM	

composite.	(c,	d)	comparative	sorption	rate	of	NH2-MIL-53(Cr)	with	NH2-MIL-

53(Al),	and	VHN_CrM	with	VHN_AlM,	respectively………………………………………...124	



	xxii	

Figure	 4.3.	 (a–e)	 Photothermal	 behaviour	 of	 NH2-MIL-53(Cr20Al)	 under	

simulated	 solar	 irradiation	 at	 different	 time	 intervals.	 (f)	 Temperature	 profile	

after	 switching	 off	 the	 light,	 indicating	 rapid	 cooling.	 (g)	 Complete	 heating-

cooling	cycle	over	240	seconds,	demonstrating	dynamic	temperature	response	

under	periodic	light	exposure.	(h)	represent	the	solid	state	UV	visible	absorbance	

spectra	of	(Cr10Al)M	and	(Cr20Al)M	BMOFs	respectively…….…………………………….125	

Figure	4.4:	 (a)	Schematic	representation	of	 the	preparation	procedure	 for	 the	

NH2-MIL-53(CrdAl),	 (b)	 FTIR	 spectra	 of	NH2-MIL-53(Al),	NH2-MIL-53(Cr10Al),	

and	NH2-MIL-53(Cr20Al).	(c)	PXRD	patterns	of	simulated	MIL-53(Al),	NH2-MIL-

53(Al),	 NH2-MIL-53(Cr10Al),	 and	 NH2-MIL-53(Cr20Al).	 (d)	 N2	adsorption-

desorption	 isotherms,	 and	 (e)	pore	diameter	distribution	 for	NH2-MIL-53(Al),	

NH2-MIL-53(Cr10Al),	and	NH2-MIL-53(Cr20Al)………………………………………………131	

Figure	4.5:	(a,	b,	c)	FESEM	micrographs	of	NH2-MIL-53(Al),	NH2-MIL-53(Cr10Al),	

and	NH2-MIL-53(Cr20Al),	 respectively.	 (d,	e)	TEM	 image	and	SAED	pattern	of	

NH2-MIL-53(Cr10Al)	and	NH2-MIL-53(Cr20Al)	BMOFs.	(f)	EDX	mapping	of	NH2-

MIL-53(Cr20Al)	BMOF.	 (g)	HRTEM	and	SAED	patterns	of	NH2-MIL-53(Cr20Al)	

BMOF………………………………………………………………………………………………………………132	

Figure	 4.6:	 (a)	 XPS	 survey	 spectra	 of	 NH2-MIL-53(Cr),	 NH2-MIL-53(Al),	 and	

NH2-MIL-53(Cr20Al).	(b,	c,	d,	e)	High-resolution	XPS	peaks	and	deconvolution	of	

C	1s,	N	1s,	Al	2p,	and	Cr	2p	of	NH2-MIL-53(Cr20Al)……………………………………..…….133	

Figure	4.7:	(a)	pictorial	representation	of	VHN_(CrdAl)M/CaCl₂	composite,	(b)	

FTIR	 spectra	 of	 0.5VHN,	 0.5VHN_AlM,	 VHN_(Cr20Al)M	 ,	 and	

VHN_(Cr20Al)M/CaCl2,	 respectively.	 (c)	 the	complete	preparation	procedure	of	

hydrogel@BMOF/CaCl2	 composite.	 (d,	 e)	 represents	 the	 FESEM	 and	 EDX	

mapping	of	VHN_(Cr10Al)M/CaCl2	and	VHN_(Cr20Al)M/CaCl2,	respectively…….135	

Figure	 4.8:	 (a)Mass	 change	 vs	 Temperature	 thermogram	 of	 VHN,	 (Cr10Al)M,	

(Cr20Al)M,	VHN_(Cr20Al)M,	and	VHN_(Cr20Al)M/CaCl2	using	Thermo	gravimetric	

analysis	(TGA).	(b)	PXRD	crystalline	pattern	of	VHN	hydrogel,	VHN_(Cr20Al)M,	

and	 VHN_(Cr20Al)M/CaCl2	 composites,	 respectively.	 (c)	 VHN	 hydrogel	 and	

composite	after	80%	compression……………………………………………………………………138	



	xxiii	

Figure	4.9:	(a)	represents	the	moisture	sorption	performance	of	the	NH2-MIL-

53(Al)	 MOF	 and	 Cr	 doped	 BMOFs,	 i.e.,	 NH2-MIL-53(Cr10Al)	 and	 NH2-MIL-

53(Cr20Al),	 respectively.	 (b)	pseudo-second	order	sorption	kinetic	study	of	 the	

NH2-MIL-53(Al)	 MOF,	 NH2-MIL-53(Cr10Al),	 NH2-MIL-53(Cr20Al)	 BMOFs	 and	

VHN_(Cr20Al)M/CaCl2	 composite.	 (c,	 d)	 represent	 a	 comparison	 study	 of	

moisture	sorption	(%)	and	moisture	sorption	rate	(g.g-1min-1)	between	VHN_AlM,	

VHN_AlM/CaCl2,	VHN_(Cr20Al)M/CaCl2	composites,	respectively.	(e)	shows	the	

graphical	representation	of	equilibrium	water	sorption	(g	g-1)	and	swelling	rate	

of	NH2-MIL-53(Al)	MOF,	NH2-MIL-53(Cr10Al),	NH2-MIL-53(Cr20Al)	BMOFs	and	

VHN_AlM/CaCl2,	 VHN_(Cr20Al)M/CaCl2	 composites,	 respectively.	 (f)	 pictorial	

representation	 of	 VHN_(Cr20Al)M/CaCl2	 composite	 before	 and	 after	 24	 h	

moisture	sorption………………………………….…………………………………………..……………140		

Figure	 4.10:	 (a)	 moisture	 desorption	 kinetic	 study	 of	 VHN_(Cr20Al)M/CaCl2	

composite	 at	 40	℃,	 50	℃,	 and	 60	℃	 temperatures.	 (b)	 Differential	 scanning	

calorimetry	thermogram	of	the	VHN_(Cr₂₀Al)M/CaCl₂	composite.	(c)	represents	

a	 complete	 sorption-desorption	 behavior	 of	 the	 VHN_(Cr₂₀Al)M/CaCl₂	

composite.	 (d)	 pictorial	 representation	 of	 photo-thermal	 behavior	 of	 the	

composite	recorded	using	an	IR	thermal	camera	under	1-solar	irradiation,	i.e.,	1.0	

kW.m-2,	(e)	surface	temperature	of	the	VHN_(Cr₂₀Al)M/CaCl₂	composite	under	a	

solar	 simulator.	 (f)	 The	 water	 desorbed	 and	 evaporation	 rate	 of	 the	

VHN_(Cr₂₀Al)M/CaCl₂	composite	as	a	function	of	time	under	a	solar	simulator.	

(g)	repeatability	study	of	the	VHN_(Cr₂₀Al)M/CaCl₂	composite.…………………….142	

Figure	4.11:	(a, b)	Porous	morphology	of	the	VHN_(Cr20Al)M/CaCl₂	composite	at	

the	0th	and	10th	sorption–desorption	cycles,	respectively,	indicating	structural	

retention	after	repeated	use.	(c)	ATR-FTIR	spectra	of	the	composite	before	and	

after	10	cycles	show	a	broad	absorption	band	beyond	3000 cm⁻¹,	corresponding	

to	 –OH	 group	 incorporation,	 likely	 due	 to	 moisture	 interaction.	 (d)	 Surface	

morphology	 of	 the	 composite	 immediately	 after	 vacuum	 drying,	 revealing	

distinct	water	desorption	channels	resembling	water-body	patterns,	confirming	

significant	water	retention	and	release.	These	results	highlight	the	composite’s	



	xxiv	

robust	 structural	 integrity	 and	 sorption–desorption	 stability	 over	 multiple	

cycles.……..……………………………………………………………………………………………………….145	

Figure	4.12:	Desorption	temperature	comparison	study	between	VHN	hydrogel,	

VHN_(Cr20Al)M	 and	 VHN_(Cr20Al)M/CaCl2	 composite	 using	 DSC	

thermogram............................................................................................................146	

Figure	4.13:		(a)	water	sorption	study	of	the	VHN_(Cr20Al)M/CaCl2	composite	at	

different	humidity	conditions.	(b)	represents	the	moisture	uptake	w.r.t.	different	

relative	 humidities.	 (c)	 comparative	 study	 between	 state-of-the-art	 sorbent	

materials’	 water	 uptake	 ability	 w.r.t.	 various	 humidity	

condition………………………………………………………………………………………………………..147	

Figure	4.14:	(a,	b)	Dynamic	and	average	humidity	and	temperature	values	for	20	

days.	 (c)	 Pictorial	 representation	 of	 the	 outdoor	 water	 uptake	 study	 of	 the	

VHN_(Cr20Al)M/CaCl2	 composite.	 (d)	 Outdoor	 water	 uptake	 study	 of	 the	

composite	for	these	20	days.……………………………………………………………………..…….150	

Figure	 4.15:	 (a)	 Photographs	 of	 VHN_(Cr20Al)M/CaCl₂	 composites	 with	 two	

different	loadings	(wt%)	placed	in	identical	Petri	dishes	for	the	moisture	sorption	

study	over	 14	h.	(b)	Moisture	sorption	(%)	as	a	 function	of	time	(min)	 for	the	

corresponding	samples……………………………………………………………………………………151	

Figure	4.16:		ICP-MS	analysis	results	of	the	collected	water.	The	concentrations	

of	Na+,	Ca2+,	Mg2+,	Al3+,	and	Cr3+	are	all	below	the	WHO	drinking	standard…..152	

Figure	4.17.	(a)	1H	NMR	data	of	collected	water	over	the	period	of	20	days	(b)	

ICP-MS	data	for	observing	metal	leaching	in	collected	water…………..…………….153	

Figure	5.1:	(A)	Synthesis	of	Boc-amino	acid-HEMA	monomer	and	preparation	of	

organogel	of	BOC-AA-HEMA	and	NIPAM,	(B)	schematic	representation	of	the	

oil/solvent	 absorption	 procedure	 by	 the	 organogel,	 and	 (C)	 schematic	

representation	of	preparation	procedure	of	 the	organogel/polyester	composite	

membrane……………………………………………………………………………………………………….168	

Figure	5.2:	(A)	1H	and	(B)	13C	NMR	of	Boc-Val-HEMA	monomer……………………169	



	xxv	

Figure	5.3:	(A)	1H	and	(B)	13C	NMR	of	Boc-Ala-HEMA	monomer……………………169	

Figure	5.4:	Solid-state	13C	NMR	of	VHN	and	AHN	organogel………………………….170	

Figure	 5.5:	 (A)	 FTIR	 spectra	 of	 AHN	 and	 VHN	 organogels	 and	 (B)	 TGA	

thermographs	 of	 AHN	 and	 VHN	 organogels.	 (C	 and	 D)	 represent	 the	 water	

contact	 angles	 of	 the	 0.5VHN	 organogel	 and	 organogel	 membrane,	

respectively……………………………………………………………………………………………………..171	

Figure	5.6:	FESEM	surface	morphology	 image	of	 (A)	0.125AHN,	(B)	0.25AHN,	

(C)	 0.5AHN,	 (D)	 0.125VHN,	 (E)	 0.25VHN,	 and	 (F)	 0.5VHN	 organogels,	

respectively……………………………………………………………………………………………………..172	

Figure	5.7:	Swelling	properties	of	organogels	in	different	organic	solvents.	Each	

value	corresponds	to	the	average	absorption	data	obtained	from	three	separate	

measurements…………………………………………………………………………………………………173	

Figure	5.8:	 (A)	absorption,	 (B)	desorption	study	of	 the	organogels	 in	DCM	at	

room	temperature,	and	(C)	absorption	kinetics	(t/Q	vs.	t)	plot	for	all	organogels.	

The	points	presented	 in	 the	graph	are	 the	average	of	 the	 triplicate	 study,	 (D)	

pictorial	representation	of	the	complete	solvent	sorption	kinetic	test,	and	(E-I)	

represent	 the	 complete	 step	 wise	 procedure	 for	 the	 solvent/water	 separation	

study………………………………………………………………………………………………………..……..175	

Figure	5.9:	Freundlich	kinetic	isotherm	of	0.5VHN……………………………………….176	

Figure	 5.10:	 (A)	 and	 (B)	 show	 the	 long-term	 reusability	 of	 the	 0.25VHN	

organogel	in	DCM	for	10	and	40	cycles,	respectively,	which	corresponds	to	the	

average	of	three	separate	measurements,	with	the	variance	shown	by	error	bars.	

(C)	and	(D)	represent	the	structure	of	organogel	before	and	after	40	times	solvent	

sorption,	respectively.	(E)	FTIR	spectrum	of	the	0.5VHN	organogel	after	40	oil	

sorption-desorption	 cycles,	 and	 (F)	 thermoresponsive	 behavior	 of	 the	

organogel…………………………………………………………………………………………………………178		



	xxvi	

Figure	 5.11:	 (A)	 Gasoline	 and	 diesel	 absorption	 by	 organogels.	 Each	 point	

presented	in	the	plot	represents	the	average	value	of	triplicate	experiments,	with	

the	 variance	 shown	 by	 error	 bars.	 (B)	 Reusability	 of	 0.5VHN	 organogel	 in	

gasoline	absorption…………………………………………………………………………………..…....179	

Figure	 5.12:	 (A)	 Schematic	 representation	 of	 pure	 water	 regeneration.	 (B)	

Pictorial	representation	of	the	selective	removal	of	gasoline	oil	from	the	water	

surface.	(C)	Representing	the	organogel	selective	oil	capture	from	seawater	and	

rejecting	water…………………………………………………………………………………………………180	

Figure	 5.13:	 (A)	 representing	 the	 stability	 test	 of	 the	 organogel	 in	 simulated	

seawater,	oil/water	at	pH	2,	pH	5,	pH	9,	and	pH	13.	(B)	represents	the	oil	removal	

efficiency	at	different	simulated	conditions.	(C)	represents	the	ATR-FTIR	of	the	

organogels	after	sorption	at	different	pH	conditions……………………………………...181	

Figure	5.14:	SEM	images	of:	 (A)	pristine	polyester	support	and	(B)	organogel-

coated	polyester	support.	(C)	Tensile	stress-strain	curves	of	organogel	membrane	

and	polyester	support,	(D)	illustrating	the	state	of	the	samples	used	before	and	

after	the	tensile	study……………………………………………………………………………..……….183	

Figure	 5.15:	 (A)	 contact	 angle	 study	 of	 the	 membrane	 using	 water	 with	

methylene	blue	and	DCM	with	methyl	red.	(B)	Snapshots	of	oil	droplets	during	

contact	angle	measurement	on	the	organogel	membrane	for	different	types	of	

oils…………………………………………………………………………………………………………………..184	

Figure	5.16:	(A-C)	represent	the	gravimetric	filtration	setup,	oil-water	emulsified	

solution,	 and	 separated	oil-water,	 respectively.	 (D)	organogel	membrane	after	

oil-water	separation;	(E)	thickness	of	the	membrane;	(F)	separation	efficiency	of	

the	 organogel	 membrane	 towards	 oil/water	 mixture	 under	 gravimetric	

separation,	 (G	 and	H)	 represent	 the	 FESEM	 images	 of	 the	 pristine	 organogel	

coated	membrane	and	membrane	after	the	10th	separation	cycle.	(I)	separation	

efficiency	 and	 flux	 of	 the	 membrane	 for	 three	 different	 oil/water	 emulsions	

(DCM/water,	 chloroform/water,	 and	 toluene/water)	 in	 dead-end	 filtration	 set	

up,	(J)	separation	flux	for	10	cycles,	and	(K)	represents	the	ATR-FTIR	spectra	of	



	xxvii	

pristine	organogel	membrane	 and	membrane	 after	 10th	 separation	 cycle.	Each	

value	 corresponds	 to	 the	 average	 of	 three	 separate	 measurements,	 with	 the	

variance	shown	by	error	bars……………………………………………………………………………185	

Figure	 5.17:	 Optical	 microscope	 images	 before	 and	 after	 oil	 separation	 of	

DCM/water	and	toluene/water	emulsion………………………………………….…………….187	

Figure	5.18.	(A)	Schematic	illustration	of	a	typical	crossflow	membrane	cell,	(B)	

pictorial	configuration	of	crossflow	setup	for	oil-water	emulsion	separation.	(C)	

represents	the	crossflow	flux	and	separation	efficiency	of	DCM/water	emulsion.	

(D)	 Represents	 the	 separation	 efficiency	 and	 separation	 flux	 of	 the	

gasoline/water	emulsion	by	a	dead-end	filtration	setup………………………………….188	

Figure	 5.19:	 	 Comparison	 study	 of	maximum	 oil	 sorption	 capacity	 of	 similar	

materials………………………………………………………………………………………………………….189	

	

	

	

	

	

	

	

	

	

	



	xxviii	

LIST	OF	TABLES	

Table	1.1:	Different	methods/	technologies	used	to	fabricate	fog	harvesters	and	

their	advantages………………………………………………………………………………………………..13	

Table	1.2:	Summary	of	some	works	on	active	refrigeration……………………………….18	

Table	1.3:	Novel	composite	materials	used	for	atmospheric	water	harvesting…28	

Table	 1.4:	 Summary	 of	 representative	 studies	 demonstrating	 real-world	 and	

techno-economic	feasibility	of	AWH	systems……………………………………………………35	

Table	 1.5:	 A	 systematic	 comparison	 of	 the	 energy	 consumption	 profiles	 and	

economic	feasibility	of	recently	developed	AWH	technologies……………………….38	

Table	2.1:	A	comparison	study	of	surface	area,	pore	volume,	and	moisture	uptake	

of		MOFs	and	composites	presented	in	prior	works	with	the	MOF	and	composites	

developed	in	our	work………………………………………………………………………………………58	

Table	2.2:	Elemental	analysis	data	of	0.5AHN_AlM(7.5)	composite………………...65	

Table	 2.3:	Data	 obtained	 from	 water	 sorption	 kinetics	 (t	 vs.	 t/Q)	 graph	 for	

different	hydrogels,	shown	in	Figure	2.8C………………………………………………………67	

Table	2.4:	Data	obtained	from	the	moisture	sorption	kinetics	(t	vs.	t/Q)	graph	of	

the	hydrogels	and	composites………………………………………………………………………….72	

Table	2.5:	Comparison	study	of	salt	concentrations	before	and	after	desalination	

study…………………………………………………………………………………………………………………80	

Table	2.6:	Comparison	study	of	the	evaporation	rate	of	solar	evaporators………80	

Table	 3.1:	 Summary	 of	 water	 sorption	 properties	 and	 pseudo-second-order	

kinetic	parameters	for	the	hydrogels…………………………………………………………………97	

Table	3.2:	 Summary	of	moisture	sorption	properties	and	pseudo-second-order	

kinetic	parameters	for	the	hydrogels	and	composites……………………………………….99	



	xxix	

Table	3.3:	Comparison	of	moisture	sorption	studies	in	low	humid	conditions,	i.e.,	

30%,	40%	and	60%..................................................................................................105	

Table	 3.4:	 Comparison	 study	 of	 equilibrium	 moisture	 sorption	 of	 different	

composites……………………………………………………………………………………….….…….……108	

Table	 3.5:	 Comparison	 study	 of	 evaporation	 rate	 of	 different	 solar	

evaporators……………………………………………………………………………………….….…...…..…111	

Table	4.1:	Elemental	analysis	data	of	NH2-MIL-53(Cr10Al)	…………………………..…134	

Table	4.2:	Elemental	analysis	data	of	NH2-MIL-53(Cr20Al)	…………………………....134	

Table	4.3:	Elemental	analysis	data	of	VHN_(Cr10Al)M/CaCl2……………...……………136	

Table	4.4:	Elemental	analysis	data	of	VHN_(Cr20Al)M/CaCl2…………….…………….137	

Table	4.5.	Summary	of	moisture	sorption	properties	and	pseudo-second-order	

kinetic	parameters	for	the	MOFs,	BMOFs	and	composites……………………….……142	

Table	4.6:	Comparison	of	moisture	sorption	studies	in	various	humid	conditions,	

i.e.,	10-90%..............................................................................................................148	

Table	 4.7:	 Benchmark	 comparison	 of	 atmospheric	 water	 harvesting	

materials………………………………………………………………………………………………………….154	

Table	 5.1:	 Average	 percentage	 of	 organic	 solvent	 absorbed	 by	 different	

organogels……………………………………………………………………………………………………….174	

Table	5.2:	Different	parameters	derived	from	the	kinetic	model……………………..176	

Table	 5.3:	 Comparison	 Study	 of	 Maximum	 Oil	 Sorption	 Capacity	 of	 Similar	

Materials………………………………………………………………………………………………………….18	

	

	



	xxx	

LIST	OF	ABBRIVIATIONS	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

1	

1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide	
(EDC)	

2	

2-hydroxyethylmethacrylate	(HEMA)	

2-amino	terephthalic	acid	[NH2-BDC]	

2,2,2-	Trifluoroacetic	acid	(TFA)	

4	

4-dimethylaminopyridine	(DMAP)	

A	

Atmospheric	Water	Harvesting	(AWH)		

Attenuated	total	reflectance	(ATR)	

Aluminium	 based	 metal	 organic	
framework	(AlM)	

Ammonium	persulfate	(APS)	

Aluminium	 chloride	 hexahydrate	
(AlCl3.6H2O)	

Atmospheric	water	generator	(AWG)	

B	

Barrett-Joyner-Halenda	(BJH)	

Brunauer–Emmett–Teller	(BET)	

Bi-metallic	MOF	(BMOF)	

C	

Chemical	Vapor	Deposition	(CVD)	

Covalent	organic	framework	[COF]	

Cross-polarization/magic-angle	spinning	
(CP-MAS)	

Chromium	 based	 metal	 organic	
framework	(CrM)	

Chromium	 doped	 aluminium	 metal	
organic	framework	[(CrdAl)M]	

Calcium	chloride	(CaCl2)	

Carbon	nanotubes	(CNTs)	

Cost	effective	ratio	(CER)	

	

D	

Dichloromethane	(DCM)	

dimethylformamide	(DMF),	

Dimethyl	sulfoxide	(DMSO)	

Differential	scanning	calorimetry	(DSC)	

Deuterated	chloroform	(CDCl3)	

E	

Energy-dispersive	 X-ray	 spectroscopy	
(EDX)	

Ethanol	(EtOH)	

Ethyl	Acetate	(EtOAC)	

F	

Field	 Emission	 Scanning	 Electron	
Microscope	(FE-SEM)	

Fourier	transform	infrared	(FTIR)	

G	

Graphene	oxide	(GO)	

H	

Hydrochloric	acid	(HCl)	

Humidification	 and	 dehumidification	
(HDH)	

I	

Inductively	 coupled	 plasma	 mass	
spectrometry		[ICP-MS]	

Infrared	(IR)	

Interpenetrating	 polymer	 network	
(IPN)	

L	

L-Alanine-hydroxyethyl	 methacrylate-
co-N-isopropylacrylamide	(AHN)	

L-Valine-hydroxyethyl	 methacrylate-
co-N-isopropylacrylamide	(VHN)	

Lower	 critical	 solution	 temperature	
(LCST)	

	



	xxxi	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Lithium	Chloride	(LiCl)	

Large	fog	collectors	(LFC)	

M	

Metal	organic	framework	(MOF)	

N	

N-isopropylacrylamide	(NIPAM)	

nanofiltration	(NF)	

Nanoparticle	(NP)	

Nuclear	magnetic	resonance	(NMR)	

N,N,N’,N”,N”-	
pentamethyldiethylenetriamine	(PMDETA)	

N,N’-methylenebisacrylamide	(MBA)	

Nickel	 based	 metal	 organic	 framework	
(NiM)	

O	

Oil	permeation	percentage	(OP%)	

Organogel	(GEL)		

P	

Polydimethylsiloxane	(PDMS)	

powder	X-ray	diffraction	(PXRD)	

Polyurethane	(PU)	

Polypyrolle	(PPy)	

Polyaniline	(PANI)	

Polyvinyl	caprolactam	(pVCl)	

Poly	propylene	(PP)	

R	

Relative	humidity	(RH)	

Room	temperature	(RT)	

S	

selected	area	electron	diffraction	(SAED)	

Solar	assisted	atmospheric	water	harvesting	
(Sol-AWH)	

Saturation	ratio	percentage	(SR%)	

Soluble	fraction	(SF)	

	

	

Small	fog	collectors	(SFCs)	

Sodium	bicarbonate	(NaHCO3)	

T	

Thermogravimetric	analysis	(TGA)	

transmission	 electron	 microscopy	
(TEM)	

tert-butoxy	carbonyl	(BOC)	

Tetrahydrofuran	(THF)	

tert-butoxy	 carbonyl-	 L-Alanine-
hydroxyethyl	methacrylate	(Boc-Ala-
HEMA)	

tert-butoxy	 carbonyl-	 L-Alanine-
hydroxyethyl	methacrylate	(Boc-Val-
HEMA)	

Total	organic	carbon	(TOC)	

Tetramethylsilane	(TMS)	

Thermoelectric	cooler	(TEC)	

U	

Ultraviolet	 photoelectron	
spectroscopy	(UPS)	

Ultraviolet-Visible	(UV-Vis)	

Ultrafiltration	(UF)	

V	

Vapor	 compression	 refrigerator	
(VCR)	

W	

World	Health	Organization	(WHO)	

X	

X-ray	diffraction	(XRD)	

X-ray	absorption	spectroscopy	(XAS)	

X-ray	 photoelectron	 spectroscopy	
(XPS)	

Z	

Zinc	based	metal	organic	framework	
(ZnM)	



	xxxii	

List	of	Symbols	

es	 saturated	water	vapor	

Ta	 environmental	temperature	

P	 radiative	power	

Ts	 surface	temperature	

𝜎	 Stefan-Boltzmann	constant	

𝜀	 emissivity	

Jo	 oil	separation	flux	

Jro		 recovered	oil	flux	

𝜃	 weight	of	the	swollen	gel	at	time	t	

𝜃!"#	 weight	of	the	swollen	gel	at	equilibrium	

k		 rate	of	absorption	

t	 time	

A	 area	

Mw		 weight	of	the	sample	after	moisture	uptake	

Mi	 initial	mass	of	the	composite	

Mt	 weight	of	the	sample	at	a	specific	time	

𝑄$	 Equilibrium	adsorption	capacity	of	solute	

𝐾%	 Freundlich	constant	indicative	of	adsorption	capacity	

𝐶𝑒	 Equilibrium	concentration	of	solute	in	solution	

1/n	 Freundlich	exponent	indicative	of	adsorption	reliability	

V	 Volume	

ρ	 density 	




